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Disclaimer 
By downloading or accessing this toolkit or any other materials from this website, or through this portal, 
the user acknowledges and agrees  that:  (1)   he/she  is an authorized agent or employee of a hospital 
currently  participating  in  ISQIC  (“Hospital”)  under  a  valid  ISQIC  Instructional  and  Related  Services 
Agreement (“Agreement”) with rights to access this material, subject to the terms of such Agreement; (2) 
the information and materials available through this link are being provided “as is” with no warranties of 
any kind;  (3) he/she has authority  to, and does  in  fact accept  responsibility on behalf of Hospital  for 
Hospitals’ and his/her own use or  implementation of  the  suggestions or  information provided  in  the 
materials; (4) user and Hospital, and not Northwestern University or ISQIC, determine how or whether 
user or Hospital makes use of the materials or information provided here; and, (5) all use of materials or 
information provided here is subject to the terms and conditions of the Agreement.   
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How to Use This Toolkit 
Implementing a Surgical Site Infection (SSI) reduction protocol requires significant coordination between 
groups within a hospital. There are protocol components that must be completed by the patient prior to 
surgery, intraoperatively by members of the care team, and finally postoperatively from the time surgery 
ends  until  discharge.  Many  excellent  resources  have  been  created  by  groups  across  the  country; 
therefore, this toolkit is meant to house many of those resources so you can easily see what each has to 
offer. Additionally, we’ve reached out to ISQIC hospitals for their experiences implementing interventions, 
bundles, and protocols to decrease SSI rates so we can all  learn from each other the different ways to 
implement a project such as this.  

We hope you will find the resources and case studies in this toolkit useful and that you can easily tailor 
the interventions to your institution’s needs.  

The following functions have been added to this pdf to make it easy to navigate:  

1. This pdf is searchable so you can type a page number or word into the search box to be taken to

places in the toolkit where that search item appears.

2. Clicking on any section header or sub‐header in the Table of Contents will take you directly to that

section.

3. Clicking on the ISQIC logo in the bottom right corner of each page will take you back to the Table

of Contents.

4. Clicking on the reference to an appendix in the text will take you directly to that appendix.

5. You may double click any caption  that says “Double click  image  to open attachment” and  the

attachment will open. To get back to the Toolkit, click on 'Close' in the file menu and you will be

able to re‐open the Toolkit. Adobe Reader is the preferred method for viewing attachments.

Feedback on This Toolkit  
We hope this toolkit will assist your hospital in deciding how to implement the SSI bundle and which tools 
and  interventions may  be  optimal  in  your  local  care  context.   We welcome  all  feedback  so we  can 
iteratively update the toolkit to highlight new interventions, clarify existing ones, and generally make the 
toolkit more user‐friendly and helpful. Please send any questions, comments, or overviews of what your 
institution implemented to Lindsey Kreutzer (lkreutzer@isqic.org).  

@2016-2017 ISQIC. Not for reuse or distribution without permission
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Implementing an SSI Bundle 
Utilizing a systematic approach to decrease complication 
rates 
Surgical  site  infection  (SSI)  is  a  complex problem with many different  contributing  factors  that  cross 
multiple phases of care. Therefore, utilizing a bundled set of best practices can be an effective means to 
decrease SSI rates.1‐3 For the year three Collaborative Quality Improvement Project, ISQIC will utilize the 
Mantyh protocol, a validated SSI protocol from Duke University shown to be effective in peer‐reviewed 
journal publications. Implementing the bundle will allow ISQIC hospitals to provide best practice care to 
reduce SSI and ensure care is standardized across providers. For more information on the rationale for 
utilizing this specific bundle, see page 6 or click here.  

Assembling a multi‐disciplinary team 
Given that effective SSI reduction bundles cross multiple phases of care and require buy‐in from a variety 
of groups, it is imperative to form a multi‐disciplinary team.  As you’ve learned through the ISQIC quality 
and process  improvement curriculum, a project team with defined ownership, accountability, and role 
definitions is critical to success. Teams consist of sponsors, process and improvement leaders, and other 
members. For a reminder of their roles as defined in the ISQIC curriculum, click here.  

Team members are responsible for contributing to the project’s direction and implementation; therefore, 
it is important to ensure teams represent multiple disciplines and include most, if not all, of the relevant 
stakeholders.  In addition to your  ISQIC team, you may want to consider  inviting a representative from 
some  or  all  of  these  cohorts,  along  with  others  based  on  your  local  care  context:  surgeons, 
anesthesiologists, OR managers, educators, in‐ and out‐patient nurses, patient safety representatives, and 
pre‐, intra‐, and post‐operative services representatives.   

Challenges to buy‐in 
One of  the most  common questions  the  ISQIC Coordinating Center has  received  about  the  ISQIC  SSI 
reduction bundle is whether there is literature to support each bundle component. The bundle has been 
shown to be effective at decreasing SSI rates when all components are utilized together; however, when 
components  are  used  singularly  or  smaller  groups  in  tandem  they  are  less  effective.  Therefore,  it  is 
important to maintain that the literature supports the bundle overall. Publications supporting the bundle 
are included on page 6 (or click here) and may be useful in presenting a case for buy‐in at your institution. 

@2016-2017 ISQIC. Not for reuse or distribution without permission
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The Mantyh Protocol 
The Mantyh protocol was selected for use by the entire collaborative because it has been validated, shown 
to be effective, has a precedent for implementation at other institutions, and provides a cost‐effective set 
of  interventions. We  recognize  that hospital  finances are  complex but  it  is  important  to  remind your 
hospital’s leadership of the potential cost savings from decreased SSI rates, as outlined in the manuscript 
by Mantyh and colleagues referenced below.  

Supporting Literature  
Click on the publication title below to access the article providing support for the bundle. Please note that 
this is a selection of articles but is not all inclusive. 

 The  Preventive  Surgical  Site  Infection  Bundle  in  Colorectal  Surgery An  Effective Approach  to
Surgical Site Infection Reduction and Health Care Cost Savings 
Jeffrey E. Keenan, MD; Paul J. Speicher, MD; Julie K. M. Thacker, MD; MonicaWalter, DNP; Maragatha Kuchibhatla, PhD; Christopher 
R. Mantyh, MD 

 Evidence for a Standardized Preadmission Showering Regimen to Achieve Maximal Antiseptic Skin
Surface Concentrations of Chlorhexidine Gluconate, 4%, in Surgical Patients
Charles E. Edmiston Jr, PhD; Cheong J. Lee, MD; Candace J. Krepel, MS; Maureen Spencer,MEd; David Leaper, MD; Kellie R. Brown,
MD; Brian D. Lewis, MD; Peter J. Rossi, MD; Michael J. Malinowski, MD; Gary R. Seabrook, MD 

 Impact of Non‐rinse Skin Cleansing with Chlorhexidine Gluconate on Prevention of Healthcare‐
associated Infections and Colonization with Multi‐resistant Organisms: a Systematic Review
S. Karki, A.C. Cheng 

 Combined Preoperative Mechanical Bowel Preparation With Oral Antibiotics Significantly Reduces
Surgical Site Infection, Anastomotic Leak, and Ileus After Colorectal Surgery
Ravi Pokala Kiran, MBBS, MS, FRCS, FACS, MSc (EBM), FASCRS, Alice C. A. Murray, BSc, MBBS, MRCS, Cody Chiuzan, PhD, David Estrada,
MD, and Kenneth Forde, MD 

 Combined Mechanical  and Oral Antibiotic  Bowel  Preparation  Reduces  Incisional  Surgical  Site
Infection  and  Anastomotic  Leak  Rates  After  Elective  Colorectal  Resection  An  Analysis  of
Colectomy‐Targeted ACS NSQIP
John E. Scarborough, MD, Christopher R. Mantyh, MD, PhD, Zhifei Sun, MD, and John Migaly, MD

 Oral Antibiotic  Bowel  Preparation  Reduces  Length  of  Stay  and  Readmissions  after  Colorectal
Surgery
Galina D Toneva, BS, Rhiannon J Deierhoi, MPH, Melanie Morris, MD, Joshua Richman, MD, PhD, Jamie A Cannon, MD, Laura K Altom,
MD, MSPH, Mary T Hawn, MD, MPH, FACS 

 Clinical Practice Guidelines for Antimicrobial Prophylaxis in Surgery 
Dale W. Bratzler, E. Patchen Dellinger, Keith M. Olsen, Trish M. Perl, Paul G. Auwaerter,Maureen K. Bolon, Douglas N. Fish, Lena M. 
Napolitano, Robert G. Sawyer, Douglas Slain,James P. Steinberg, and Robert A. Weinstein 

@2016-2017 ISQIC. Not for reuse or distribution without permission
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Protocol Overview 
The  following  bundle  should  be  implemented  for  all NSQIP  elective  open,  laparoscopic,  and  robotic 
colectomy  and  proctectomy  procedures  (e.g.  low  anterior  resection,  abdominoperineal  resection). 
Additional detail on the questions for abstraction can be found in the SSI Reduction Bundle Abstraction 
Guide available at isqicdata.org.  

Preoperative (outpatient) 
1. Oral antibiotics
2. Mechanical bowel preparation
3. Preoperative chlorhexidine skin cleansing day before surgery
4. Preoperative chlorhexidine skin cleansing day of surgery

Preoperative (inpatient) 
5. Timely initial administration of appropriate SSI antibiotic prophylaxis
6. Same‐day, preoperative, glycemic control for NSQIP‐defined diabetics

Intraoperative (surgery) 
7. OR traffic limited to essential personnel (policy‐based component)
8. Surgical site hair clipping (no shaving) (policy‐based component)
9. Proper wound classification(policy‐based component)
10. Hand hygiene (policy‐based component)
11. Timely intraoperative re‐dosing of appropriate SSI antibiotic prophylaxis
12. Normothermia at surgery completion
13. Standardized intraoperative skin preparation with chlorhexidine and alcohol‐based solution(s)
14. Wound protector utilization for all incisions
15. Utilization of a dedicated wound closure tray/instruments
16. Gown and glove change prior to wound closure
17. Re‐draping prior to wound closure
18. Sterile occlusive incisional wound dressing placed in OR
19. Intraoperative glycemic control for NSQIP‐defined diabetics

Postoperative (Inpatient) 
20. Duration of SSI antibiotic prophylaxis is less than 24 hours
21. Removal of the original operating room incisional dressing on postoperative day 2
22. Daily chlorhexidine  incision cleansing after dressing removal until discharge (but not to exceed

postoperative day 7)

@2016-2017 ISQIC. Not for reuse or distribution without permission
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Resource Overview 
If you are mainly interested in materials for a specific bundle component, please click on the material(s) 
listed under the component name to go directly to those pages in the toolkit. Additional references are 
located in the section on the Mantyh protocol and additional resources can be found in the ISQIC Case 
Studies section and in the appendices. Policy based bundle components are not included below.  

Preoperative (outpatient) 
1. Oral antibiotics

a. Safer Healthcare Now! – Preventing SSI Getting Started Kit
b. ACS NSQIP – Best Practices Guidelines: Prevention of Surgical Site Infections
c. Joint Commission Center for Transforming Health Care – Reducing Colorectal SSI
d. ISQIC Created Resource – Dictation Cues

2. Mechanical bowel preparation
a. Joint Commission Center for Transforming Health Care – Reducing Colorectal SSI
b. ISQIC Created resource ‐ Pre‐operative Bowel Prep Patient Education Handout Template
c. ISQIC Created Resource – Dictation Cues

3. Preoperative chlorhexidine skin cleansing day before surgery
a. Safer Healthcare Now! – Preventing SSI Getting Started Kit
b. ACS NSQIP – Best Practices Case Studies
c. Joint Commission Center for Transforming Health Care – Reducing Colorectal SSI
d. ISQIC  Created  Resource  ‐  Pre‐operative  Chlorhexidine  Patient  Education  Handout

Template
e. ISQIC Created Resource – Dictation Cues

4. Preoperative chlorhexidine skin cleansing day of surgery
a. Safer Healthcare Now! – Preventing SSI Getting Started Kit
b. ACS NSQIP – Best Practices Case Studies
c. Joint Commission Center for Transforming Health Care – Reducing Colorectal SSI
d. ISQIC  Created  Resource  ‐  Pre‐operative  Chlorhexidine  Patient  Education  Handout

Template
e. ISQIC Created Resource – Dictation Cues

Preoperative (inpatient) 
5. Timely initial administration of appropriate SSI antibiotic prophylaxis

a. Safer Healthcare Now! – Preventing SSI Getting Started Kit
b. ACS NSQIP – Best Practices Guidelines: Prevention of Surgical Site Infections
c. ACS NSQIP – Best Practices Case Studies
d. Joint Commission Center for Transforming Health Care – Reducing Colorectal SSI
e. ISQIC Created Resource – Dictation Cues

6. Same‐day, preoperative, glycemic control for NSQIP‐defined diabetics
a. Safer Healthcare Now! – Preventing SSI Getting Started Kit
b. ACS NSQIP – Best Practices Guidelines: Prevention of Surgical Site Infections
c. ACS NSQIP – Best Practices Case Studies
d. ISQIC Created Resource – Dictation Cues

@2016-2017 ISQIC. Not for reuse or distribution without permission
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Intraoperative (surgery) 
11. Timely intraoperative re‐dosing of appropriate SSI antibiotic prophylaxis

a. Safer Healthcare Now! – Preventing SSI Getting Started Kit
b. ACS NSQIP – Best Practices Guidelines: Prevention of Surgical Site Infections
c. ACS NSQIP – Best Practices Case Studies
d. Joint Commission Center for Transforming Health Care – Reducing Colorectal SSI
e. ISQIC Created Resource – Dictation Cues

12. Normothermia at surgery completion
a. Safer Healthcare Now! – Preventing SSI Getting Started Kit
b. ACS NSQIP – Best Practices Guidelines: Prevention of Surgical Site Infections
c. ACS NSQIP – Best Practices Case Studies
d. Joint Commission Center for Transforming Health Care – Reducing Colorectal SSI
e. ISQIC Created Resource – Dictation Cues

13. Standardized intraoperative skin preparation with chlorhexidine and alcohol‐based solution(s)
a. Safer Healthcare Now! – Preventing SSI Getting Started Kit
b. ACS NSQIP – Best Practices Case Studies
c. Joint Commission Center for Transforming Health Care – Reducing Colorectal SSI
d. ISQIC Created Resource – Dictation Cues

14. Wound protector utilization for all incisions
a. ISQIC Created Resource ‐ Wound Protector Ordering Information
b. ISQIC Created Resource – Dictation Cues

15. Utilization of a dedicated wound closure tray/instruments
a. ACS NSQIP – Best Practices Case Studies
b. Joint Commission Center for Transforming Health Care – Reducing Colorectal SSI
c. ISQIC Created Resource – Dictation Cues

16. Gown and glove change prior to wound closure
a. ACS NSQIP – Best Practices Guidelines: Prevention of Surgical Site Infections
b. ACS NSQIP – Best Practices Case Studies
c. Joint Commission Center for Transforming Health Care – Reducing Colorectal SSI
d. ISQIC Created Resource – Dictation Cues

17. Re‐draping prior to wound closure
a. ACS NSQIP – Best Practices Case Studies
b. ISQIC Created Resource – Dictation Cues

18. Sterile occlusive incisional wound dressing placed in OR
a. ISQIC Created Resource – Dictation Cues

19. Intra‐operative glycemic control for NSQIP‐defined diabetics
a. Safer Healthcare Now! – Preventing SSI Getting Started Kit
b. ACS NSQIP – Best Practices Guidelines: Prevention of Surgical Site Infections
c. ACS NSQIP – Best Practices Case Studies
d. ISQIC Created Resource – Dictation Cues

Postoperative (Inpatient) 
20. Duration of SSI antibiotic prophylaxis is less than 24 hours

a. Safer Healthcare Now! – Preventing SSI Getting Started Kit
b. ACS NSQIP – Best Practices Guidelines: Prevention of Surgical Site Infections
c. ACS NSQIP – Best Practices Case Studies
d. ISQIC Created Resource – Dictation Cues

@2016-2017 ISQIC. Not for reuse or distribution without permission
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21. Removal of the original operating room incisional dressing on post‐operative day 2
a. ACS NSQIP – Best Practices Guidelines: Prevention of Surgical Site Infections
b. ACS NSQIP – Best Practices Case Studies
c. Joint Commission Center for Transforming Health Care – Reducing Colorectal SSI
d. ISQIC Created Resource – Dictation Cues

22. Daily chlorhexidine incision cleansing after dressing removal until discharge
a. ACS NSQIP – Best Practices Case Studies
b. ISQIC Created Resource – Dictation Cues

@2016-2017 ISQIC. Not for reuse or distribution without permission
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Existing SSI Reduction Toolkits 
The toolkits highlighted in this section have been reviewed thoroughly by the ISQIC Coordinating Center. 
The highest quality toolkits are highlighted in this section. We believe that they have the highest potential 
for effective use because they contain practical examples and suggestions that can be tailored to your 
local  care  environment.  Additional  SSI  reduction‐related  toolkits  in  appendix  1  provide  additional 
resources that may be relevant to your hospital.  

Safer Healthcare Now! – Preventing SSI Getting Started 
Kit 
http://www.patientsafetyinstitute.ca/en/toolsResources/Documents/Interventions/Surgical%20Site%20
Infection/SSI%20Getting%20Started%20Kit.pdf  

The Getting Started Kit is an ideal resource for those people looking for an in‐depth overview of SSIs and 
how to implement a bundle. The kit includes information on:  

 Building buy‐in

 Identifying evidence‐based strategies for inclusion in the bundle

 Strategies for collecting data and measuring success.
Furthermore, the appendices provide concrete examples of data collection forms, measurement 
worksheets with corresponding run charts, and audit flow charts.  

Double	click	to	open	attachment

@2016-2017 ISQIC. Not for reuse or distribution without permission
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ACS NSQIP – Best Practices Guidelines: Prevention of 
Surgical Site Infections 
Access Best Practice Guidelines here 
 
This best practices guide provides a simple background on SSI as well as strategies for prevention of SSI 
by  phase  of  care  (pre‐,  intra‐,  and  post‐operative).  The  guidelines  further  classify  whether 
recommendations are patient‐ or provider‐related. We recommend reviewing this guide if you are looking 
for practical action  items and approaches, such as  those  included  in  the  tables and appendices  in  the 
guideline material. Since this is a shorter guide it may be more useful to those who already have some 
knowledge about SSI reduction bundles and are looking for specific materials.  
 

 
 
 
 
 
 

	
	
	
	

	
	
	
	
	
	
	

Double	click	to	open	attachment	

Double	click	to	open	attachment
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Existing SSI Case Studies 
Similar to the previous section on existing toolkits, these case studies have been reviewed by the ISQIC 
Coordinating Center. We think these case studies can provide valuable examples of how other institutions 
have  implemented SSI bundles and projects  related  to SSI  reduction. We hope  these case studies will 
highlight the lessons learned by other groups and provide more examples of how you can impact SSI rates 
at your institution utilizing a variety of approaches.  

ACS NSQIP – Best Practices Case Studies 
https://www.facs.org/~/media/files/quality%20programs/nsqip/nsqip%20best%20practice%20v_4.ashx  

Pages  7‐28  of  this  document  focus  on  SSI  but we  suggest  that  you  read  the Mayo  Clinic  Rochester 
Methodist Hospital Case Study (pages 17‐28). This particular case study is an excellent illustration of the 
project process, starting with identification of the local problem and a review of baseline data, followed 
by a section on implementing a QI activity based on the data, and finally results of the initiative and cost 
savings. Furthermore, since ACS NSQIP created this collection of case studies, the ACS NSQIP variables 
affected by the SSI intervention are clearly identified. We particularly like that this document includes an 
example of the cost savings calculation used to justify the intervention as well as tips for others tackling a 
similar quality improvement project.  

Double	click	to	open	attachment

Double	click	to	open	attachment
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Joint Commission Center for Transforming Health Care – 
Reducing Colorectal SSI 
https://www.centerfortransforminghealthcare.org/assets/4/6/SSI_storyboard.pdf  

This case study outlines a project undertaken at 7 hospitals to decrease the colorectal SSI rate at their 
institutions.  The  steps  involved  in  the  process  are  well  laid  out  and  the  case  study  highlights  the 
importance of data and sustainability to ensure success. Furthermore, the case study includes valuable 
concrete  information  such  as  targeted  solutions  for  specific  contributing  factors  and  types  of  data 
collection.   

Double	click	to	open	attachment
Double	click	to	open	attachment

Double	click	to	open	attachment
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ISQIC‐ Created Resources 
The resources listed below were created by the ISQIC Coordinating Center to assist your hospital in 
implementing the SSI Reduction Bundle. Click on the bulleted name of an item to open the item as a 
PDF. You can also access the resources in Word or PowerPoint format at isqicdata.org within the ISQIC 
Documents tab.  

 Introduction to the SSI Reduction Bundle Letter Template
Briefly introduces surgeons and staff to the SSI Reduction Bundle.

 Introduction to the SSI Reduction Bundle PowerPoint Template
This presentation can be utilized to introduce the bundle to staff and surgeons at your hospital
to assist you in obtaining buy‐in.

 Wound Protector Ordering Information
Includes information on multiple sizes.

 Pre‐operative Chlorhexidine Patient Education Handout Template
Template for handout on preoperative washing with chlorhexidine that can be distributed at the
pre‐op clinic visit. This template applies to showers but your institution may use different modes
for having patients get chlorhexidine on their bodies the day before surgery so you should
modify the template as needed.

 Pre‐operative Bowel Prep Patient Education Handout Template
Template for handout on bowel prep that can be distributed at the pre‐op clinic visit. There are
many types of bowel prep available and patient instructions differ from product to product;
therefore, the template should be updated accordingly. This template is for large volume PEG
and may need to be modified if different products are chosen.

 Dictation Cues
Cues that a surgeon can utilize to dictate information related to the bundle into their operative
note. This is intended to assist hospitals that have not been able to develop a robust
infrastructure to collect the data for the SCR to abstract.

@2016-2017 ISQIC. Not for reuse or distribution without permission
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ISQIC Hospital Case Studies 

Northwestern Medicine Delnor Hospital  

Project Overview 
Delnor  Hospital’s  project  began  with  a  meeting  of  the  Northwestern  Medicine  Hospital  Surgical 

Collaborative, at which all 5 hospitals in the Northwestern Medicine system decided that they would focus 

on SSI related to bowel resection. The system created an evidence‐based SSI reduction bundle for bowel 

resection with 17 elements. The elements of the bundle are as follows: 

1. Metronidazole 1000 mg PO at 12:00, 1800, 2300

2. Neomycin 1000 mg PO at 1200, 1800, 2300

3. Polyethylene glycol 4L started by 1600

4. Chlorhexidine wipes at home night before surgery

5. Chlorhexidine wipes am of surgery (Delnor decided to do them in pre‐op/holding area instead of

patient doing them at home)

6. SCIP compliant antibiotic chemoprophylaxis

7. OR traffic limited to essential personnel

8. Surgical site hair clipping (hair removal performed with clippers)

9. Proper skin preparation (2% chlorhexidine/70% isopropyl alcohol skin preparation, allowed to dry

3 minutes prior to draping or betadine/ray‐tek/loban over abdomen if any stoma in field)

10. Wound protector for all incisions

11. Dedicated wound closure tray, gown/glove change, re‐draping (Delnor decided to separate the

closure instruments at the start of the case and put them on a separate mayo stand instead of a

dedicated tray, and  instead of re‐draping they opted for applying fresh towels around  incision

prior to closure.)

12. Sterile occlusive dressing x 48 hours

13. Intra‐operative normothermia (≥ 36◦C)

14. Intra‐operative euglycemia for diabetics (< 200 mg/dl)

15. 23 hours of SSSI prophylaxis (antibiotics discontinued before 24 hours)

16. Removal of occlusive dressing within 48 hours

17. Daily wound wipe (chlorhexidine cloths) once dressing is removed for one week

Implementation

Delnor Hospital implemented the bundle April 1, 2016. As of September 14, 2016, 36 colon operations 

were performed, of which adherence data was abstracted for 25 cases. 

For those 25 they are 100% compliant on accuchecks pre and during, acceptable antibiotic and given 

correctly, pacu temp being within parameters, separate closure tray/instruments used, using correct 

prep and letting it dry 3 minutes. 

They plan to improve on wound protector (3/25 didn’t use), gown and glove change (4/25 didn’t 

change), oral antibiotics (2/25 didn’t do), bowel prep (1/25 didn’t do), CHG baths am and night before 

(1/25 didn’t do) and dc antibiotics by 24 hours (1/25). Additionally, redraping of incision prior to closure 

didn’t happen 7/25 times, 4 times the wrong dressing was used, 10/25 times the dressing hasn’t been 

removed at 48 hours and 19/25 times no chg bath after dressing removal. 

 
@2016-2017 ISQIC. Not for reuse or distribution without permission
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 We  realized  that  surgeons and nursing have different expectations,  so we had  representation
across the table for this team.
One mistake  we made  was  we  didn’t  include  our  Professional  development  team  (nursing
educators) in the early on stages and actually added them after we had education for the nursing
units already completed. They would have been helpful to have at the table from the beginning.

Materials Available in this Toolkit  
Click on the bulleted phrase to open the item  

 Patient/family education regarding the Chlorhexidine cloths they will be using at home to clean

their incisions after discharge 

 Elective Bowel Resection Checklist for case auditing

 SBAR communication to staff regarding the elective colectomy bundle

 Delnor Hospital’s project plan

For more information please contact: 
Naomi Kroncke RN 
Surgical Clinical Reviewer, ACS NSQIP 
Quality Management 
Northwestern Medicine Delnor Hospital 
Ph: 630.938.8748 
Naomi.kroncke@nm.org  

@2016-2017 ISQIC. Not for reuse or distribution without permission

Lessons Learned and Recommendations from Delnor Hospital  

 Make sure you have the buy‐in from everyone and that the surgeon leading the team can speak
to the ‘why’ of the bundle.  
We have 3 surgery groups that perform elective colectomies here at Delnor and all 3 groups were 
invited to be at the meetings. We have a relatively low number of elective colectomies that are 
done here (63 for 2015) and only have 4 that have come back with an SSI. Our surgeon leading 
the team was able to explain that having such a small number of cases means that even one case 
of SSI will have a large impact on the infection rates.  
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Advocate Illinois Masonic Medical Center  

Project Overview 

 According  to NSQIP data,  in early 2013  the  SSI  rate among 81  colon procedures  (01/01/12 –

12/31/12) was 30.9%.  

 Our QI Initiative began on 06/16/13 and was limited to elective colectomy procedures for control

purposes.

 In effort to improve surgical care we set a goal to decrease the SSI rate by at least 50% within 12

months.

 After  performing  a  Literature  Search  of  minimally  18  peer‐reviewed  articles  and  reviewing

Standards of Practice, we began a Process Improvement Charter to collaborate efforts to reduce

our SSI.

 A Colorectal SSI Reduction BUNDLE Plan was drafted  that  consisted of detailed activities  in 4

distinct areas: Preop, Intraop, Postop, and Post‐hospital.

 We ensured interdisciplinary consultation and collaboratively defined practice changes.

 We  developed  communication  tools,  educated  colleagues  regarding  practice  changes,  and

marketed the project launch date throughout perioperative services.

 Compliance  to  the care bundle was  tracked and audited using  the Cerner SharePoint site and

monthly metrics were reviewed with the stakeholders/process owners.

 At 8 months we had a real time SSI rate of 12% among 41 Colon procedures – a decrease > 50%

in our Colon SSI rate.

 Our SSI rate continued to decrease to 5.49% (ACS NSQIP Semiannual Report – July 2015)

 But our progress has slipped very slightly to 6.45% (6 events out of 93 cases), as shown by our

most recent ACS NSQIP Semiannual Report (January 2016).

 We  recognize  that  in  order  to  achieve  sustainability  we  must  have  ongoing  evaluation,

monitoring, and process modification when and where appropriate.

 We have just recently refocused our efforts in these areas with new energy.

What’s Next  

 Our lead colon surgeon is championing the ERACS (Early Recovery After Colon Surgery) Program

which launched at the beginning of March (2016).  

 The primary aim of ERACS is to decrease Length of Stay for Colorectal Surgery patients.

 This launch provided an excellent platform to revisit our Colorectal SSI Reduction BUNDLE with

re‐education of staff in the OR directed specifically at proper utilization of Bowel Technique and

coordination among all four perioperative domains regarding updates to the BUNDLE Checklist

and data collection.

Goal 

 Achieve a 5% Colorectal SSI rate decrease by June 30, 2016, as reflected in the January 2017 ACS

NSQIP Semiannual Report.

 Reduce Colorectal LOS from 18% to 12% by June 30, 2016, as reflected in the January 2017 ACS

NSQIP Semiannual Report

@2016-2017 ISQIC. Not for reuse or distribution without permission
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Materials Available in this Toolkit  
Click on the bulleted phrase to open the item  

 SSI Prevention PowerPoint

 Surgical Site Infection Reduction Bundle: Colorectal Surgery

 12 Warning Signs Patient Handout

 Colorectal Bundle Form

 ERACS: Enhanced Recovery After Colon Surgery Algorithm

For more information please contact: 
Margaret Wasserman, BSN, RN 
Senior Analyst, Peer Review & Certified ACS NSQIP Surgical Clinical Reviewer 
Advocate Illinois Masonic Medical Center 
Ph: 773.296.8373 
Margaret.Wasserman@advocatehealth.com 

@2016-2017 ISQIC. Not for reuse or distribution without permission
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1. Additional Toolkits

a) Johnson & Johnson Health Care Systems, Inc. – Provider Resource on SSI
http://www.theinternalroadmap.com/_data/default‐resource_file/0/302/018313‐140714‐
709770‐provider‐resources‐brochure‐v2.pdf

This toolkit is organized by phase of care (pre‐, intra‐, and post‐ operative) and provides significant
detail on the components within each phase. Additionally, measures are listed for each bundle
component that can help achieve compliance with best practice care. These practical bullets are
likely the most useful part of the toolkit.

b) Centers for Disease Control and Prevention – SSI Toolkit
http://www.cdc.gov/HAI/pdfs/toolkits/SSI_toolkit021710SIBT_revised.pdf

The CDC  toolkit  is presented  as  a  slide deck  and  includes  facts  and  figures  ideally  suited  for
presentations to increase buy‐in for your SSI bundle.

c) Johns Hopkins Medicine – SSI Prevention Toolkit
https://armstrongresearch.hopkinsmedicine.org/csts/ssi/resources.aspx

The Johns Hopkins Medicine toolkit includes useful appendices such as fact sheets, guidelines, a
presentation, and a quiz. Additionally, the site includes access to educational sessions (slides and
audio).

d) Centers for Medicare and Medicaid Services – SSI Toolkit
http://www.mnreducinghais.org/documents/SSI_Toolkit_QIOs.doc

This  resource  is best utilized  for  the  example materials  including  checklists  and  conversation
templates.

e) Minnesota Hospital Association – Road Map to a Comprehensive SSI Prevention Program
http://www.health.state.mn.us/divs/idepc/dtopics/hai/ssi/toolkit/roadmap.pdf

The Road Map  includes  specific  actions  and  audit questions  for each  component of  their  SSI
bundle. It is a useful set of concrete materials that could be very helpful for a hospital trying to
decide what actions to take.

f) US Department of Health & Human Services, Partnership for Patients – Implementation Guide to
SSI and Safe Surgery
http://web.mhanet.com/ssi_change_package_508.pdf

This guide is most valuable for the resources and links. Additionally, there are examples of order
sets and educational handouts  included  in the guide. Starting on page 12 there  is a table that
outlines the primary, secondary, and tertiary drivers associated with the aim of reducing SSI.
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g) American Health Research & Educational Trust – Surgical Site Infections Change Package: 2016
Update.
http://www.hret‐hen.org/topics/ssi/HRETHEN_ChangePackage_SSI.pdf

This change package includes strategies, action items, and concepts to implement SSI reduction
interventions. Page 5 includes an overview of primary and secondary drivers along with change
ideas for implementing bundle components. They also have an SSI Top Ten Checklist to identify
process changes that are in place, not done, or that will be adopted. The checklist can be accessed
here.
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2. Frequently Asked Questions

Q: What product should be used in the event of a Chlorhexidine allergy?  
A: In the event of a Chlorhexidine allergy, one should use Betadine prep. If there is also an allergy to 
Betadine prep, utilize 3% Chloroxylenol (PCMX) and scrub brushes.  

Q: For the SCIP compliant antibiotic measure, please provide a list of antibiotics that are appropriate 
to use.  
A: The Centers for Medicare and Medicaid have advised that the SCIP infection prevention measures 
have  been  retired,  and  thus  the  corresponding  antibiotics  lists  were  removed  from  the  current  
specifications  manuals.  Your  institution  may  already  have  an  approved  antibiotic  list  that  is  SCIP 
compliant. The 2013 multi‐society surgical antibiotic prophylaxis guidelines are an excellent resource 
to  determine  appropriate  antibiotics  usage  for  your  institution.  We  suggest  reaching  out  to  the  
Pharmacy at your institution for further information.  

Q:  Is  it possible  to  survey  the hospitals and  find out who  in  the OR  is documenting  the  “clean 
closure” protocol? Is it done by surgeons in the op reports, or by nursing in the OR record?   
A: Documentation of the clean closure protocol can be accomplished by any means you see fit. Some 
institutions are changing intraoperative nursing documentation to better integrate to better integrate 
this process  into  routine work‐flow. Some  institutions may not  find  the  time/energy necessary  to 
change the EMR for this and may simply request surgeons to routinely note this in their dictations. 
Other  institutions have developed paper tracking forms to accompany each patient. It  is up to you 
and your assessment of your institution’s capabilities and volumes.  There is no *right* answer, just 
what works for your group. 

Q:  If  colectomies are done with a  small extraction  site and  the use of a wound protector,  is  it 
necessary to use the clean closure protocol? Our surgeons are not using it for laparoscopic/hand 
assist cases because the  incisions are so small, and our infections are not happening at that site.  
Please advise. 
A: Undoubtedly, wound  infection  rates  are  lower with  laparoscopic  surgery,  but  for  the  sake  of 
standardization  we’d  suggest  separate  closing  instruments  are  used  for  the  skin  closure.  Plus, 
conversion rates for laparoscopic colectomy are not trivial, so one never know when one would need 
to  convert  to  a  laparotomy  and have  the  clean  instruments  available. Once  your  team  becomes 
accustomed to sequestering closing instruments (or having a separate tray) the process of using clean 
instruments is not terribly cumbersome. 

Q: At  the May  2016  conference, we were  told  by  the  guest  speaker  that  there was  a wound 
protector/drape  large  enough  to  accommodate  laparotomy  cases….can  you  get  us  that 
information? 
A: Yes. The 3M 1075/76  Steri‐Drape will  fit most  laparotomy wounds.  For  very  large  laparotomy 
wounds it can be moved around the incision. It is affordable, at a cost of approximately $6 USD. 
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Q: Regarding occlusive wound dressing, our practice here is to remove the dressing POD 2 if it’s a 
simple occlusive tegaderm/opsite…however, wound vacs stay on for 5 days.  Is that the practice for 
most hospitals, and if so, shall we exclude wound vacs for this variable? 
A: It depends on the VAC you are using. The Acelity (former KCI) Prevena is a wound vac that goes on 
the outside of a closed wound. This is considered an occlusive dressing. A wound vac that is placed 
inside an open would be considered an open wound in terms of data recording. 

Q: How do most hospitals plan on finding documentation that “OR traffic is kept to a minimum”? If 
your OR environmental policy states that OR traffic is kept to a minimum, would that be considered 
enough to answer YES to this variable? 
A: Correct. This is a “policy” type bundle element, not a measured metric. 

Q: Antibiotic prophylaxis administered one hour of incision…does that mean started or completed 
before incision? 
A: Perioperative SSI prophylactic IV antibiotics must be started and finished within 60 minutes PRIOR 
to incision for most antibiotics.  

For instance, an IV antibiotic that is “pushed” in entirety right before incision would be fine. Similarly, 
an IV piggyback that takes 15 minutes to run would be fine, provided it is completed in the 60 minute 
timeframe. 

There are two exceptions: Vancomycin and some fluoroquinolones can require longer infusion times. 
In these rare situations, the drip can be started 120 minutes  in advance, but should be completed 
within 60 minutes prior to making incision.  The 2013 AHSA multi‐society guideline article, which is 
attached  to  this  bundle,  provides  specific  dosing  and  timing  strategies  for  an  array  of  approved 
antibiotics.  

Q:  If a  case  is  laparoscopic,  the port  sites are usually dressed with mastisol/steri  strips….is  the 
occlusive dressing needed on port sites? 
A: For sake of standardization, we recommend that all incisions are dressed using occlusive dressings. 
Uniform  policy makes  it  easier  to  implement,  simplifies  data  collection,  and  eliminates  decision 
making. 

Q: What is the evidence for using occlusive dressing instead of permeable dressing?  
A: Occlusive dressing for 48 hours is included in the Duke Mantyh et al. protocol. We are seeking to 
use  affordable,  simple,  and  standardized  dressings  for  the  sake  of  standardization  and  to  best 
replicate the Mantyh protocol and their subsequent decrease in SSI rates. 

@2016-2017 ISQIC. Not for reuse or distribution without permission
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3. Additional Resources

a) CDC ‐ SSI Resource Page
http://www.cdc.gov/HAI/ssi/ssi.html

b) CMS – SSI Resource Page
https://partnershipforpatients.cms.gov/p4p_resources/tsp‐
surgicalsiteinfections/toolsurgicalsiteinfections.html

@2016-2017 ISQIC. Not for reuse or distribution without permission

http://www.cdc.gov/HAI/ssi/ssi.html
https://partnershipforpatients.cms.gov/p4p_resources/tsp-surgicalsiteinfections/toolsurgicalsiteinfections.html
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ISQIC Surgical Site Infection 
Reduction Bundle Toolkit





A faith-based health system serving individuals, families and communities 
 
Recipient of the Magnet award for excellence in nursing services by the American Nurses Credentialing center 


   


 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 


 


Surgical Services  


Call your physician if you experience:  


 Wound drainage  
 Wound opening  
 Wound redness or changes in the 


appearance of the surrounding skin or 
around the ostomy  


 No bowel movement or lack of gas/stool 
from the rectum for more than 24 hours  


 Increased abdominal pain  
 Vomiting  
 Abdominal swelling  
 High ostomy output and or dark urine or 


no urine  
 Fever greater than 101.5  
 You’re not able to take anything by mouth 


for more than 24 hours.  


Go to the Emergency Room if you: 


 Have shortness of breath or are unable to 
breathe  


 Have chest pain  


 


Concepts borrowed from Li LT, Mills WL, Gutierrez, AM, et al.  A Patient-Centered 
Early Warning System to Prevent Readmission after Colorectal Surgery: A National 
Consensus Using the Delphi Method.  J Am Coll Surg.  2013;216:210-216. 


 








COLORECTAL BUNDLE CHECKLIST



Date   


& Time


RN's 


Initials
Issue Addressed Notes


Pre-admission phone call


Family/caretaker included in call and education


Education given includes:


Hand hygiene


Explanation about procedure


Handouts/web sites about procedure


Post-operative wound care, including meticulously clean technique


Personal hygiene


Mobility to prevent VTE


Nutrition


"12 warning Signs" of infection


Pre-op preparation


    Bowel prep given, if ordered


Total body CHG shower on 2 consecutive nights before surgery


    Instructions given on how to obtain and bathe with CHG


PRE-ADMISSION


11/9/15







COLORECTAL BUNDLE CHECKLIST



Date   


& Time


RN's 


Initials
Issue Addressed Notes


Test glucose and administer insulin if necessary


Total body CHG bath using bath cloths (exclude head and 


perineum)


Pre-warm patient >36°C and <38°C (Bair Hugger, warm IV 


fluids)


What was patient's highest temperature? 


What was patient's lowest temperature?


Antibiotic prophylaxis according to height and weight <1 hr 


before incision (<2 hrs if vancomycin used)


What was the time of incision?


What antibiotic(s) was/were given and at what time(s)?


Antibiotic re-dosing as appropriate


Surgical skin prep


CHG scrub (Chloraprep®) over incision site


Iodophor impregnated sponge over stoma, if present


2-step iodophor prep for perineum, if lithotomy


Normothermia ( >36°C and <38°C) maintained throughout 


procedure using


Bair Hugger


Warm irrigating fluids


Warm IV fluids


What was patient's highest temperature? 


What was patient's lowest temperature?


Glycemic control maintained


Blood transfusion given if Hgb <7


Wound protector applied at incision, if ordered


Closing protocol (prior to closing of fascia)


Gowns and gloves changed by surgical team prior to closing


Surgical site re-blocked with fresh sterile towels


New sterile Electrocautery and suction used


New sterile "Closing Tray" used


Dressing applied before removing drapes


PRE-OP HOLDING


INTRAOP


11/9/15







COLORECTAL BUNDLE CHECKLIST



Date   


& Time


RN's 


Initials
Issue Addressed Notes


Normothermia maintained in PACU, on nursing unit


What was patient's highest temperature? 


What was patient's lowest temperature?


Glycemic control maintained


Out of bed <24 hrs post-op and ambulate asap to prevent VTE


Dressing removed <48 hrs by surgeon


Daily total body CHG baths using bath cloths


Urinary catheter DC'd <48 hrs 


If urinary catheter not DC'd, reason for need documented daily


Antibiotic prophylaxis stopped <48 hrs


Patient, family and caretaker re-educated on wound care


Patient, family and caretaker re-educated on "12 Warning 


Signs"


Meticulous hand hygiene emphasized


Home health ordered if needed


Post-discharge appointment with surgeon, PCP made


POST-OP


11/9/15







COLORECTAL BUNDLE CHECKLIST



Date   


& Time


RN's 


Initials
Issue Addressed Notes


Follow-up call from nurse <48 hrs


Patient's status on the following documented


Wound appearance


Wound care


Mobility


Nutrition


Mental status


Glycemic control if diabetic


Person caring for patient


Re-educate on all of the above 


12 Warning Signs


Call your physician if you have:


Wound drainage


Wound opening


Wound redness or changes in appearance of surrounding skin or ostomy


No bowel movement or lack of gas or stool for >24 hours


Increased abdominal pain


Abdominal swelling


Vomiting


High ostomy output and/or dark or no urine


Fever >101.5°F (38.6°C)


Inability to take anything by mouth for >24 hours


Go to the Emergency Room if you have:


Shortness of breath


Chest pain


POST-DISCHARGE


11/9/15








Surgical Site Infection Reduction Strategy Bundle: COLORECTAL SURGERY 
 
Preoperative Processes 
• Preadmission 


phonecall/interview by RN: 
 Hygiene education 
 Procedure education 
 VTE education 
 Nutrition education 
 Introduction of “12 


Warning Signs” 
 Preop preparation 


• Bowel prep (if ordered) 
• CHG Shower x2 
• How to get & use CHG 


• Preop Prep & Hold 
 Test glucose and give 


insulin, if appropriate 
 Clip surgical site hair 
 CHG bath cloths to abd 


area  
 Prewarm pt ≥ 36◦C and ≤ 


38◦C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Intraoperative Processes 


• Antibiotic prophylaxis & redosing, 
as appropriate 


• Surgical skin prep  
 Chloraprep to incision site 
 Iodophor impregnated sponge 


over stoma, if present 
 2-step Iodophor prep for 


perineum, if lithotomy 
• Normothermia maintained – Bair 


Hugger, warm irrigating fluids, 
warm IV fluids, room thermostat 
adjustment 


• Glycemic control maintained 
• Blood transfusion compliance 


maintained & noncompliance 
documented (HGB <7) 


• Wound protector utilized, if 
ordered 


• Bowel technique protocol utilized:  
 FIRST SET-UP - Utilized from 


beginning of procedure until the 
GI tract has been closed 


 SECOND SET-UP - Utilized once 
GI tract has been closed 
• Scrub nurse changes                       


own gown & gloves – then 
assists team in donning sterile 
gowns & gloves 


• Surgical site is re-blocked w/ 
sterile impervious towels 


• New suction tip, electrocautery, 
Asepto 


• Position SECOND SET-UP 
Mayo at sterile field 


• Dressing applied before removing 
drapes 


(Bair hugger drapes accompany pt to 
PACU if not contaminated) 


Postoperative Processes 


• Normothermia maintained in 
PACU and on nursing unit 


• Glycemic control maintained  
• VTE Prophylaxis Protocol 


compliance  
 VTE mechanical prophylaxis – 


SCDs 
 Out of bed < 24 hrs postop and 


ambulate ASAP to prevent 
VTE 
 Chemoprophylaxis – POD #0 – 


document noncompliance  
• Antibiotic prophylaxis stopped ≤ 


48 hrs  
• Urinary catheter dc’d < 48 hrs or 


daily documentation of need for 
continuance  


• Wound care 
 Dressing removed < 48 hrs 


postop by surgeon 
 Daily total body baths using 


CHG bath cloths 
 Pt, family, caretaker re-


educated on wound care 
 Meticulous hand hygiene 


emphasized – demonstrated & 
practiced 


• Educate to the “12 Warning 
Signs” 


• Home health ordered, if needed 
• Postdischarge appointment with 


surgeon, PCP made 
 


Postdischarge Processes  


• Follow-up phonecall from RN < 
48 hrs 


• Pt’s status on the following 
documented 
 Wound appearance 
 Wound care 
 Mobility 
 Nutrition 
 Mental status 
 Glycemic control, if diabetic 
 Person caring for pt 


• Review the “12 Warning Signs:” 
CALL THE MD IF YOU HAVE: 
1.  Wound drainage 
2.  Wound opening 
3.  Wound redness or changes in 


appearance of surrounding skin 
or ostomy 


4.  No BM or lack of gas/stool for 
 > 24 hrs 


5.  Increased abdominal pain 
6.  Vomiting 
7.  Abdominal swelling 
8.  High ostomy output and/or  


 dark or no urine 
9.  Fever > 101.5◦F (38.6◦C) 


 10. Inability to take anything by  
       mouth for > 24 hours 
  GO TO THE ED IF YOU: 
 11. Have shortness of breath or   
       are unable to breathe 
 12. Have chest pain 
 


 
 
 
 


 


 
Updated 2016.01.22PW 
 








ERACS Protocol: Enhanced Recovery After Colon Surgery        (Launch date: March 1, 2016)  Page 1 of 3 


ALGORITHM 


PREOPERATIVE 
PROCESSES 


Initial Pre-op 
Assessment – with 
Office Champion 


Patient/Family Education: ERACS packet provided by Nurse Navigator/Office Champion with teaching on nutrition, 
postoperative pain management, ambulation, and discharge criteria.  Identify Recovery Coach and include in all 
teaching/education. 


  


Week BEFORE 
Surgery – PreAnes 
Clinic / Pre-Adm 
phone call from 
AIMMC RN on DAY 
BEFORE surgery 


• REINFORCE RE: PREOP NUTRITION - i.e., no solid food after midnight, but clear fluids (high protein drink) are 
encouraged up to 8 hours before surgery 


• MECHANICAL BOWEL PREP if ordered by surgeon 
• PREOP SKIN PREPARATION - i.e., how to get & use CHG, CHG shower x2 
• HYGIENE EDUCATION RE: handwashing and wound care 
• VTE education - i.e. emphasize importance of SCDs, postoperative mobility, Incentive spirometry, chemoprophylaxis                                                  
• POSTOP NUTRITION - NPO, high protein drink                       


  


DAY OF 
SURGERY – PREP 
& HOLD 


• Education: review ERACS Protocol with patient, including pain management plan 
• Medications: (1) Administration of ENTEREG, 12mg capsule, w/ a sip of water, 30min – 5hr before surgery 


                      (2) Administration of GABAPENTIN, 600mg tablet, w/ a sip of water, 30min – 5hr before surgery  
• Test Glucose: Give insulin if appropriate 
• Surgical Site: 


• Clip hair, if appropriate 
• CHG bath cloths to abd area 


• Pre-warm patient: ≥36◦C & ≥38◦C 
 


INTRAOPERATIVE 
PROCESSES 


SURGERY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


ANESTHESIA (in coordination w/ Surgeon & Nursing) 
•  Antibiotic prophylaxis and redosing, as appropriate 
• Avoid excessive IV volumes 
• Use thoracic epidural when appropriate as part of combined general anesthesia; avoid nitrous oxide 
• Limit opioids 
• Maintain normothermia: Bair Hugger, warm IV fluids, room thermostat adjustment 
• Maintain glycemic control: treat as appropriate 
• Maintain blood transfusion policy compliance: transfuse for HGB < 7, document noncompliance 
• Remove NGT before patient leaves OR 


SURGEON 
• Wound protector according to surgeon preference 


NURSING 
• Surgical Skin Prep 


̶ Chloraprep to incision site 
̶ Iodophor impregnated sponge over stoma, if present 
̶ 2-step Iodophor prep for perineum, if lithotomy 


• Bowel Technique protocol utilized 
• (Sterile dressings applied before removing drapes) 
• (Bair Hugger drapes accompany patient to PACU if not contaminated) 
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ALGORITHM 


POSTOPERATIVE  
PROCESSES 


PACU • Limit IV infusion: IV bolus per physician order only 
• Follow through with pain management plan - avoidance of narcotics, subfascial local anesthetic, infusion pump, epidural 


analgesic and/or IV PCA setup, as ordered 
• Normothermia maintained 
• Glycemic control maintained 


 


SURGICAL 
FLOOR – POD #0 


PAIN MANAGEMENT: 
• Review Pain Management 


Plan w/ patient and recovery 
coach 


• Oral GABAPENTIN (600mg) 
in a.m.; ACETAMINOPHEN, 
prn 


    
• IV TORADOL (KETOROLAC) 
• Epidural or IV Opioids as 


per physician orders 


MOBILIZATION: 
• Physical Therapy 


consultation 
• Review Ambulation 


Plan w/ patient and 
   recovery coach 
• Patient out of bed at 


least twice if admitted 
   before 1400; at least 
   once if admitted after 
   1400 


NUTRITION/ 
GI RECOVERY: 
• Review Nutrition Plan 


w/ patient and recovery 
coach 


• “Postop Clear Liquid 
   ERACS tray” with high 


protein drink, no 
carbonated beverages & no 
straws 


•  Sugarless chewing 
gum  


OTHER: 
• Foley catheter: 


consider removing 
• Normothermia 


maintained 
• Glycemic control 


maintained 
• Discharge planning 


 


POD #1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


PAIN MANAGEMENT: 
• Oral GABAPENTIN (600mg) 
   in a.m.; ACETAMINOPHEN,   
   prn  
• IV TORADOL  
  (KETOROLAC) 
• Limit epidural  
  &/or IV opioids as 
  much as possible 


MOBILIZATION: 
• Time out of bed: Goal 


≥180 min 


NUTRITION/ 
GI RECOVERY: 
• “Postop Clear  
   Liquid ERACS  
   Tray” – Goal  
   approx 1500mL with 
   high protein drink 
• Medication: 


Administration of 
ENTEREG 12mg cap, 
BID, until return of bowel 
function  


• Saline Lock in  
   place of IV fluids 
•  Sugarless chewing 
   gum  
    


OTHER:  
• Foley catheter:   
  consider removing 
• Normothermia  
  maintained 
• Glycemic control 
  maintained 
• Wound Care: 
̶ Dressing removed < 48 


hrs postop by surgeon 
̶ Daily total body baths 


using CHG bath cloths 
̶ Pt, family, recovery 


coach educated on 
wound care 


̶ Meticulous hand 
hygiene emphasized - 
demonstrated & 
practiced 


• Educate to the  
  “12 Warning Signs” 
• Discharge planning 
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ALGORITHM 
 


POSTOPERATIVE 
PROCESSES – 


cont’d 


POD #2 PAIN MANAGEMENT:  
• Consider removing 


epidural &/or stopping IV 
opioids (epidural catheter not 
to be removed until ordered) 


• Oral GABAPENTIN (600mg)  
  in a.m.; ACETAMINOPHEN,  
  prn  
• IV TORADOL (KETOROLAC) 
• Oral narcotics as 
ordered by physician 


MOBILIZATION: 
• Time out of bed: Goal 


≥240 min 


NUTRITION/ 
GI RCEOVERY: 
• If tolerating Clear Liquid 


diet, advance to “Postop 
Solids ERACS Tray” - 
Modified tray with 


   high protein drink  
• Medication: 


Administration of 
ENTEREG 12mg cap, 
BID, until return of bowel 
function  


•  Sugarless chewing 
gum           


OTHER: 
• Foley catheter: remove 


or document non-
compliance 


• Normothermia  
  maintained 
• Glycemic control 


maintained 
• Discharge planning 


 


POD #3 PAIN MANAGEMENT: 
• Oral pain medication 


MOBILIZATION:  
• Time out of bed: Goal 


≥360 min 


NUTRITION/ 
GI RECOVERY: 
• “Postop Solids ERACS 


Tray” - Modified tray 
with 


   high protein drink  
• Medication: 


Administration of 
ENTEREG 12mg cap, 
BID, until return of bowel 
function  


• Sugarless chewing 
gum 


OTHER: 
• Discharge planning 
• Wound Care reinforced 
• “12 Warning Signs” 


reinforced 


 


Discharge Criteria 
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This document is confidential under the Illinois Medical Studies Act for the purposes of quality or peer review. 


Do not forward, copy, or distribute this document outside of this committee membership


SURGICAL SITE INFECTION 
PREVENTION


March 17, 2016







Summary
• Advocate Illinois Masonic Medical


Center is a 401 licensed bed 
hospital on the near North Side of 
Chicago. 


• Our 2015 surgical volume was 
12,879, consisting of all specialties (excluding 
transplant).


• In early 2013 we experienced a 30.9% SSI rate among 
81 colon procedures (01/01/12 – 12/31/12) as reported 
by our ACS NSQIP data. 







Summary
• In effort to improve surgical care we set a goal to decrease the SSI rate by 


at least 50% within 12 months. 
• After performing a Literature Search of minimally 18 peer-reviewed articles 


and reviewing Standards of Practice, we began a Process Improvement 
Charter to collaborate efforts to reduce our SSI. 


• A Colorectal SSI Reduction BUNDLE Plan was drafted that consisted of 
detailed activities in 4 distinct areas: Preop, Intraop, Postop, and Post-
hospital. 


• We ensured interdisciplinary consultation and collaboratively defined 
practice changes. 


• We developed communication tools, educated colleagues regarding 
practice changes, and marketed the project launch date throughout 
perioperative services. 


• Compliance to the care bundle was tracked and audited using the Cerner 
SharePoint site and monthly metrics were reviewed with the 
stakeholders/process owners.  







Preoperative Processes 
• Preadmission 


phonecall/interview by RN: 
 Hygiene education 
 Procedure education 
 VTE education 
 Nutrition education 
 Introduction of “12 


Warning Signs” 
 Preop preparation 


• Bowel prep (if ordered) 
• CHG Shower x2 
• How to get & use CHG 


• Preop Prep & Hold 
 Test glucose and give 


insulin, if appropriate 
 Clip surgical site hair 
 CHG bath cloths to abd 


area  
 Prewarm pt ≥ 36◦C and ≤ 


38◦C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Intraoperative Processes 


• Antibiotic prophylaxis & redosing, 
as appropriate 


• Surgical skin prep  
 Chloraprep to incision site 
 Iodophor impregnated sponge 


over stoma, if present 
 2-step Iodophor prep for 


perineum, if lithotomy 
• Normothermia maintained – Bair 


Hugger, warm irrigating fluids, 
warm IV fluids, room thermostat 
adjustment 


• Glycemic control maintained 
• Blood transfusion compliance 


maintained & noncompliance 
documented (HGB <7) 


• Wound protector utilized, if 
ordered 


• Bowel technique protocol utilized:  
 FIRST SET-UP - Utilized from 


beginning of procedure until the 
GI tract has been closed 


 SECOND SET-UP - Utilized once 
GI tract has been closed 
• Scrub nurse changes                       


own gown & gloves – then 
assists team in donning sterile 
gowns & gloves 


• Surgical site is re-blocked w/ 
sterile impervious towels 


• New suction tip, electrocautery, 
Asepto 


• Position SECOND SET-UP 
Mayo at sterile field 


• Dressing applied before removing 
drapes 


(Bair hugger drapes accompany pt to 
PACU if not contaminated) 


Postoperative Processes 


• Normothermia maintained in 
PACU and on nursing unit 


• Glycemic control maintained  
• VTE Prophylaxis Protocol 


compliance  
 VTE mechanical prophylaxis – 


SCDs 
 Out of bed < 24 hrs postop and 


ambulate ASAP to prevent 
VTE 
 Chemoprophylaxis – POD #0 – 


document noncompliance  
• Antibiotic prophylaxis stopped ≤ 


48 hrs  
• Urinary catheter dc’d < 48 hrs or 


daily documentation of need for 
continuance  


• Wound care 
 Dressing removed < 48 hrs 


postop by surgeon 
 Daily total body baths using 


CHG bath cloths 
 Pt, family, caretaker re-


educated on wound care 
 Meticulous hand hygiene 


emphasized – demonstrated & 
practiced 


• Educate to the “12 Warning 
Signs” 


• Home health ordered, if needed 
• Postdischarge appointment with 


surgeon, PCP made 
 


Postdischarge Processes  


• Follow-up phonecall from RN < 
48 hrs 


• Pt’s status on the following 
documented 
 Wound appearance 
 Wound care 
 Mobility 
 Nutrition 
 Mental status 
 Glycemic control, if diabetic 
 Person caring for pt 


• Review the “12 Warning Signs:” 
CALL THE MD IF YOU HAVE: 
1.  Wound drainage 
2.  Wound opening 
3.  Wound redness or changes in 


appearance of surrounding skin 
or ostomy 


4.  No BM or lack of gas/stool for 
 > 24 hrs 


5.  Increased abdominal pain 
6.  Vomiting 
7.  Abdominal swelling 
8.  High ostomy output and/or  


 dark or no urine 
9.  Fever > 101.5◦F (38.6◦C) 


 10. Inability to take anything by  
       mouth for > 24 hours 
  GO TO THE ED IF YOU: 
 11. Have shortness of breath or   
       are unable to breathe 
 12. Have chest pain 
 


 
 
 
 


 







Summary


Our QI Initiative began on 06/16/13 and was 
limited to elective colectomy procedures for 
control purposes.







Summary


At 8 months we had a real time SSI rate of 12% 
among 41 Colon procedures –
a decrease > 50% in our Colon SSI rate. 







Our QI Initiative continues…
• Our SSI rate continued to decrease to 5.49% (ACS 


NSQIP Semiannual Report – July 2015) 
• But our progress has slipped very slightly to 6.45% (6 


events out of 93 cases), as shown by our most recent 
ACS NSQIP Semiannual Report (January 2016).


• We recognize that in order to achieve sustainability we 
must have ongoing evaluation, monitoring, and process 
modification when and where appropriate. 


• We have just recently refocused our efforts in these 
areas with new energy.







Occurrence: Colorectal Surgical site infections
Percentage Colorectal patients experiencing postoperative SSIs


SSIs include Superficial Incisional SSI, Deep Incisional SSI, and Organ/Space SSI.







What’s next…
• Our lead colon surgeon is championing the ERACS (Early 


Recovery After Colon Surgery) Program which launched at 
the beginning of March (2016). 


• The primary aim of ERACS is to decrease Length of Stay for 
Colorectal Surgery patients. 


• This launch provided an excellent platform to revisit our 
Colorectal SSI Reduction BUNDLE with 
– re-education of staff in the OR directed specifically at 


proper utilization of Bowel Technique and
– coordination among all four perioperative domains 


regarding updates to the BUNDLE Checklist and data 
collection. 







JANUARY 2016 Semiannual Report
07/01/2014 through 06/30/2015
Occurrence: Length of Stay


Area Total 
Cases Events Observed 


Rate
Expected 


Rate
Odds 
Ratio Decile Comments


Colorectal 73 13 17.81% 18.37% 0.97 5 As 
Expected







Our Goals
• Achieve a 5% Colorectal SSI rate decrease 


by June 30, 2016, as reflected in the January 
2017 ACS NSQIP Semiannual Report.


• Reduce Colorectal LOS from 18% to 12% by 
June 30, 2016, as reflected in the January 
2017 ACS NSQIP Semiannual Report.







Questions/Comments:


Margaret Wasserman, BSN, RN 
Senior Analyst, Peer Review  & Certified ACS NSQIP Surgical Clinical Reviewer
Advocate Illinois Masonic Medical Center 
836 W Wellington Ave 
Dept of Medical Management, Room 1302  
Chicago, IL 60657
Ph: 773.296.8373 
Margaret.Wasserman@advocatehealth.com
http://www.advocatehealth.com/aimmc/



mailto:Margaret.Wasserman@advocatehealth.com

http://www.advocatehealth.com/aimmc/
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[Enter hospital logo and name here] 


Getting Ready for Surgery at Home 
BOWEL PREPARATION 
You will need to have a specialized bowel preparation or “prep” (laxative) the day before your surgery. 
Bowel preps are proven to decrease complication rates after colon and rectal surgery. This is similar to the 
preparation needed for a colonoscopy but also includes antibiotic pills. Your surgical team will provide and 
review the prescription with you. Follow the instructions about what to eat and drink before your surgery. 
This will give you the energy and nutrients you need to recover quickly. 
 


1. One day before surgery: Eat a clear liquid diet all day until midnight. 
a. Clear liquids include things you can see through, such as: 


i. Soft drinks (orange, ginger ale, cola, Sprite) 
ii. Gatorade 


iii. Kool-Aid 
iv. Strained fruit juices without pulp (apple, white grape, orange, lemonade) 
v. Water, tea, or coffee (no milk or non-dairy creamer) 


vi. Low sodium chicken or beef bouillon/broth 
vii. Hard candies 


viii. Jell-O plain without fruit or topping 
ix. Popsicles – no sherbets or fruit bars 


b. No solid foods, milk, or dairy products (this includes coffee creamer and milk). 
c. Continue to take your medicine as directed by your doctor. 


 
2. One day before surgery: Take the oral antibiotics, [enter antibiotics here]. 


a. [Insert information on timing of antibiotics and expected prescription if there is an allergy 
to the first line antibiotics] 


 
3. One day before surgery: Start the polyethylene glycol (PEG) bowel prep at 4 pm. 


a. Mix as directed. It may then be refrigerated. You may mix lemonade powder (or other 
flavored powder, for example, Crystal Light) to the mix but only enough to tolerate the 
flavor. 


b. Begin drinking this at 4 pm. Drink about 8 ounces every 10 minutes until bowel 
movements are clear. This will usually be about 4 liters (1 gallon). 


c. You may continue a clear liquid diet (as described above) after completing the bowel prep. 
Drink plenty of clear fluids (as described above) in addition to the bowel prep. 


 


It is important that follow these instructions to prevent infection and that 
you drink or eat nothing _____ hours before your scheduled surgery start 
time. 


 


If you have any questions, ask your doctor or nurse by calling 
[Enter phone number or other contact method here] 


 





		BOWEL PREPARATION
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		i. Soft drinks (orange, ginger ale, cola, Sprite)
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		vii. Hard candies
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		c. Continue to take your medicine as directed by your doctor.

		2. One day before surgery: Take the oral antibiotics, [enter antibiotics here].

		a. [Insert information on timing of antibiotics and expected prescription if there is an allergy to the first line antibiotics]

		3. One day before surgery: Start the polyethylene glycol (PEG) bowel prep at 4 pm.

		a. Mix as directed. It may then be refrigerated. You may mix lemonade powder (or other flavored powder, for example, Crystal Light) to the mix but only enough to tolerate the flavor.

		b. Begin drinking this at 4 pm. Drink about 8 ounces every 10 minutes until bowel movements are clear. This will usually be about 4 liters (1 gallon).

		c. You may continue a clear liquid diet (as described above) after completing the bowel prep.

		Drink plenty of clear fluids (as described above) in addition to the bowel prep.

		It is important that follow these instructions to prevent infection and that you drink or eat nothing _____ hours before your scheduled surgery start time.






 
 


[Enter hospital logo and name here] 


Getting Ready for Surgery at Home 
PRE-OP WASHING 
It is important to follow the instructions for washing before for surgery at home to prevent infections. 
You will take 2 showers with the chlorhexidine soap prescribed by your surgeon. Use one entire bottle 
of chlorhexidine soap for each shower. 


The night before surgery you should: 


• Take a bedtime shower using one entire bottle (4 oz) of chlorhexidine soap. 


• First, wash your face and hair with regular soap and shampoo and fully rinse clean. 


• Then, scrub your body from the neck down, including your belly button with chlorhexidine. 


• Let the chlorhexidine soap suds soak on your skin for one minute prior to rinsing off soap. 


• Do not use the chlorhexidine soap on your head or face 


• Do not shave the belly area where the operation will be done. 


• Do not apply body lotions or hair conditioners after shower. 


• Wear clean clothes to bed. 


The morning of surgery you should: 


• Shower just like above using one entire bottle (4 oz) of chlorhexidine soap  


• Do not wear lotion, perfume, makeup, nail polish, jewelry or piercings. 


• Do not shave the belly area where the operation will be done. 


• Put on clean clothes. 


It is very important to follow these instructions to prevent infection. 


 


 


 


 


 


 


 


 


 


 


 
 


If you have any questions, ask your doctor or nurse by calling 
[Enter phone number or other contact method here] 


If you have any questions, ask your doctor or nurse by calling 
[Enter phone number or other contact method here] 


 





		PRE-OP WASHING

		It is very important to follow these instructions to prevent infection.






Elective Bowel Resection Checklist  
 
Pre-Admission Testing: *To be filled out at the Pre-admission testing appointment 
Date: _____________  Surgeon________________ PAT appointment? Date: _____________ Time: _______ 
Pre and post-operative chlorahexidine wipes given to patient at pre admission testing appointment? YES___   NO___ 
Order placed for bair hugger? YES___   NO___ 
Patient’s name written on bottom right corner of this sheet? YES___   NO___ 
 
Pre-Operative (outpatient: Done by patient day prior to surgery):  *to be filled out by Same Day Surgery RN 
Patient sticker placed over hand written name in bottom right corner of this sheet?   YES___    NO___ 
Metronidazole 1000 mg and Neomycin 1000 mg by mouth at 12 pm yesterday?   YES___ NO___ 
Metronidazole 1000 mg and Neomycin 1000 mg by mouth at 6 pm yesterday?   YES___ NO___ 
Metronidazole 1000 mg and Neomycin 1000 mg by mouth at 11 pm yesterday?  YES___ NO___ 
Polyethylene glycol 4 L day before surgery?  YES___   NO___ 
Chlorhexidine skin wash/wipe at home night before surgery?  YES___   NO___ 
Chlorhexidine skin wash/wipe on am of surgery in pre-operative area?  YES___   NO___ 
Bair Hugger applied in pre-operative area?  YES___   NO___  
Accucheck done on diabetic patients in pre-operative area?   YES___    NO____   N/A____ 
 
This section completed by:   ___________________________   (Nurse in Same Day/Pre-op) 
_________________________________________________________________________________________________________________ 
Intra-Operative (inpatient: during surgery):              *to be completed by OR RN 
Name of Prophylactic antibiotic(s): _____________________________________ Time given: _________________ 
OR traffic limited to essential personnel?  YES___   NO___ Total # of people in room for entire case _____ 
Hair removal performed using clippers?  YES___   NO___ 
Skin Preparation (using 2% chlorhexidine/70% isopropyl alcohol)? YES___   NO___    N/A____ 
Skin Preparation (using Betadine/Ray-Tek/Loban over abdomen if any stoma in field)?  YES___   NO___   N/A___ 
Three minute dry time prior to draping?   YES____    NO____ 
Wound protector used?   YES___   NO____   
Dedicated wound closure tray (separate closure devices used)?   YES___   NO___ 
Gown and glove change prior to closure?   YES___   NO___ 
Fresh towels around incision prior to closure?   YES___   NO___ 
Sterile occlusive dressing (tegaderm/gauze)?   YES___   NO___ 
Intra-operative temperature of patient ≥ 36 C?  YES___    NO____ 
Intra-operative blood sugars <200 mg/dl for diabetics?   YES___   NO___   N/A___ 
Anesthesia end time? ____________ 
 
This section completed by: ____________________________ (Nurse in OR) 
────────────────────────────────────────────────────────────────── 
INPATIENT:                 *to be completed by Staff RN 
Post Op antibiotic(s) discontinued within 24 hours of Anesthesia End Time? YES ___ NO ___                   
Last dose date: _________________     Last dose time: ____________ 
      If NO, is there a therapeutic reason for continuing the antibiotic documented by the MD? YES ____   
Occlusive dressing (Tegaderm/Gauze) removed within 48 hours? YES___   NO___   
      If NO, is there contraindications to removal documented by MD?  YES ____ NO ____  
Daily wound wipe (SAGE 2% Chlorhexidine cloths) teaching done? YES___   NO___ 
 
Completed by:   ___________________________  ____________________________________ 
                                 (Staff Nurse)     (Staff Nurse) 
 


Verified by:  ___________________________ 
 
Please return to Naomi Kroncke Delnor Quality Department  
Form created: 02/2016 
 


NOT A PART OF THE PERMANENT MEDICAL RECORD 


 
 
         Place patient sticker here         








Work Plan


Complete Concerns
On Track At Risk


ID # Action/Milestone Notes Start Date Due Date Owner Status


1.0 OR 


1.1 Create OR traffic signage 
Need to display traffic signage along with create a culture of limiting OR traffic, signs 
created now need to laminate and post.


Sue LaSalle On Track


1.2 Create wound closure tray  Separating the closure instruments from orginal tray and placing on mayostand Sue LaSalle On Track
1.3 Clarify Skin Prep "times two" Need to confirm the intent of "times two" on the checklist Intra‐Operative section  Dr. Shoener On Track
1.4 Accucheck in every room  Make sure there is an accucheck in every room  Dr. Helm  Complete
2.0 PAT 


2.1 Initiate checklist 
Create process and accountability for placing checklist in patient binder for all bowel 
resection patients. Met with PAT and 1st patient for go live. 


Dr. Helm  Complete


2.2 Education for wipes RN will need to include post op wipe education into PAT process  Tori Complete
2.3 Post Op wipes  Include post op wipes in pre‐op, need to confirm QTY  Tori Complete
2.4 RN Education  Talk to Dan about educating PAT nurse on role and responsibilities on checklist  Dr. Helm  Complete


2.5 Pre‐Warming Education 


Identify method and device for pre‐warming process (order placed in PAT)
‐Bairhugger warmer should go into a bairhugger blanket
‐Consider fluid warmer
‐Look at Sherman process for warming 


Dr. Helm / 
Tori 


Complete


3.0 IP 


3.1 Education for wipes and dressings Provide education to RN's (went to 3600's unit meetings, sent out SBAR)
Dr. Shoener/ 


Naomi
Complete


3.2 Post OP to 3600  Request that all Colon patients go to 3600 post‐op  Dr. Shoener Complete
3.3 3600 RN Leadership  Provide education and expecations to unit leadership  Dr. Shoener Complete
3.4 Unit clerks  Provide expectations on collecting and sending resection checklist to Quality  Naomi Complete
4.0 Communication 


3.5 OR Committee 
Present high level overview for awareness along with go‐live dates, and checklist for 
reference 


Dr. Shoener On Track


3.6 Surgery Committee 
Present high level overview for awareness along with go‐live dates, and checklist for 
reference 


Dr. Shoener‐
Naomi


Complete


4.6 Email Surgeons 
Email all surgeons high level overview for awareness along with go‐live dates, and 
checklist for reference 


Dr. Shoener Complete


5.6 Message Boards  Post on message boards for visibility and awareness Dr. Shoener On Track
5.0 Data Tracking 


5.1 Baseline 
Provide FY 15 and FY16 YTD data along with operation definitions used to identify what 
qualifies as an infection 


Naomi Complete


5.2 Scorecard Create dashboard for ongoing tracking and reporting of real time results  Naomi On Track


5.3 Data analysis  Provide data analysis on how Delnor compares to other NM sites and outside hospitals  Naomi On Track


Last updated: 2/19/2016


Project Goal: Implement Colon Bundle @ Delnor on April 4th, 2016
Status Key:


Delnor Colon Bundle Team 


0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%


Overall Project Status








Patient/Family Education 
Post-Surgical site care


During the week after your dressing removal that you are using the 
chlorhexidine cloths, feel free to shower as you wish. 


It is best to do the wipes after showering 


Please use the enclosed chlorhexidine cloths daily for seven days 
following the removal of your dressing


Directions for using the chlorhexidine cloth wipes:


1.  Lift or remove your shirt, pull the waist of your pants down    


below the incision if necessary.


2. Wash your hands with soap and water.


3. Remove one wipe from the package. Please reseal the 


package to prevent the other wipe from drying out.


4. Starting at the incision site, moving outward in a circular 


fashion, gently use the cloth to wipe your abdomen.


5. Allow site to air dry.


6. Discard used wipe








Situation:  
The Northwestern Medicine Delnor Hospital elective colectomy bundle is going live April 4th, 
2016.  


Background: 


The Northwestern Medicine surgical collaborative comprised of all five hospitals have worked 
together to formulate an elective colectomy bundle. The collaborative with representation 
from all hospitals within the Northwestern Medicine system has worked out an 18 element 
bundle. All elective bowel resections will have the 18 elements implemented at the pre-
admission testing appointment with the last of the elements completed upon discharge.  


Assessment: 
An elective bowel resection checklist has been created to track compliance with the bundle 
(see attachment). 


Recommendations: 
1. Pre-admission testing initiates the elective bowel resection checklist, fills out the top 


area, writes patient name on lower right corner in the box and places in the patient 
chart (red or blue in color). 


2. Same Day surgery RN fills out the pre-operative section labeled to be filled out by Same 
day surgery RN, places a patient label in the lower right corner and then places the form 
back in the patient chart. 


3. OR RN fills out the Intra-operative section labeled to be completed by OR RN and then 
places the form back in the patient chart.  


4. Inpatient RN fills out the last section labeled to be completed by Staff RN and places the 
form back in the patient chart.  


5. Upon discharge the unit clerk or PCT will collect these forms and interoffice mail them 
to Naomi Kroncke in the Quality department at Delnor.  


 


*Any questions please call Naomi ext. 88748 or Tori ext. 83875 
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Evidence for a Standardized Preadmission Showering
Regimen to Achieve Maximal Antiseptic Skin Surface
Concentrations of Chlorhexidine Gluconate,
4%, in Surgical Patients
Charles E. Edmiston Jr, PhD; Cheong J. Lee, MD; Candace J. Krepel, MS; Maureen Spencer, MEd; David Leaper, MD; Kellie R. Brown, MD;
Brian D. Lewis, MD; Peter J. Rossi, MD; Michael J. Malinowski, MD; Gary R. Seabrook, MD


IMPORTANCE To reduce the amount of skin surface bacteria for patients undergoing elective
surgery, selective health care facilities have instituted a preadmission antiseptic skin cleansing
protocol using chlorhexidine gluconate. A Cochrane Collaborative review suggests that existing
data do not justify preoperative skin cleansing as a strategy to reduce surgical site infection.


OBJECTIVES To develop and evaluate the efficacy of a standardized preadmission showering
protocol that optimizes skin surface concentrations of chlorhexidine gluconate and to compare
the findings with the design and methods of published studies on preoperative skin preparation.


DESIGN, SETTING, AND PARTICIPANTS A randomized prospective analysis in 120 healthy
volunteers was conducted at an academic tertiary care medical center from June 1, 2014, to
September, 30, 2014. Data analysis was performed from October 13, 2014, to October 27, 2014.
A standardized process of dose, duration, and timing was used to maximize antiseptic skin
surface concentrations of chlorhexidine gluconate applied during preoperative showering.
The volunteers were randomized to 2 chlorhexidine gluconate, 4%, showering groups (2 vs 3
showers), containing 60 participants each, and 3 subgroups (no pause, 1-minute pause, or
2-minute pause before rinsing), containing 20 participants each. Volunteers used 118 mL of
chlorhexidine gluconate, 4%, for each shower. Skin surface concentrations of chlorhexidine
gluconate were analyzed using colorimetric assay at 5 separate anatomic sites. Individual groups
were analyzed using paired t test and analysis of variance.


INTERVENTION Preadmission showers using chlorhexidine gluconate, 4%.


MAIN OUTCOMES AND MEASURES The primary outcome was to develop a standardized
approach for administering the preadmission shower with chlorhexidine gluconate, 4%,
resulting in maximal, persistent skin antisepsis by delineating a precise dose (volume) of
chlorhexidine gluconate, 4%; duration (number of showers); and timing (pause) before rinsing.


RESULTS The mean (SD) composite chlorhexidine gluconate concentrations were
significantly higher (P < .001) in the 1- and 2-minute pause groups compared with the
no-pause group in participants taking 2 (978.8 [234.6], 1042.2 [219.9], and 265.6 [113.3]
μg/mL, respectively) or 3 (1067.2 [205.6], 1017.9 [227.8], and 387.1 [217.5] μg/mL,
respectively) showers. There was no significant difference in concentrations between 2 and 3
showers or between the 1- and 2-minute pauses.


CONCLUSIONS AND RELEVANCE A standardized preadmission shower regimen that includes 118
mL of aqueous chlorhexidine gluconate, 4%, per shower; a minimum of 2 sequential showers;
and a 1-minute pause before rinsing results in maximal skin surface (16.5 μg/cm2) concentrations
of chlorhexidine gluconate that are sufficient to inhibit or kill gram-positive or gram-negative
surgical wound pathogens. This showering regimen corrects deficiencies present in current
nonstandardized preadmission shower protocols for patients undergoing elective surgery.


JAMA Surg. doi:10.1001/jamasurg.2015.2210
Published online August 26, 2015.
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T he concept of the preadmission shower as a risk reduction
strategywasaddressedinthe1999CentersforDiseaseCon-
trolandPreventionHospitalInfectionControlPracticesAd-


visory Committee document. “A preoperative antiseptic shower
orbathdecreasesskinmicrobialcolonycounts. Inastudyofmore
than 700 patients who received 2 preoperative antiseptic show-
ers, chlorhexidine reduced bacterial colony counts 9-fold, while
povidone-iodine or triclocarban-medicated soap reduced colony
counts by 1.3- and 1.9-fold, respectively.”1(p257) This process was
designated by the Centers for Disease Control and Prevention
guidelines as a category 1B clinical practice and “strongly recom-
mended.”Althoughthereisuniversalagreementthatachlorhexi-
dine gluconate, 2% or 4%, whole-body bath or shower will reduce
bacterial colonization of the skin, there are no definitive data sug-
gesting that this practice is an effective strategy for reducing post-
operativesurgicalsiteinfections.1,2 ThemostrecentCochraneCol-
laborativereview3 reviewed7clinicaltrials:6wereconductedover
a 9-year period from 1983 to 1992 and 1 trial4 was published in
2009; the review suggested that existing evidence-based data did
not justify continuation of this practice. A meta-analysis5 pub-
lished in 2013 evaluated 16 clinical trials from 1979 to 2011 involv-
ing 9980 patients and reached a similar conclusion: whole-body
showering or cleansing showed no benefit in preventing postop-
erativesurgicalsiteinfection.However,aseparateanalysis6 found
that many of the previous clinical studies were technically and
scientificallyflawedandthatarigorousstandardizationofthepre-
admission showering process was lacking. A clinical analysis7


found that a nonstandardized approach to the application of
chlorhexidine gluconate during showering resulted in skin sur-
face concentrations that were inadequate for inhibiting most an-
ticipated gram-positive and gram-negative surgical pathogens.
Although several evidence-based analyses appear not to support
the routine use of a chlorhexidine gluconate, 4%, preadmission
whole-body cleansing or showering, 2 pivotal factors should be
consideredwhenevaluatingthislow-risk,low-costintervention2,8:
1. Chlorhexidine gluconate skin surface concentrations accu-


mulate with repetitive application; therefore, a single ap-
plication may not approach concentrations sufficient to in-
hibit skin flora.


2. Chlorhexidine gluconate binding to skin protein is influ-
enced by the amount of the antiseptic agent the skin is ex-
posed to and the duration of exposure before rinsing.


Although the preadmission shower has been instituted by
many health care institutions for patients undergoing elec-
tive surgery, 3 unresolved questions remain:
1. Is there a measureable difference in the skin surface con-


centrations of chlorhexidine gluconate in patients who
shower 2 or 3 times before hospital admission?


2. Would a pause before rinsing enhance skin surface concen-
trations of chlorhexidine gluconate compared with imme-
diately rinsing off the antiseptic agent following applica-
tion?


3. Is a definite volume of chlorhexidine gluconate, 4% (118 mL)
important for achieving maximal skin surface concentra-
tions?


The objective of the present study was to address these 3
unresolved questions from a pharmacokinetic perspective in
a randomized prospective study involving healthy volun-


teers who showered 2 or 3 times using aqueous chlorhexidine
gluconate, 4%, in an effort to maximize the benefit of the pre-
admission shower as an effective risk reduction strategy.


Methods


Randomized Study Groups
The study protocol was reviewed and approved by the Medical
College of Wisconsin institutional review board. The study was
conducted from June 1, 2014, to September, 30, 2014. Data analy-
sis was performed from October 13, 2014, to October 27, 2014.


After providing written informed consent, 120 healthy vol-
unteers were randomized to either 2 showers (group A) or 3
showers (group B). The participants were further random-
ized into 3 subgroups:


Group A. Chlorhexidine gluconate, 4%, 2-shower arm (night/
morning; 60 participants)
A1. No pause (n = 20)


A2. 1-minute pause (n = 20)


A3. 2-minute pause (n = 20)


Group B. Chlorhexidine gluconate, 4%, 3-shower arm (2 nights/1
morning; 60 participants)
B1. No pause (n = 20)


B2. 1-minute pause (n = 20)


B3. 2-minute pause (n = 20)


Chlorhexidine Gluconate, 4%, Showering Protocol
All participants received both oral and written instructions on
applying chlorhexidine gluconate, 4%; the time until rinsing (0,
1 minute, or 2 minutes); and safety information. Study volunteers
showering twice were given 2 bottles of chlorhexidine gluconate,
4% (each 118 mL), and individuals showering 3 times were given
3 bottles of the same size. The bottles were distributed 48 hours
before the first shower. The participants were instructed to use
the entire bottle of chlorhexidine gluconate, 4%, during each
showering episode. The bottles were individually numbered (1,
2, or 3). All volunteers were required to return to the surgical mi-
crobiology research laboratory in the department of surgery
within 3 to 4 hours after the morning (last) shower to assess
chlorhexidine gluconate skin surface concentrations; they were
instructed to bring the empty bottles. The volunteers applied
chlorhexidine gluconate, 4%, using a clean washcloth that was
supplied in each cleansing kit (Clorox Healthcare 4% CHG Skin
Cleaning Kit; The Clorox Company). Aqueous chlorhexidine glu-
conate, 4%, was applied to the entire torso with the caveat not
toapplytheagenttothefaceoraroundtheears.Participantswere
instructed to immediately rinse and report any burning, tingling,
or discomfort following application of chlorhexidine gluconate,
4%, to the principal investigator (C.E.E.) or study coordinator
(C.J.K.).


Measurement of Chlorhexidine Gluconate
Skin Surface Concentrations
The chlorhexidine gluconate skin surface concentration
assay is based on an adaptation of a US official monograph
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for the identification of chlorhexidine gluconate solution.9


The standard method was modified to allow portability and
ease of use by clinicians for point-of-use testing. In brief, a
swab (Bio-Swab; Arrowhead Forensics Inc) was used to
obtain a sample from a defined skin surface area (2-cm2 tem-
plate) on the right and left antecubital fossae, right and left
popliteal fossae, and abdomen by rolling the swab back and
forth across the skin for 15 seconds. The swabs were then
immediately placed in a screw-cap container to prevent des-
iccation before analysis. One hundred microliters of freshly
prepared indicator solution (5 parts cetyltrimethylammo-
nium bromide, 1% [Sigma-Aldrich Co]; 2 parts sodium hypo-
bromite [Fisher Scientific]) was added to each swab. A light
pink to intense red color indicates the presence of chlorhexi-
dine gluconate, with intensity of the color reflective of the
relative concentration of chlorhexidine gluconate on the sur-
face of the skin. The color reaction on each swab was com-
pared with a freshly prepared chlorhexidine gluconate stan-
dard, which ranged from 2.5 to 10 000 μg/mL. The assay was
read by an independent blinded observer who compared test
swabs with the chlorhexidine gluconate standard. A fresh
standard solution was prepared daily before testing of vol-
unteer sample swabs.


Statistical Analysis
The principal investigator was blinded to all randomization
codes until the final volunteer was processed, at which point
the codes were broken and individual groups were analyzed.
Analysis of variance and 1-sided paired t test were used to
analyze the difference between the relative mean concentra-
tions of chlorhexidine gluconate skin surface concentrations
in the no pause groups, A1 and B1 compared to pausing 1 or 2
minutes prior to rinsing in groups A2, B2 and A3, B3; level of
significance was assessed at P ≤ .05. Statistical analysis was
conducted using the MINITAB Statistical Program, release 12
(MINITAB Inc).


Results
Six participants did not return their empty bottles of
chlorhexidine gluconate, 4%; although they verbally indi-
cated adherence to the protocol, failure to return the bottles


was viewed as a protocol violation and they were excluded
from analysis. Six replacement volunteers (groups A1, 1; A3,
2; B1, 1; B2, 1; and B3, 1) were added at the end of the study to
complete the requirement of 20 volunteers per group. Three
participants (5.0%) in the 2-shower group and 2 volunteers
(3.3%) in the 3-shower group reported slight tingling and irri-
tation on the torso following application of aqueous
chlorhexidine gluconate, 4%, but did not view this as a sig-
nificant event requiring notification of the principal investi-
gator or study coordinator.


Table 1 documents the mean time differential between
the last shower and chlorhexidine gluconate, 4%, skin sur-
face analysis for study participants. No significant difference
was observed in the time differential between final shower
and laboratory analysis of chlorhexidine gluconate skin sur-
face concentrations between groups A1 to A3 or B1 to B3.
Most volunteers returned to the laboratory within 2 hours
after taking their last shower. Figure 1 illustrates the mean
skin surface concentrations of chlorhexidine gluconate in
the left and right antecubital fossae, right and left popliteal
fossae, and abdomen in participants who were instructed to
shower twice. In participants who showered twice with no
pause before rinsing (A1), the mean skin surface chlorhexi-
dine gluconate concentrations were 285.6, 251.3, 292.6,
289.9, and 211.7 μg/mL in the left and right antecubital fos-
sae, left and right popliteal fossae, and abdomen, respec-
tively. In comparison, in volunteers who paused for 1 minute
(A2), the mean skin surface concentrations in the left and
right antecubital fossae, right and left popliteal fossae, and
abdomen were 968.1, 1074.8, 1107.9, 939.6, and 816.6 μg/mL,
respectively. The mean skin surface chlorhexidine gluconate
concentrations in participants who paused for 2 minutes
(A3) before rinsing were 1088.7, 889.3, 999.7, 1053.3, and
1181.9, μg/mL in the left and right antecubital fossae, right


Table 1. Time Between Last Shower and Skin Surface Analysis
of Aqueous Chlorhexidine Gluconate, 4%


Study Groupa No. of Participants Time, Mean (SD), min
2 Showers


A1 20 102.6 (49.3)


A2 20 102.1 (45.3)


A3 20 125.5 (70.3)


3 Showers


B1 20 104.7 (52.2)


B2 20 139.8 (42.8)


B3 20 134.1 (51.5)


a No pause before rinsing, groups A1 and B1; 1-minute pause before rinsing,
groups A2 and B2; and 2-minute pause before rinsing, groups A3 and B3.


Figure 1. Mean Skin Surface Concentration of Aqueous Chlorhexidine
Gluconate, 4%, after 2 Preadmission Showers


1000


1200


1400


800


600


400


200


0


Sk
in


 S
ur


fa
ce


 C
hl


or
he


xi
di


ne
 G


lu
co


na
te


,
4%


, C
on


ce
nt


ra
tio


n,
 μ


g/
m


L


No Pause
Group A1
(n = 20)


P <.001


1-min Pause
Group A2
(n = 20)


2-min Pause
Group A3
(n = 20)


Left antecubital fossa
Right antecubital fossa
Abdomen
Left popliteal fossa
Right popliteal fossa


A significant increase in the skin surface concentrations of aqueous
chlorhexidine gluconate, 4%, was observed in participants who paused
for 1 or 2 minutes before rinsing compared with no pause. Limit lines
indicate SD.
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and left popliteal fossae, and abdomen, respectively. A sig-
nificant difference in skin surface concentrations was noted
between volunteers showering twice with no pause before
rinsing compared with those showering twice and pausing
for 1 or 2 minutes before rinsing (P < .001).


Figure 2 presents the mean skin surface concentrations
of chlorhexidine gluconate in the left and right antecubital
fossae, left and right popliteal fossae, and abdomen in par-
ticipants who were instructed to shower 3 times. In those
who rinsed immediately after chlorhexidine gluconate, 4%,
application (B1), the mean skin surface chlorhexidine glu-
conate concentrations were 393.3, 406.7, 449.6, 332.9, and
354.5 μg/mL in the left and right antecubital fossae, left and
right popliteal fossae, and abdomen, respectively. In com-
parison, in those who paused for 1 minute (B2), the mean
skin surface concentrations were 1157.6, 978.9, 893.1, 1098.8,
and 1211.3 μg/mL, respectively. The mean skin surface
chlorhexidine gluconate concentrations in participants who
paused for 2 minutes (B3) before rinsing were 1101.6, 939.9,
1177.5, 979.1, and 1039.2 μg/mL, respectively. A significant
difference in chlorhexidine gluconate skin surface concen-
trations was also noted in volunteers who showered 3 times
with no pause before rinsing compared with those pausing
for 1 or 2 minutes before rinsing (P < .001). Table 2 reports
the composite (antecubital, abdominal, and popliteal sites)
mean skin surface concentrations of chlorhexidine glu-
conate in patients taking 2 or 3 showers. Pausing for 1 or 2
minutes before rinsing resulted in a significant increase in
skin surface concentrations of chlorhexidine gluconate com-
pared with concentrations in participants who rinsed imme-
diately after application of chlorhexidine gluconate, 4%
(P < .001). Subgroup analysis documented no statistically
significant difference in skin surface concentrations of
chlorhexidine gluconate in volunteers who showered 2 times
vs those who showered 3 times.


Discussion


Many health care facilities have incorporated an antiseptic
skin cleansing protocol, often referred to as preoperative
bathing or cleansing, to reduce the microbial burden on the
skin of patients undergoing elective surgery with the aim of
reducing the risk of surgical site infections. A survey of Cali-
fornia hospitals reported that 91% of all facilities that perform
coronary artery bypass surgery have instituted a standard-
ized presurgery bathing and cleansing protocol.10 This prac-
tice has been endorsed by national and international organi-
zations, including the Hospital Infection Control Practice
Advisory Committee, Centers for Disease Control and
Prevention,1 Association for Professionals in Infection Con-
trol and Epidemiology,11 Association of Perioperative Regis-
tered Nurses,12 Institute for Healthcare Improvement,13 and
the UK National Institute for Health and Care Excellence,14


who recommending bathing or cleansing with an antiseptic
agent before surgery as a component of a broader strategy to
reduce surgical site infections. However, the Cochrane
Collaborative3 has reported that no benefit is derived from a
series of preadmission showers with an antiseptic agent as a
risk reduction strategy for preventing surgical site infections.
A careful analysis of the 7 publications4,15-20 cited in the
Cochrane Collaborative review reveals significant operational
and methodologic flaws. As a collective group, the studies
cited in the Cochrane Collaborative review expressed a high
level of surgical heterogeneity with no documented standard
of practice for the preadmission shower or cleansing process.
Some patients showered once; other patients showered 2 or 3
times.4,15-20 There was no evidence in any of the cited studies
that an effort was made to measure patient adherence.4,15-20


In 5 of the 7 studies, investigators failed to include a 30-day
surveillance period for postoperative follow-up.16-20 No writ-
ten instructions or inadequate instructions were noted in 5


Figure 2. Mean Skin Surface Concentration of Aqueous Chlorhexidine
Gluconate, 4%, After 3 Preadmission Showers
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A significant increase in the skin surface concentrations of aqueous
chlorhexidine gluconate, 4%, was observed in participants who paused
for 1 or 2 minutes before rinsing compared with no pause. Limit lines
indicate SD.


Table 2. Composite Comparison of Aqueous Chlorhexidine Gluconate,
4%, Skin Surface Concentrations for Combined Anatomic Sitesa


Groupb No.


Chlorhexidine Gluconate,
4%, Concentrations,
Mean (SD), μg/mL P Value


2 Showers


A1 20 265.6 (113.3)


<.001cA2 20 978.8 (234.6)


A3 20 1042.2 (219.9)


3 Showers


B1 20 387.1 (217.5)


<.001dB2 20 1067.2 (205.6)


B3 20 1017.9 (227.8)


a Anatomic sites included right and left antecubital fossae, abdomen,
and right and left popliteal fossae.


b No pause before rinsing, groups A1 and B1; 1-minute pause before rinsing,
groups A2 and B2; and 2-minute pause before rinsing, groups A3 and B3.


c Significant difference in groups A2 and A3 chlorhexidine gluconate,
4%, skin surface concentrations compared with group A1.


d Significant difference in groups B2 and B3 chlorhexidine gluconate,
4%, skin surface concentrations compared with B1.
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studies.4,16-18,20 One study20 was conducted during a 6-year
period (1978-1984), which may have influenced the continu-
ity of patient selection and randomization. Although the 7
studies are reported as randomized clinical trials, they all
exhibited significant methodologic flaws and cannot be
viewed as robust examples of current evidence-based prac-
tice. Studies published since 2009 have controlled for many
of the variables viewed as deficient in earlier investigations,
including retrospective, sequential, and prospective cohort
analyses; case-control studies; prospective observational and
interventional clinical trials; and randomized clinical
trials.21-33 An analysis7 of chlorhexidine gluconate skin sur-
face concentrations found that individuals who showered
using chlorhexidine gluconate, 4%, without receiving any
instructions or guidance had a mean (SD) skin surface con-
centration of 9.9 (7.1) μg/mL; this concentration is insuffi-
cient to inhibit most documented surgical pathogens.


The first aim of the present study was to assess the opti-
mal number of applications of chlorhexidine gluconate, 4%,
to ensure a maximum skin surface concentration of the anti-
septic agent. Because the skin surface antimicrobial activity
of chlorhexidine gluconate is enhanced following multiple ap-
plications, most protocols would recommend 2 to 5 separate
applications before surgery. However, there are no clinical or
pharmacologic data suggesting that more than 2 chlorhexi-
dine gluconate showers results in a higher skin surface con-
centration. The second aim of this study was to ascertain
whether pausing prior to rinsing off chlorhexidine gluconate,
4%, resulted in an enhanced skin surface concentration com-
pared with rinsing immediately after application. As a topical
antiseptic, chlorhexidine gluconate binds to proteins present
in human skin and mucous membranes, and prolonged activ-
ity is associated with slow release from these tissues.2,34 The
final component of the study involved determining whether
a standard volume of chlorhexidine gluconate, 4% (118 mL),
resulted in higher skin surface concentrations than reported
in previous studies7,34 in which less than 50 mL per shower was
used.


The study concluded that no significant difference in
chlorhexidine gluconate skin surface concentrations were ob-
served between participants taking 2 or 3 carefully standard-
ized preadmission showers. However, a 1- or 2-minute pause
before rinsing was associated with a significantly higher skin
surface concentration of chlorhexidine gluconate at all 5 ana-
tomic study sites compared with immediately rinsing after ap-
plication of the antiseptic (P< .001). A 2-minute pause did not
result in a significant increase in skin surface concentrations
compared with a 1-minute pause before rinsing. Further-
more, a 118-mL volume of chlorhexidine gluconate, 4%, per
shower in addition to a minimum 1-minute pause before rins-
ing resulted in saturated binding of chlorhexidine gluconate
to the skin with significantly higher skin surface concentra-
tions than reported in previous studies.7,34


An important component of any quality improvement ini-
tiative is patient adherence. An institutional quality initiative
conducted in January 2011 by the author (C.E.E.) docu-
mented that almost one-third of the patients failed to com-
plete the preadmission shower protocol, therefore truncat-


ing the potential value of this intervention. In an effort to
improve patient adherence, a study34 assessed the benefit of
sending a text message or email to remind individuals to com-
plete their preadmission showering process. Those receiving
an electronic alert had a significant increase in the skin sur-
face concentration of chlorhexidine gluconate compared with
individuals who were not prompted (P < .007). This simple ad-
dition to the showering protocol was highly effective in en-
hancing patient adherence to the preadmission shower pro-
tocol. Several clinical studies35-39 have instituted preadmission
showering with chlorhexidine gluconate, 4%, as part of an evi-
dence-based surgical care bundle, and poor adherence to any
individual component of the care bundle can potentially re-
duce the value of the intervention. Based on our knowledge
of what should be included in an effective preadmission show-
ering protocol, the following standardized regimen is recom-
mended:
1. All patients should take a minimum of 2 preadmission show-


ers with chlorhexidine gluconate, 4%, operationally the
night before and the morning before surgery.


2. Patients should be instructed to pause for 1 minute before
rinsing off the chlorhexidine gluconate, 4%.


3. Patients should use a total volume of 118 mL of chlorhexi-
dine gluconate, 4%, during each shower.


4. A text, email, or voicemail alert should be used to remind
the patient to complete the shower protocol.


The present study was designed from a pharmacoki-
netic perspective in which dosage (volume of chlorhexidine
gluconate, 4%, use), timing (0, 1-minute, or 2-minute
pause), and duration of treatment (2 vs 3 showers) were
assessed as part of an integrated attempt to maximize skin
surface concentrations of chlorhexidine gluconate. The
findings suggest an evidence-based metric for enhancing
skin concentrations resulting in a mean composite skin sur-
face concentration of approximately 970 μg/mL or an actual
skin surface area concentration of 16.5 μg/cm2, which is
above the 90% minimum inhibitory concentration for most
gram-positive and gram-negative surgical wound patho-
gens.


Conclusions
The modern approach to skin antisepsis strives to reduce the
microbial burden at the incisional site, protecting the wound
from gross contamination. However, presence of a high
microbial burden on selective skin surfaces sites, such as the
groin, axilla, perineum, or antecubital and popliteal fossae,
may increase the risk of postoperative infection. An
analysis40 of 100 consecutive lower extremity vascular pro-
cedures determined by multivariate analysis that high bacte-
rial loads on the second postoperative day in combination
with a diagnosis of diabetes mellitus independently
increases the risk of surgical site infection. Although the pre-
sent clinical study does not directly correlate the use of a
chlorhexidine gluconate, 4%, preadmission shower with
reduction in the incidence of surgical site infection, this
standardized approach to the preadmission shower regimen
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provides a cognizant pathway for achieving high, sustain-
able concentrations of chlorhexidine gluconate on the skin
that are sufficient to inhibit or kill microbial pathogens har-
bored on the skin at the surgical site. The associated facility
costs of providing 2 bottles of chlorhexidine gluconate, 4%,
and supporting an electronic alert system (text, email, or


voicemail) reminding the patient to complete the preadmis-
sion shower process, thereby enhancing patient adherence,
is less than $9.34 An economical initiative resulting in fewer
microorganisms on the skin surface adjacent to the surgical
incision should be a sentinel component of an effective sur-
gical care bundle.
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Process Change In Place Not Done Will Adopt Notes (Responsible and By When?)


Develop and follow standardized order sets for each surgical procedure 
to include antibiotic name, timing of administration, weight-based dose, 
re-dosing (for longer procedures) and discontinuation.


Ensure preoperative skin antisepsis (basic soap and water shower) 
antiseptic agent (e.g., chlorhexidine gluconate (CHG) cloths).


Develop standardized perioperative skin-antiseptic practices utilizing  
the most appropriate skin antiseptic for the type of surgery performed.


Develop a standardized procedure to assure normothermia by warming 
ALL surgical patients.


Develop and implement protocol to optimize glucose control in ALL 
surgical patients.


Administer supplemental oxygen during the preoperative, intraoperative 
and postoperative periods.


Develop protocol to screen and/or decolonize selected patients with 
Staphylococcus aureus.


Adhere to established guidelines (e.g., HICPAC, AORN) to assure basic 
aseptic techniques (e.g., traffc control, attire) are adhered to uniformly.


Utilize a Safe Surgery Checklist to drive development of a culture of 
safety that provides an environment of open and safe communication 
among the surgical team.


Establish a system where surgical site infection data are analyzed  
and shared.


2016 SSI Top Ten Checklist
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Joint Commission Center for Transforming Health Care


Reducing Colorectal Surgical  
Site Infections 
The Joint Commission’s Center for Transforming Healthcare aims to solve health care’s most critical safety 
and quality problems. Leading health care organizations partnered with the Center to use a proven, systematic  
approach to analyze specific breakdowns in patient care and discover their underlying causes to develop targeted 
solutions that solve these complex problems. In keeping with its objective to transform health care into a high  
reliability industry, The Joint Commission shares these proven effective solutions with the more than 20,500  
programs it accredits and certifies. Also, part of the mission of the Joint Commission Center for Transforming 
Healthcare is to ensure the lessons learned and solutions developed can be applied to other health care  
organizations across the country.


This project was launched in collaboration with the American College of Surgeons (ACS). The ACS is dedi-
cated to improving the care of the surgical patient and to safeguarding standards of care in an optimal and ethical 
practice environment. The Reducing Colorectal Surgical Site Infections (SSI) project uses data derived from the 
ACS’s National Surgical Quality Improvement Program (NSQIP). Hospitals that participate in the ACS NSQIP  
program use trained surgical clinical reviewers to collect preoperative through 30-day postoperative data on  
randomly assigned patients. The collected clinical data allows ACS NSQIP to provide blinded, risk-adjusted data 
to share with all NSQIP hospitals, allowing them to nationally benchmark their complication rates and surgical 
outcomes. NSQIP data on outcomes of surgery are highly regarded by physicians as clinically valid, using  
detailed medical information on severity of illness and comorbidity to produce data on risk-adjusted outcomes. 
SSI is one of the most prevalent negative outcomes reported by NSQIP hospitals.*


Colorectal Surgical Site Infections Project Participants
• Cedars-Sinai Medical Center, Los Angeles, California
• Cleveland Clinic, Cleveland, Ohio
• Mayo Clinic-Rochester Methodist Hospital, Rochester, Minnesota
• North Shore-Long Island Jewish Health System, Great Neck, New York
• Northwestern Memorial Hospital, Chicago, Illinois
• OSF Saint Francis Medical Center, Peoria, Illinois
• Stanford Hospital & Clinics, Palo Alto, California


*David B. Hoyt: “Looking Forward,” Bulletin of The American College of Surgeons, 2010;95(11):4-5


Update: December 22, 2014







Colorectal Surgical Site Infection Project Outline


* Key Terms
• Correlating Variables are factors or attributes that are strongly  


associated with an outcome.  For this project, participating  
hospitals analyzed and validated a number of variables that  
significantly influence the occurrence of colorectal SSIs within their 
organizations.


• Contributing Factors are a set of actions leading to surgical pro-
cess failure that increase the risk or likelihood of colorectal SSIs.  
Contributing factors are determined from correlating variables.


•  Targeted Solutions are practices developed to mitigate each  
contributing factor.  They have been thoroughly tested and proven 
effective.


Update: December 22, 2014
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Background


Surgical site infections (SSIs) are the second most common healthcare-associated 
infection (HAI). SSI rates are disproportionately higher among patients following  
colorectal surgeries. Resulting SSIs are known to have significant patient  
complications with adverse clinical and economic impact.
 
Quality improvement methods


In partnership with the American College of Surgeons, the Joint Commission Center 
for Transforming Healthcare led a multi-institutional collaboration of seven leading 
U.S. hospitals, established to reduce colorectal SSIs. Preventing colorectal SSIs is a 
complex problem with multiple variables specific to patients and patient populations, 
institutional factors, surgical practice and process. Recognizing this complexity,  
participating hospitals used Lean Six Sigma and change management methods to 
understand why infections were occurring at their facilities and how to prevent them. 
Outcome measures were the observed rate of colorectal SSIs and the ACS NSQIP 
observed-to-expected (O/E) ratio for colorectal SSIs. Participants focused on  
improving the care received by colorectal surgical patients, from preadmission to  
30-days after surgery.
 
Results


After two-and-a-half years, there was an overall reduction in superficial incisional 
SSIs by 45 percent and all types of colorectal SSIs by 32 percent.  Participants  
attained cost savings of more than $3.7 million for the 135 estimated colorectal SSIs 
avoided during the project period. Applying the reduction in SSIs to the annual case 
load of colorectal surgeries at participating hospitals suggests that they will  
experience 384 fewer SSI cases and save $10.6 million per year as the result of this 
work. The average length of stay for hospital patients with any type of colorectal  
SSI decreased from an average of 15 days to 13 days.
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Colorectal Surgical Site Infections:   
Characteristics of Project Participants 


Site                                                                


Cedars-Sinai Medical Center


Cleveland Clinic 


Mayo Clinic-Rochester Methodist Hospital


North Shore-Long Island Jewish Health System 


Northwestern Memorial Hospital 


OSF Saint Francis Medical Center 


Stanford Hospital & Clinics 


923


1,200


700


1,290


894


616


613


45


237


208


55


33


21


   32


46


16


8


31


8


13


47


# of 
      Beds 


# of Colorectal  
Surgeries/Month


 


# of Colorectal  
Surgeries/Year


 


# of Surgeons 
Performing 
Colorectal 


        Surgeries 


• The surgeons involved may be directly employed by the hospital, or be a mix of employed and private practice surgeons who perform surgeries 
at the participating hospitals. 


•  Although two of the participating hospitals do not participate in the American College of Surgeons’ National Surgical Quality Improvement  
Program (ACS NSQIP), all of the project participants agreed to use a common set of metrics to measure and monitor their colorectal SSI  
outcomes.


•   All of the project participants are academic medical centers.


536 


2,854 


2,500


662


404


250


380


7,586Total:
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Why Colorectal Surgical Site Infections? 
Surgical site infections (SSIs) are a major cause of patient injury and death.  They increase health care costs and prolong  
hospitalization. In a 2002 study of U.S hospitals, the estimated number of healthcare-associated infections (HAIs) was approximately 
1.7 million. SSIs were the second most common HAI, accounting for 22 percent of all HAIs among hospitalized patients.  SSIs occur 
in 2-5 percent of patients undergoing inpatient surgery in the U.S., resulting in approximately 500,000 SSIs each year.  Each SSI 
is associated with approximately 7-10 additional postoperative hospital days.  Patients with an SSI have a 2-11 times higher risk of 
death, compared with operative patients without an SSI. Of SSI deaths among patients, 77 percent are directly attributable to SSI.  
SSIs are believed to account for up to $10 billion annually in health care expenditures.  Attributable costs of SSI vary depending on 
the type of operative procedure and the type of infecting pathogen.  Published estimates range from $3,000 to $29,000.  


Scope of the project


A wide range of surgeries and procedures can result in SSIs – each with its own unique complications and challenges.   
To narrow the scope of the project, colorectal surgery was selected because it:


•  Is common across different types of hospitals. It is estimated that there are 300,000 to 600,000 patients who undergo colorectal 
surgical procedures annually across the U.S.


•  Has significant complications with an adverse clinical impact since the colon and rectal tracts contain more bacteria that are  
exposed during surgery 


•  Presents hospitals with significant opportunities to improve performance
•  Has high variability in performance across hospitals


The SSI project:
•  Includes all surgical inpatients undergoing emergency and elective colorectal surgery (following the ACS NSQIPs defined CPT 


codes), with the exception of trauma and transplant patients and patients under 18.
• Addressed preadmission, preoperative, intraoperative, postoperative, and post discharge follow-up processes.
•  Includes all surgeons, ancillary professionals, infection prevention experts, as well as patients and their caregivers.


Update: December 22, 2014


Sources of data: Klevens RM, Edwards JR, et al: Estimating health care-associated infections and deaths in U.S.  
hospitals, 2002, Public Health Reports 2007;122:160-166


Emori TG, Gaynes RP: An overview of nosocomial infections, including the role of the microbiology laboratory,  
Clinical Microbiology Reviews, 1993:6(4):428-42


Anderson DJ, et al: Strategies to prevent SSIs in acute care hospitals, Infection Control Hospital Epidemiology, 2008:29:S51-S61
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Why Colorectal Surgical Site Infections? (cont’d)


Skin


Subcutaneous
Tissue


Superficial 
Incisional


SSI


Cross 
section of
abdominal 
wall showing 
CDC
classifications
of 
colorectal SSI


Deep Incisional
SSI


Deep Soft Tissue
(fascia & muscle)


Organ/Space Organ/Space
SSI


Cross section of abdominal wall showing  
the levels and types of SSIs


   Superficial incisional SSI: infection involves only skin or 
subcutaneous tissue of the incision


   Deep incisional SSI: infection appears to be related to 
the operation and involves deep soft tissues (ex: fascial 
and muscle layers) of the incision


   Organ/space SSI: infection appears to be related to the 
operation and involves any part of the anatomy other than 
the incision (ex: organs or spaces), which was opened or 
manipulated during an operation


The initial scope of the project was to study the three types of colorectal 
SSIs – superficial incisional, deep incisional, and organ/space SSIs 
(see graphic).  Project participants were able to identify the common set 
of of correlating variables and contributing factors that validated the value 
of overall infection prevention practices to reduce some SSIs.  Over the 
course of the project, it became apparent that the “one size fits all”  
approach in measuring and reducing the different types of colorectal SSIs 
would not achieve the same success in reducing all types of SSIs  
simultaneously.  Organ/space SSIs were particularly challenging, requiring 
more in-depth investigation, especially into surgical techniques and  
protocols. To continue this work, pilot organizations are investigating  
measurement tools and improvements to reduce deep incisional and 
organ/space SSIs. 


RPI methods:
This project addresses the problem of surgical site infections using Robust  
Process  Improvement® (RPI®) methods. RPI® is a fact-based, systematic 
and data-driven problem-solving methodology. It incorporates Lean Six 
Sigma and change management methodologies. Using RPI®, the project 
participants measure the magnitude of the problem, pinpoint the  
contributing causes, develop specific solutions that are targeted to each 
cause, and thoroughly test the solutions in real life situations.
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Colorectal Surgical Site Infection Project Results
   The project launched in August 2010.  


• Figure 1 shows aggregate performance over the course of 
the project. The overall SSI rate from colorectal surgical  
procedures at the 7 participating hospitals was at 15.77  
percent of patients during a 10-month intervention phase 
when hospitals started adopting changes.  During the post  
intervention phase, once all changes were completed, the  
infection rate dropped to 10.70 percent. Participating  
hospitals reduced all types of SSIs by 32 percent (135 SSIs) 
after all solutions were implemented.


• Correspondingly, the ACS NSQIP observed-to-expected 
(O/E) ratio declined from 1.25 in the intervention phase to 
0.92 in the post intervention phase showing there were less 
colorectal SSIs in the study population than expected after 
adjusting for age, sex, body mass index, and other factors.  
This shows that the SSI decrease was not due to changes in 
the types of patients undergoing surgery.  Decreases in SSIs 
validated the principal outcome of this project—that the  
interventions developed and deployed by these 7 hospitals 
substantially reduced their rates of SSIs following colorectal 
surgery.


• Cost savings of $3.7 million were estimated for the 135 SSIs 
avoided during the post intervention phase.  Applying the  
reduction in SSIs achieved in this project to the annual case 
load of colorectal surgeries at the 7 participating hospitals 
(7,586) suggests that they will experience 384 fewer SSI 
cases and save $10.6 million per year as the result of this 
work.  The ACS NSQIP Return on Investment calculator was 
used to estimate savings.


• Overall, the average length of stay (ALOS) decreased from 
an average of 15 days to 13 days for hospital patients with 
any type of colorectal SSI.  In comparison, ALOS is 8 days 
for patients with no SSIs.  The ALOS excluded patients who 
were readmitted.


 


Baseline = January 2009 to October 2010. The period when no changes were made. Data collected reflect the SSI 
rate before any improvement interventions took place. Project participants used this baseline data to establish a 
target rate for reducing SSIs.
Intervention phase = January 2011 to October 2011. Period when multiple improvement activities were in progress 
and pilot testing occurred.
Post intervention phase = After October 2011. Period when all the improvement solutions were implemented and 
data reflected decreasing rates of SSIs.


* Source: http://site.acsnsqip.org/wp-content/themes/nsqip/extras/flex2/ROICalc.html


32.15% reduction
P-Value = 0.000


observed
less than expected


Figure 1
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Colorectal Surgical Site Infection Project Results
(cont’d)


P-Value = 0.000


When project participants stratified 
improvement results by types of 
colorectal SSI, the most significant 
impact was the reduction of  
superficial incisional SSIs.


Figure 2 shows that superficial  
incisional SSIs decreased by 45 
percent, and 114 infections were 
avoided after all solutions were 
implemented.  


To reach these results,  
participating hospitals followed a 
systematic, data-driven process 
that led to a deeper understanding 
of why colorectal SSIs were  
happening at each of their  
facilities. The strategies to prevent 
SSIs were developed by  
identifying and studying the  
variables most strongly associ-
ated with the occurrence of SSIs. 
These solutions are detailed in 
pages 9-11.


Figure 2


45.05% reduction


Baseline = January 2009 to October 2010. The period when no changes were made. Data collected reflect the SSI rate before any improvement  
interventions took place. Project participants used this baseline data to establish a target rate for reducing SSIs.
Intervention phase = January 2011 to October 2011. Period when multiple improvement activities were in progress and pilot testing occurred.
Post intervention phase = After October 2011. Period when all the improvement solutions were implemented and data reflected decreasing rates of 
SSIs.
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Colorectal Surgical Site Infection Project Results:
National Impact  


 Each year, more than 600,000 surgical procedures are 
performed in the United States to treat a number of colon 
diseases. (Society of American Gastrointestinal and  
Endoscopic Surgeons (SAGES), 2013: at: http://www.
sages.org/publication/id/PI09/)
 
Applying results to the national estimate show that,  
by using the methods, solutions and lessons learned 
through the SSI project, approximately 30,420 infections 
from colorectal surgeries can be prevented with an  
annual savings of up to $834 million.
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Contributing Factors and Targeted Solutions 
to Reduce Colorectal SSIs


Contributing Factors  


Preadmission and preoperative evaluation processes
All types of SSIs


• Failure of preoperative testing and health screening to detect  
active medical conditions that increase the risk of SSIs.


• Inadequate management of active medical conditions  
preoperatively led to patients being operated on under  
suboptimal conditions. This compromises patients’ immune  
functions, increases the risk of SSIs, and affects patients’ ability  
to recover. 


Incisional SSIs
Inconsistent preoperative orders and preparation to reduce  
SSI risks.


Inconsistent and incomplete application of required preoperative  
skin cleaning product by patients and caregivers.
 


Targeted Solutions 
 


 
Establish a protocol for colorectal-specific preoperative testing and  
evaluation, to be implemented at preadmission and preoperative  
inpatient units. 


• Provide nutritional counseling and intervention before surgery,  
if the patient’s condition indicates this need. 


• Refer the patient to a smoking cessation program. 
• Screen for infections during preadmission testing.
• Build alerts into existing computer system to identify high-risk patients so 


additional precautions can be taken in preparing these patients for  
surgery.


• Reconcile medications and appropriately adjust dosing of high risk  
medications prior to surgery (if not contraindicated for the patient’s  
conditions). 


• Standardize preoperative physician order sets for all colorectal surgical 
patients. 


• Program procedure listing software to automatically prompt an order for 
skin cleansing in pre-op/holding for patients who are at high risk for SSI 
or who have a body mass index (BMI) higher than 30.


• Standardize preoperative educational materials for surgery preparation 
and SSI prevention. Provide these materials to physician clinics,  
preadmission testing and preoperative areas.


• Staff in the physician office or preadmission testing area provide  
instruction to patients and caregivers for applying the preoperative skin 
cleaning product. 


Contributing factors are a set of actions leading to surgical process failure that increase the risk or likelihood of colorectal SSIs.  Targeted solutions 
are practices developed to mitegate each contributing factor.  They have been thoroughly tested and proven effective.  The table below links  
solutions to the factors they were designed to solve. 
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Contributing Factors and Targeted Solutions 
to Reduce Colorectal SSIs (cont’d)


Targeted Solutions
 


 
• Standardize the preoperative skin cleansing orders for all colorectal  


patients.
• Establish policy and protocol to standardize surgical preparation  


practices for use of the skin disinfection agent and who can perform the  
skin prep.


• Hair removal takes place in the preoperative holding area (instead of in  
the OR).


• Establish weight-based antibiotic(s) dosing protocol for colorectal surgeries.
• Program documentation software to automatically prompt intraoperative  


re-dosing of antibiotic(s) if surgery is longer than 3 or 4 hours (timing  
determined by the hospital). Build a real-time prompt into anesthesiology’s 
documentation system to ensure compliance, to indicate the time that the  
first dose was administered, and to remind staff about re-dosing at the  
3rd or 4th hour from incision time. 


• Initiate preoperative warming interventions.
• Establish protocol to standardize warming interventions in the OR.


• Establish standardized closing process.
• Standardize the set up of instruments and the instrumentation set used for 


clean versus “dirty” parts of the surgical procedure.


Contributing Factors 


Preadmission, preoperative to intraoperative care processes
All types of SSIs
Inconsistent infection prevention practices (based on protocol or 
best practices) for surgery preparation.


Preoperative to intraoperative care processes
All types of SSIs
Inadequate administration of antibiotic(s) to patient.


Preoperative, intraoperative to postoperative care
processes
All types of SSIs
Patient’s core temperature was not consistently maintained at the 
recommended range for optimal wound healing and infection  
prevention.
Intraoperative care processes
All types of SSIs
Uncoordinated surgical team activities and breaks in the sterile 
fields increased the risk of wound contamination and patient sus-
ceptibility to infection. The risk of wound contamination was most 
often identified with bowel anastomosis, digital rectal examination 
(DRE), and the closing process.


Contributing factors are a set of actions leading to surgical process failure that increase the risk or likelihood of colorectal SSIs.  Targeted solutions 
are practices developed to mitegate each contributing factor.  They have been thoroughly tested and proven effective.  The table below links  
solutions to the factors they were designed to solve. 
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Contributing Factors and Targeted Solutions 
to Reduce Colorectal SSIs (cont’d)


Targeted Solutions
 
 


• Standardize intraoperative application of wound dressing to minimize  
opportunities for wound contamination and maximize wound healing.


• Standardize orders for postoperative wound dressing, such as:  
continuation of OR wound dressing for 48 hours and dressing removal   
postoperative day (POD) 2.


•  To ensure consistent wound management, assign ownership to a spe-
cific discipline. For example, the first dressing is removed by the primary  
service providers to ensure the first critical assessment of wound healing 
is done by the correct person.


• Consult a wound ostomy nurse for complicated wound management, 
such as use of vacuum dressing.


• Establish specific criteria for the correct management of specific types of 
wounds. For example, wound probing for some types of contaminated 
colorectal wounds.


• At preadmission and postoperatively, provide patient and caregiver with 
education about personal hand hygiene (for example, a “Reducing Your 
Risk of SSI” pamphlet).


• Provide hand sanitizing wipes and personal-size hand sanitizing foam at 
bedside for patient.


• Post signs reinforcing critical moments of hand hygiene.
• Make hand cleansing agent readily available for staff (for example, at-


tach hand sanitizer to bed poles).
 


• At discharge, provide patient education on wound care and how to  
recognize the symptoms of infection.


• Have nurses make a follow-up phone call to patients within one week 
after discharge from the hospital.


Contributing Factors 


Postoperative to post-discharge care processes
Incisional SSIs
Inconsistent wound management increased risks of SSIs and delayed 
wound healing.


Preadmission, preoperative and postoperative care processes
Incisional SSIs
Failure to perform hand hygiene by staff and patient or caregiver  
increased opportunities for surgical wound contamination and the risk   
of developing SSIs.


Postoperative to post-discharge care processes
Incisional SSIs
Inconsistent understanding among patients, caregivers and health care 
professionals of wound care management in decreasing risk of and 
preventing SSIs.
 


Contributing factors are a set of actions leading to surgical process failure that increase the risk or likelihood of colorectal SSIs.  Targeted solutions 
are practices developed to mitegate each contributing factor.  They have been thoroughly tested and proven effective.  The table below links  
solutions to the factors they were designed to solve. 
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Measuring Colorectal Surgical Site Infections 
The graphic below shows the types of data collection conducted throughout the colorectal surgical care continuum. The data collection ef-
fort did not follow the usual infection surveillance retrospective approach of collecting data only on colorectal patients who developed SSIs. 
Project participants used a proactive measurement strategy to detect significant risk points and identify if the care provided to patients:


• Deviated from the intended practice, which was defined by the organization’s policy, protocol or evidence-based recommendations
• Indicated the absence of a process step considered to be critical in delivering the intended care 
• Showed significant variation in the care delivery process and inconsistency in the care approach by different care providers


The surgical process data collected was used to analyze its relationship to the SSI outcomes. This allowed project participants to detect the 
process risk points (x) and draw conclusions on the effect of contributing factors to the occurrence of SSIs (Y).  This analysis was validated 
by the project participants and is simplified in the following formula: Y is the function of (x1 + x2 + x3 + x4 + x5 + x6 + x7 + x8)


Risk Factors*


* Modifiable versus non-modifiable factors: For colorectal surgeries, certain patient characteristics are associated with an increased risk of an SSI. 
Some of these factors are non-modifiable and include age, gender, and pre-existing conditions (such as cancer) that the patient brings to the  
clinical encounter and over which neither the provider nor the provider organization has any control. Other risk factors are modifiable, which 
means they can be treated, controlled, or improved upon to optimize the patient’s condition and prevent the risk of developing SSIs.


Outcomes


Contributing Factors by Process Risk Points


f   (x1                    + x2              + x3              + x4                    + x5                    + x6                    + x7                  + x8)                           =  Y
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Measuring Colorectal Surgical Site Infections
(cont’d)
Project Goal
Achieve a 50 percent reduction in colorectal surgical site infections using two outcome measures: a primary metric and a secondary metric.


Primary metric: Observed rate of colorectal SSI (%) =
       Observed number of colorectal SSIs (numerator)    


                                                                                             Colorectal surgical cases per month (denominator)
x 100


The primary metric was established by counting the occurrence of any type of colorectal SSI (following the 
CDC definitions of colorectal SSIs) from the colorectal surgeries performed at the participating hospital each 
month. The project team further stratified the overall count of colorectal SSIs and tracked the occurrence of 
SSIs by types: superficial incisional, deep incisional and organ/space SSIs.


Although this SSI rate does not take into account the expected risks of the colorectal surgical population,   
project participants did not want to lose any opportunity to analyze and learn from every SSI occurrence.   
Each SSI occurrence provided insight into potential contributing factors that could be prevented. This  
measurement can be easily adopted by any health care organization for SSI performance monitoring 
and quality improvement. 
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How the secondary metric (O/E ratio) was used for the project 
• Takes into account the differences in the case mix at each of the participating hospitals
• Defines the expected SSI risk of the organization’s colorectal surgical population
• Sets practical goals for a target reduction rate 
• Aligns all key stakeholders to accept the scope of the SSI project
• Obtains buy-in and commitment from all parties to be accountable for further improvement in order to achieve better  


outcomes for colorectal surgical patients 
• Validates improvement impact is significant because it takes into account the patient mix at each organization before and  


after improvement 


Throughout the course of the project, the analysis using the O/E ratio (the secondary metric) did not yield any findings that were different 
from the observed rate or primary metric.  Both metrics gave consistent results.  Project teams from all sites were able to use the  
observed SSI rate in analyzing the correlating variables that contribute to the occurrence of colorectal SSIs.  The primary metric proved 
to be a reliable measure for detecting changes in the SSI rate after implementing improvements.  The evidence of trends and changes in 
SSI  
performance using both metrics were correlated for all seven sites and as an aggregate throughout the project.


Additional outcome measures: Most of the project participants monitored the impact of the SSI project on other important performance indicators within 
their hospitals.  These included financial impact from average length of stay (ALOS) differences, the cost of implementing the solutions versus the cost 
avoidance from the number of SSIs prevented, as well as other post-surgical outcomes including wound occurrence (such as deep wound disruption),  
reoperation within 30 days, postoperative catheter-associated urinary track infections (CAUTI), and sepsis. 


Measuring Colorectal Surgical Site Infections
(cont’d)


Source: Description of Statistical Models and O/E Ratios, ACS NSQIP Semiannual Report, June 2010:2


* Variables used to calculate the expected risks of a colorectal surgical patient to develop an SSI: principal operative procedural code (CPT), surgical wound classification,  
   the American Society of Anesthesiologists (ASA) classification of patient’s physical condition before surgery, body mass index (BMI), age, diabetes mellitus, and current smoker.


 


Secondary metric:     ACS NSQIP observed-to-expected (O/E) ratio 
=


 
                           for colorectal SSI


    Observed number of colorectal SSIs (numerator)   
Expected number of colorectal SSIs is the sum of the   
probabilities for SSI across all patients* (denominator)







Challenges in measurement  
This project presented a number of challenges for the participating hospitals,  
especially with regard to determining SSI occurrence.


Barriers to meaningful and accessible data to guide improvement efforts: Every  
hospital collects multiple levels of surgical care process and outcome data to meet different 
requirements and expectations. These include state and federal reporting requirements for 
preventable hospital acquired conditions; the Surgical Care Improvement Program (SCIP) 
core measures; health care accreditation requirements; and for benchmarking purposes.  
The various reporting requirements do not have consistent rules for inclusion and exclusion  
criteria or for case capturing and sampling methodology, which may result in different  
conclusions about SSI rates. This inconsistency makes it difficult for any health care  
organization to have a clear systematic view of its surgical performance.


Communication barriers: Some organizations struggled to coordinate data collection and 
sharing, which made it difficult to provide meaningful and real-time feedback to organization 
leadership and front-line staff. Even when collecting similar data elements for the same  
surgical case, there was limited communication among staff about the data. This led to  
confusion in both the intrepretation and use of data to guide improvement efforts.


No standardized “best practices”: Lack of strong evidence in colorectal surgical care  
resulted in inconsistent care being delivered to patients. 


Limited available SSI data: Available hospital surveillance data only provide insight to the 
care received by surgical patients who develop a SSI. There is no available data to provide 
any insight into the surgical care, whether optimal or sub-optimal, provided to other colorectal 
surgical patients.


Challenges in achieving meaningful data analysis: Significant lag time in the availability 
of SSI data and variation in case volumes with small sample sizes resulted in project  
participant’s inability to identify meaningful trends or conclusive analysis findings.
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Update: December 22, 2014


Overcoming the measurement challenges  
The participating hospitals took the following actions 
to overcome these challenges and successfully  
identify the contributing factors that could be improved 
upon to reduce colorectal SSIs.


• Coordinated data collection and SSI monitoring 
across silos within organizations. 


• Used the RPI® Lean methodology to remove  
unnecessary waste in the data process flow and 
change management strategy to create a loop-
back system with data communication. 


• Went beyond the regular data collection require-
ments to compile data — whether the colorectal 
surgical patient had an infection or not. 


Core
Measures Accreditation


RegulatoryBenchmarking


Measuring Colorectal Surgical Site Infections (cont’d)
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Update: December 22, 2014


Variables Correlated with Surgical Site  
Infections    
This table shows the variables most strongly associated with the occurrence of colorectal SSIs.  Not all correlating variables appear in each hospital, nor 
can every variable be modified or improved upon, such as a number of the patient characteristics.  This underscores the importance of understanding the 
specific variables affecting SSIs that are unique to each hospital’s surgical population and processes so that solutions can be targeted accordingly.  The ‘X’ 
indicates a correlating variable. 


  A B C D E F G
Patient characteristics
Younger than 44 or older than 60 x x     
Body mass index (BMI) is lower than 20 or higher than 30 x x x x x x x
Diagnosed with disease or condition, such as inflammatory bowel disease, Crohn’s disease, 
diverticular disease x x     
Taking insulin or non-insulin medication for diabetes x  x  x x x
Taking steroids for a chronic condition x x     
Diagnosed with sepsis within 48 hours before surgery x    x x 
High blood pressure or takes medication for high blood pressure     x  
Slightly malnourished, reflected by low level of albumin  x     
Smoker or smoked within one year before being admitted for surgery   x   x x
Requires assistance for activities of daily living before surgery       x
Surgical procedure 
Variation in surgical wound classification  x x   x  
American Society of Anesthesiologists (ASA) physical status classification system: class 2 or above     x x 
Laparoscopic surgery (versus open surgery) x    x x x
Surgery longer than 3 or 4 hours (timing determined by hospital) x x x  x x x
Variation in type of SSI by surgeon  x  x   


Participating HospitalsVariables  
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Update: December 22, 2014


  A B C D E F G
Antibiotic(s)
Inconsistent or ineffective use of antibiotic(s) prophylaxis x x x x   x


o No standard process for giving oral antibiotic(s) with mechanical bowel preparation before surgery   x    x
o Correct antibiotic(s) and right dose are not given before surgery x x  x   x
o First dose of IV antibiotic(s) was given too soon or too late; timing did not meet guidelines  x  x   x
o The protocol for antibiotic(s) re-dosing was not followed in surgeries longer than 3 or 4 hours 
 (timing determined by hospital) x   x   x
o Antibiotic(s) were discontinued within 24 hours after surgery       


Preoperative and intraoperative process
No standard process for cleaning skin before being admitted to the hospital x  x    x
Insufficient education provided to patients about how to prepare for surgery and prevent SSI x      
Patient arrived for surgery with potential infection   x    
Hair was not clipped (when possible) before entering the OR x      x
No standard process for managing serum glucose levels during surgery x  x    x
Inconsistent and incorrect skin preparation for surgery x  x x   
Lack of hand hygiene in the OR area   x    x
Patient’s temperature is not maintained within the normal range (36 to 38 Celsius)              x                      x 


o Patient arrived in OR with core temperature less than 36 Celsius      x 
o No lock on thermostat in the OR; temperature in OR is adjusted to comfort level of staff       x 
o Patient’s core temperature during surgery was less than 36 Celsius      x 


Inconsistent use of draping and devices to protect the surgical site from contamination       x


Participating HospitalsVariables  


Variables Correlated with Surgical Site  
Infections (cont’d) 
This table shows the variables most strongly associated with the occurrence of colorectal SSIs.  Not all correlating variables appear in each hospital, nor 
can every variable be modified or improved upon, such as a number of the patient characteristics.  This underscores the importance of understanding the 
specific variables affecting SSIs that are unique to each hospital’s surgical population and processes so that solutions can be targeted accordingly.  The ‘X’ 
indicates a correlating variable. 
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 A B C D E F G
Preoperative and intraoperative process (cont’d)
Inconsistent surgical site closing process  x x x x x x x


o Closing tray or closing instruments not available at closing x x x    x
o Closing steps not followed (surgical team is distracted or forgets to complete the steps)   x    
o No standardized closing process across all surgeons and surgical teams x x     x
o Surgeon does not announce “time to close”   x   x 
o Use of dirty instruments, contaminated gloves and gowns at the time of wound closure x x x x x x x


Postoperative
Patient’s temperature is less than 36 Celsius    x     
Inconsistent understanding of postoperative and discharge education about hand hygiene and 
SSI prevention among health care professionals, patients and family x     x 
Inconsistent wound management and lack of evidence-based practices for managing different types 
of surgical wounds x x x  x x x
Inadequate skin cleaning after surgery x     x 
Increased total average length of stay (ALOS) in the hospital x     x x
Wound is disrupted after surgery   x    x
Measurement challenges 
Incomplete data; not every colorectal surgical case has complete process and outcomes data    x  x   
Inaccurate and incomplete documentation of critical information (for example, wound class, operative details, 
and 30-day follow-up results)  x  x   
Lack of communication about SSI data: surgeons were not notified of confirmed SSI for their patient, 
or the physician’s office failed to communicate to the hospital about a patient being treated for an SSI  x  x  x x 
      


Participating HospitalsVariables  


Variables Correlated with Surgical Site  
Infections (cont’d) 
This table shows the variables most strongly associated with the occurrence of colorectal SSIs.  Not all correlating variables appear in each hospital, nor 
can every variable be modified or improved upon, such as a number of the patient characteristics.  This underscores the importance of understanding the 
specific variables affecting SSIs that are unique to each hospital’s surgical population and processes so that solutions can be targeted accordingly.  The ‘X’ 
indicates a correlating variable. 
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Sustaining Success of a Colorectal Surgical Site 
Infection Project  
Participating hospitals used various strategies to implement their improvement solutions. This 
resulted in varying degrees of success toward the goal of achieving sustainable SSI  
reductions. Some organizations implemented solutions all at once; others implemented  
solutions one at a time due to resource constraints. Despite these different approaches,  
project participants with the most success shared the following attributes:


• Emphasis on the use of data to guide and drive improvement decisions and implementa-
tions


• Sharing real-time data with all staff who care for colorectal surgical patients
•  A committed colorectal surgeon champion who led the project
•   A dedicated core team that included front-line staff from each process area and subject 


matter experts
•  Continuous engagement of the core team throughout the project
•  Leadership ensured that surgeons and other staff who worked on the project received 


needed support, including dedicating a certain amount of time to the project
•   Engagement of staff and patient/caregivers, giving a voice to both internal and external 


customers
•   An organizational culture that held everyone accountable for preventing the occurrence of 


SSIs. This sense of accountability was pervasive, reaching every touch point in every  
surgical patient’s journey – from pre-admission, to preoperative, to the OR and PACU, 
through to the patient care unit and post discharge care.


High level
surgical
process


compliance


Robust
Process


Improvement


SSI 
Reduction


Commitment
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stakeholders


Sustainability
over time
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Objective: To determine whether circular plastic wound edge protectors
(CWEPs) significantly reduce the rate of surgical site infections (SSIs) in
comparison to standard surgical towels in patients undergoing laparotomy.
Background: SSIs cause substantial morbidity, prolonged hospitalization,
and costs and remain one of the most frequent surgical complications. CWEPs
have been proposed as a measure to reduce the incidence of SSIs.
Methods: In this randomized controlled, multicenter, 2-arm, parallel-group
design, patient- and observer-blinded trial patients undergoing open elective
abdominal surgery were assigned to either intraoperative wound coverage
with a CWEP or standard coverage with surgical towels. Primary endpoint
was superiority of intervention over control in terms of the incidence of SSIs
within a 30-day postoperative period.
Results: Between September 2010 and November 2012, 608 patients un-
dergoing laparotomy were randomized at 16 centers across Germany. Three
patients in the device group and 11 patients in the control group did not un-
dergo laparotomy. Patients’ and procedural characteristics were well balanced
between the 2 groups. Forty-eight patients discontinued the study prema-
turely, mainly because of relaparotomy (control, n = 9; intervention, n = 9)
and death (control, n = 4; intervention, n = 7). A total of 79 patients ex-
perienced SSIs within 30 days of surgery, 27 of 274 (9.9%) in the device
group and 52 of 272 (19.1%) in the control group (odds ratio = 0.462, 95%
confidence interval: 0.281–0.762; P = 0.002). Subgroup analyses indicate
that the effect could be more pronounced in colorectal surgery, and in clean-
contaminated/contaminated surgeries.
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Conclusions: Our trial shows that CWEPs are effective at reducing the in-
cidence of SSIs in elective and clean or clean-contaminated open abdominal
surgery.


Keywords: abdominal dressing, abdominal surgery, randomized trial, surgi-
cal site infection, wound edge protection device, wound edge protector, wound
guard, wound infection


(Ann Surg 2014;260:730–739)


S urgical site infections (SSIs) are one of the most common surgi-
cal complications and a major cause of postoperative morbidity,


prolongation of hospital stay, health care costs, and even mortality.
An estimated 300,000 to 500,000 SSIs occur in the United States
annually.1–3 In Germany an estimated 60,000 to 128,000 new cases
are reported per year.4,5 In abdominal surgery, SSI rates from 14%
to more than 30% have consistently been reported depending on the
level of contamination6–9 and are higher in prospective trials with
adequate follow-up 10–15 and in colorectal surgery.16 Multiple studies
have shown an increase in the length of hospital stay in patients with
SSIs.3,17–19 The resulting direct and indirect costs cause substantial
expenses to the health care system.20–23


As most SSIs after abdominal surgery are caused by endoge-
nous bacteria from the skin or the gastrointestinal tract,24 creating
a physical barrier between the wound edge and the contaminated
surgical field could theoretically reduce SSIs. This concept lead to
the development of wound edge protection devices, which cover the
skin, subcutaneous tissue, muscle, and fascia upon laparotomy by
an impervious drape attached to a semi-rigid plastic ring, which
is placed in the abdominal cavity. Several trials have explored the
concept of these circular wound edge protectors (CWEPs) in ab-
dominal surgery with some reporting a benefit25–29 whereas others
failed to shown an effect.30–33 Two recent meta-analyses could show
a reduction in SSIs after the use of CWEPs34,35; however, most in-
cluded trials were of poor methodical quality, lacked standardized SSI
definitions and blinding, were small, or were conducted at a single
center.


BaFO aimed to investigate whether the application of a CWEP
reduces the rate of SSIs within 30 postoperative days in abdominal
surgery.


METHODS


Trial Design
This manuscript is written in accordance with the CONSORT


guidelines for reporting randomized controlled trials (RCT). BaFO
was a multicenter, observer and patient blinded, RCT with 2 parallel
study groups conducted at 16 sites across Germany ranging from
university hospital to community departments. The study protocol has
been published before.36 Enrolled patients were randomly assigned in
a 1:1 ratio. No important changes to trial methodology occurred after
commencement. However, the initially planned interim analysis after
recruitment and follow-up of 340 patients was not conducted because
of organizational hurdles having to stop and restart the trial at a time
of fast recruitment. All centers and ethics committees approved this
amendment.


Participants
To enhance generalizability, BaFO featured broad inclusion


and few exclusion criteria. All patients scheduled for elective open
abdominal surgery requiring a median or transverse laparotomy were
eligible, given their ability to understand extent and nature of the trial
as well as their written informed consent. Patients participating in


the BaFO trial had to be 18 years or older, and the planned oper-
ation had to be classified as clean or clean-contaminated preopera-
tively according to CDC (Centers for Disease Control and Prevention)
definition.37


Exclusion criteria were (a) American Society of Anesthesiol-
ogists (ASA) grade greater than 3 on preoperative assessment; (b)
pregnancy or breastfeeding; (c) previous laparotomy within the last
60 days before trial intervention; (d) planned relaparotomy within
30 days; (e) planned contaminated operations on preoperative as-
sessment; (f) abdominal operation without transverse or midline la-
parotomy; (g) concurrent abdominal wall infections; (h) severe pre-
operative neutropenia defined as leucocyte less than or equal to
0.5 × 109/L; (i) liver cirrhosis Child-Pugh B or C; and (j) severe
immunosuppression.36


Interventions
Immediately after laparotomy patients in the intervention


group received wound edge coverage (skin, subcutaneous tissue,
muscle, fascia) with a single-ring CWEP (Steri-Drape Wound Edge
Protector, 3M, St. Paul, MN) (supplement 1, available at http://
links.lww.com/SLA/A661). Patients in the control group had their
wound edges covered with surgical towels (supplement 1, available at
http://links.lww.com/SLA/A661). CWEPs and towels were left in situ
for the duration of the entire surgery and were removed immediately
before closure of the fascia.


Outcomes
Primary endpoint of this superiority trial was the incidence of


SSIs (superficial, deep, organ-space) according to the definition of the
CDC (supplement 2, available at http://links.lww.com/SLA/A661).37


Postoperative follow-up visits by a blinded observer trained in the
CDC SSI definitions were performed at postoperative days 2, 4, 6, 8,
10 to 14 and 30 to 45. In the rare case of more than 1 surgical incision,
superficial and deep SSIs at the second site (eg, thoracic or perineal)
were not counted as primary endpoint as the CWEP was only inserted
in the laparotomy wound. The secondary outcome measure was the
intraoperative core body temperature measured at the beginning and
at the end of surgery via nasal, rectal, transurethral, or central venous
probes. No changes to trial outcome measures occurred.


Sample Size
Sample size calculation was based on the primary endpoint


of SSIs within 30 days postoperation and was conducted by using
nQuery Advisor software version 7.0 (Statistical Solutions Ltd, Cork,
Ireland). On the basis of the assumption that the percentage of patients
developing SSIs is approximately 16% for the control group14–16,29


and can be reduced to 8% in the experimental intervention arm, a
group sample size of 258 patients was need to be compared by the χ2


test, to achieve 80% power in detecting this difference at a 2-sided
level of significance of 5%. The recruitment target was extended to
600 patients to incorporate an assumed 15% dropout rate.


Randomization, Blinding and Monitorin
Randomization was performed with the help of sealed, opaque,


sequentially numbered envelopes. The envelopes contained data
sheets with information regarding the group allocation and the ran-
domization number. The randomization sequence was computer-
generated using the standard continuous uniform distribution. It was
stratified by center and blockwise (block size = 10). Randomization
was performed after inclusion of the patient in the trial or in the period
between inclusion and the trial intervention (day of surgery) or at the
day of surgery. Randomization sheets were dated, signed, and stored
away from the patient records, the trial documents, and the investiga-
tor site file to ensure blinding. Patients, outcome assessors, and the
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trial statistician were blinded for the trial intervention. The outcome
assessor was neither part of the surgical team that performed the trial
intervention nor did he have access to the randomization sheets. Pa-
tients were blinded as they were under general anesthesia during trial
intervention. Monitoring of the trial was carried out as described be-
fore 36 (supplement 3, available at http://links.lww.com/SLA/A661).


Statistical Methods
The statistical analysis was performed by a statistician at the


Institute for Medical Statistics and Epidemiology of the Technische
Universität München, who was blinded until database hard lock and
unblinding had occurred. The primary analysis was conducted ac-
cording to the intention-to-treat (ITT) principle. The ITT analysis set
included all patients who underwent laparotomy and was analyzed
as randomized. Missing data for the primary endpoint were imputed
in a conservative way: patients with missing primary outcome data
other than death and relaparotomy were considered as non-SSI cases
if they belonged to the control group and as SSI cases if they were
randomized to the innovative treatment arm or missing values were
considered as SSIs in both groups.


For sensitivity analysis of the primary endpoint, per protocol
and complete case analyses were conducted. Furthermore, the impact
of center effects on study treatment was analyzed using binary logistic
regression with dependent variable SSI and covariates treatment and
center. Also, possible baseline imbalances were adjusted for using
binary logistic regression.


Prespecified subgroup analyses or treatment group compar-
isons were performed for rate of superficial SSIs (according to CDC);
rate of deep and organ space wound infections (according to CDC);
rate of postoperative SSIs (superficial/deep/organ space) stratified by
the National Nosocomial Infection Surveillance (NNIS) risk score6;
and rate of postoperative SSIs (superficial/deep/organ space) stratified
by colorectal and noncolorectal operations.


Secondary analyses were conducted in an explorative manner.
Kaplan-Meier analysis was employed for time to event endpoints.
The χ 2 test was used to compare frequency data between intervention
groups. As appropriate, the independent sample Student t test, Mann-
Whitney U test, or analysis of covariance was employed for group
comparisons of quantitative data.


Safety analysis includes description and comparison of the
frequency of adverse and serious adverse events in the 2 intervention
groups. For the statistical analysis, IBM SPSS Statistics version 21.0
was used (IBM Corp, Armonk, NY).


RESULTS


Participants
From September 2010 to November 2012, we enrolled 608


consecutive patients at 16 German centers and randomized 305 in
the control group (towels) and 303 in the intervention group (CWEP)
(Fig. 1). Of these, 6 patients in the control group and 37 patients in
the intervention group did not receive the allocated intervention. Of
all patients randomized, 14 had to be excluded from the intention-
to-treat set, because they did not undergo laparotomy (control, n
= 11; intervention, n = 3). From the 294 patients who were ran-
domized and underwent laparotomy in the control group, primary
outcome parameters at postoperative day 30 to 45 were not recorded
in 22 cases, because of relaparotomy (n = 9), death (n = 4), loss to
follow-up (n = 8), or adverse events (n = 1; sepsis). Correspondingly,
of the 300 patients who were randomized to the CWEP group and
underwent laparotomy, primary outcome parameters were missing in
26 cases, because of relaparotomy (n = 9), death (n = 7), loss to
follow-up (n = 5), adverse events (n = 3; peritonitis, mechanical
bowel obstruction, sepsis), withdrawal of informed consent (n = 1),


Allocated to intervention (CWEP) (n= 303 )
 - Received CWEP (n=  263)
 - Received towels (n=  37)


Assessed for elegibility
n= 716


R


randomized n= 608


Allocated to control (towels)  (n= 305)
 - Received towels (n=  288)
 - Received CWEP  (n=  6)


Allocation


excluded (n= 108)
 - Not Randomized (n=  4)
 - Not meeting inclusion criteria (n= 54)
 - Declined to participate (n= 41)
 - Other reasons (n= 9)


No laparotomy n=3


Enrollment


Primary endpoint not recorded (n= 26)
 - Relaparotomy (n= 9)
 - Death (n= 7)
 - Lost to follow-up (n= 5)
 - Adverse event (n=3)
 - Withdrawal of informed consent (n= 1)
 - Protocol violation (n= 1)


Follow-Up


Analysis


Allocated to control and received 
laparotomy;  included in intention 
to treat analysis  (n=294)


Allocated to control and received 
laparotomy;  included in intention 
to treat analysis  (n=300)


Primary endpoint not recorded (n= 22)
 - Relaparotomy (n= 9)
 - Death (n= 4)
 - Lost to follow-up (n= 8)
 - Adverse event (n=1)


1.) ITT set  (n= 294)


2.) Complete case set (n= 272) 
    
3.) Per protocol set (n= 267)


1.) ITT set  (n= 300)


2.) Complete case set (n= 274) 
    
3.) Per protocol set (n= 240)


No laparotomy n=11


FIGURE 1. Flowchart of participants in the BaFO trial.


and protocol violation (n = 1, patient under immunosuppression
meeting exclusion criteria). Patients’ demographics, comorbidities,
and ASA classifications are listed in Table 1A and do not differ sub-
stantially between the 2 groups at baseline apart from allergies, which
were more frequent in the control group while ASA grade 3 patients
were more common in the intervention group. Procedural charac-
teristics are listed in Table 1B showing no difference between both
groups.


Surgical Site Infections
The primary analysis was performed in the ITT set assuming


that all missing data (22 in the control group and 26 in the CWEP
group, Fig. 1) develop SSIs. In this ITT population, 74 of 294 patients
(25.5%) in the control group and 53 of 300 patients (17.7%) in the
CWEP group experienced SSIs [OR (odds ratio) = 0.638, 95% CI
(confidence interval): 0.429 to 0.949, P = 0.026] (Table 2). The
results were consistent across all centers, that is, no center effect
was observed (PWald = 0.217). Adjusting for baseline covariates (eg,
ASA score; Table 1) made the treatment difference slightly more
pronounced.


In the complete case population, a total of 79 SSIs were
recorded within 30 to 45 days of surgery, 52 of 272 patients (19.1%)
in the control group (towels) and 27 of 274 (9.9%) in the intervention
group (CWEP) (OR = 0.462; 95% CI: 0.281–0.762; P = 0.002).
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TABLE 1. A, Characteristics of Patients Undergoing Laparotomy in the Control Group (Wound Edge Protection With
Surgical Towels) and in the Intervention Group (Wound Edge Protection With Circular Plastic Wound Edge Protector);
B, Procedural Characteristics in Patients Undergoing Laparotomy in the Control Group (Wound Edge Protection With
Surgical Towels) and in the Intervention Group (Wound Edge Protection With Circular Plastic Wound Edge Protector)


A
Control (Towels) (n = 294) Intervention (CWEP) (n = 300)


Age (yrs) 67.0 (29–90) 69.0 (19–95)
Body mass index 25.0 (15.4–48.8) 24.8 (15.3–46.1)
Male 169 (57.5%) 168 (56.0%)
Female 125 (42.5%) 132 (44%)
Diabetes 55 (18.7%) 61 (20.3%)
Previous chemotherapy 82 (27.9%) 83 (27.7%)
Previous radiation therapy 46 (15.6%) 37 (12.3%)
Allergies 80 (27.2%) 37 (12.3%)
Current smoker 56 (19.0%) 55 (18.3%)
Alcohol consumption 107 (36.4%) 111 (37.1%)
ASA grade


1 26 (8.8%) 23 (7.7%)
2 150 (57.8%) 149 (49.7%)
3 98 (33.3%) 127 (42.3%)
4 0 1 (0.3%)


B


Type of surgery
Colorectal 157 (54.9%) 158 (53.0%)
Small bowel 7 (2.4%) 8 (2.7%)
Hepatobiliary 16 (5.4%) 13 (4.3%)
Pancreatic 31 (10.5%) 30 (10.0%)
Gastric 39 (13.3%) 41 (13.7%)
Esophageal 26 (8.8%) 24 (8.0%)
Nephrectomy 5 (1.7%) 3 (1.0%)
Others 13 (4.4%) 16 (5.3%)
Unknown 0 1


Skin prep used
Ethanol based 8 (2.7%) 8 (2.7%)
Isopropyl-Alcohol based 114 (38.9%) 114 (38.0%)
Aqueous Povidone-Iodine based 171 (58.4%) 178 (59.3%)


Degree of contamination
Clean 54 (18.4%) 54 (18.0%)
Clean contaminated 235 (79.9%) 240 (80.0%)
Contaminated 4 (1.4%) 6 (2.0%)
Dirty infected 1 (0.3%) 0
Duration of surgery (h) 3.3 (0.8–9.6) 3.3 (0.6–11.1)
NNIS index 1 (0–3) 1 (0–3)


Antibiotic given
Preoperative antibiotic therapy 27 (11.1%) 24 (9.9%)
Prophylactic antibiotic 290 (98.6%) 293 (97.7%)


Numbers are median (min–max) or n (%) as appropriate. Degree of contamination according to Centres for Disease Control and Prevention.6


For further sensitivity analysis, we performed a per-protocol anal-
ysis showing 52 SSIs in 267 patients (19.5%) in the control group
and 25 SSI in 240 patients (10.4%) in the intervention group (OR =
0.481; 95% CI: 0.288–0.803; P = 0.005). Finally, given the signifi-
cant reduction in SSIs in the CWEP group in our previous analyses,
we performed an analysis of the ITT population, considering miss-
ing values for reasons other than death or relaparotomy as SSIs the
intervention group (CEWP; n = 10) and as non-SSI cases in the
control group (n = 9). Deaths and relaparotomies were counted as
SSIs (control, n = 13; CWEP, n = 16). In this “worse case scenario”
for the CWEPs, 67 SSIs would occur in 294 patients in the con-
trol group (22.8%) in comparison with 53 SSIs in 300 patients in
the intervention group (17.7%) (OR = 0.727, 95% CI: 0.486–1.088;


P = 0.120) meaning that in this extreme case the intervention failed
to significantly reduce SSIs (Table 2).


The results were consistent across the assessments made
at different time points within the study. Kaplan-Meier curves
of SSIs rates over time for both groups based on the ITT set
are shown in Figure 2. As can be seen, the cumulative infec-
tion rate curves run parallel, that is, the control group has sig-
nificantly higher infection rates compared to the CWEP group
throughout the study period (P[log-rank] = 0.002). Furthermore,
there was no significant difference in depth of SSIs (superficial,
deep/organ space),37 among control and intervention group, that is,
depths of wound infections were comparable between both groups
(Table 3A).
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TABLE 2. Primary and Secondary Endpoints in Patients Undergoing Laparotomy With and Without a Circular Wound Edge
Protector (CWEP)


Control (towels) Intervention (CWEP) OR (95% CI) NNT (95% CI) P∗


Primary outcome (SSI within 30–45 d)
Intention to treat‡ n = 294, 74 (25.2%) n = 300, 53 (17.7%) 0.638 (0.429–0.949) 13.3 (7.1, 107.8) 0.026


Sensitivity of primary endpoint
Complete case n = 272, 52 (19.1%) n = 274, 27 (9.9%) 0.462 (0.281–0.762) 10.8 (6.6, 29.3) 0.002
Per-protocol (as treated) n = 267, 52 (19.5%) n = 240, 25 (10.4%) 0.481 (0.288–0.803) 11.0 (6.6, 34.1) 0.005
“Worst case”§ n = 294, 67 (22.8%) n = 300, 53 (17.7%) 0.727 (0.486–1.088) 19.5 (8.6, 75.3) 0.120


Secondary endpoint (body temperature) P†
Start of surgery 36.1 (34.4–37.7) 36.0 (34.3–37.3) >0.05
End of surgery 36.0 (34.0–37.8) 36.1 (33.0–38.8) >0.05
Change −0.1 (−2.4 to 1.9) 0.0 (−2.2 to 2.8) >0.05


Figures are n (%) of patients unless otherwise specified. For body temperature (secondary endpoint) numbers indicate median (min–max) of temperature in degree Celsius.
∗χ2 test.
†Independent samples t test.
‡Missing values are counted as SSI in both groups.
§Missing values other than laparotomies and deaths are counted as SSIs in the CWEP group and as non-SSIs in the control group.


FIGURE 2. Kaplan-Meier curves of SSI rates in the control (tow-
els, black) and intervention (CWEP, grey) groups across the
study period calculated in the intention-to-treat set. Missing
values are censored. Prespecified study visits were performed
at postoperative days 2, 4, 6, 8, 10–14, 30–45.


Subgroup Analysis
We conducted prespecified subgroup analyses in the complete


case set for NNIS risk index subgroups and colorectal versus noncol-
orectal surgery as well as a post-hoc exploratory subgroup analysis for
degree of contamination (clean vs clean-contaminated/contaminated)
(Table 3B).


The only NNIS risk subgroup, we could find a significant effect
in was NNIS score 1: in the control group 31 SSIs occurred in 165
patients versus 14 SSIs in 155 patients in the CWEP group (OR =
0.429; 95% CI: 0.219–0.842; P = 0.014). The other NNIS risk
groups (score 0 and >1) showed no significant treatment differences
(Table 3B).


A significant reduction of SSIs was seen in the CWEP com-
pared to the control group within the subgroup of colorectal surgeries
(22.4% control vs 9.7% CWEP; OR = 0.374; 95% CI: 0.190–0.735;


P = 0.003). This difference was not observed in noncolorectal
surgeries (Table 3B) and confirms a recent meta-analysis.34


Correspondingly, a significant effect was seen in the subgroup
undergoing clean-contaminated or contaminated surgeries (21.3%
control vs 11.6% CWEP; OR = 0.484; 95% CI: 0.287–0.814;
P = 0.006) in comparison to no effect in clean surgeries (Table 3B).


Secondary Outcome Parameter
As secondary outcome parameter, we investigated the core


body temperature in the control and intervention group, hypothesizing
that coverage of the body with the impermeable polyethylene sheet
would reduce loss of temperature during surgery. However, we did
not find a difference in median core body temperature between the 2
groups, neither at the beginning nor at the end of surgery (Table 2).
Consequently, median change in body temperature was comparable
between the 2 groups (Table 2).


Safety Analysis
A total of 11 patients died within 30–45 days of surgery (4


in the control group and 7 in the interventional group). None of
the deaths was associated with the device. Furthermore, no device-
related adverse events were reported (supplement 4, available at http:
//links.lww.com/SLA/A661).


DISCUSSION
Impervious CWEPs have gained considerable attention in re-


cent years, as the use of CWEPs is an economical intervention that
promises to reduce SSI rates. In the BaFO trial, we have found that
the use of a CWEP significantly reduces the rate of SSIs in open elec-
tive abdominal surgery. This finding is in line with several previous
smaller RCTs25–27,29 and 2 recent meta-analyses34,35 testing the same
(single ring) or similar (double ring) devices. However, conflicting
results have also been reported.31–33,38 Most previous trials displayed
considerable potential risk of bias.34,35 The BaFO trial was designed
and conducted to overcome these limitations.


Strengths and Weaknesses
BaFO was conducted at 16 sites across Germany including


more than 600 patients. We used a blockwise randomization pro-
cedure to create structural balance. As a result, the patient groups
in our study were well matched. We blinded patients and outcome
assessors throughout the study and trained wound assessors in SSI
evaluation according to CDC definitions to ensure comparable wound
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TABLE 3. A, Analysis of Depth of Wound Infections Between Control Group (Towels) and Intervention (CWEP); B, Subgroup
Analysis (Complete Case Set) Between Control and Intervention for Different NNIS Risk Subgroups, Colorectal Versus
Noncolorectal Cases and Clean Versus Clean-Contaminated/Contaminated Surgeries


A


Control (Towels) (n = 52) Intervention (CWEP) (n = 27) P∗


Depth of wound infection 0.547
Superficial (% of all SSIs) 36 (69.2%) 17 (63%)
Deep/organ space (% of all SSIs) 16 (30.8%) 10 (37%)


B


Control (Towels) Intervention (CWEP) OR (95% CI) P∗


NNIS risk index (SSIs/patients; %)
0 13/70 (18.6%) 7/67 (10.5%) 0.512 (0.190–1.374) 0.183
1 31/165 (18.8%) 14/155 (9.0%) 0.429 (0.2119–0.842) 0.014
>1 8/36 (22.2%) 6/51 (11.8%) 0.500 (0.157–1.597) 0.242


Colorectal surgery
No 19/121 (15.7%) 13/128 (10.2%) 0.607 (0.285–1.290) 0.191
Yes 32/143 (22.4%) 14/144 (9.7%) 0.374 (0.190–0.735) 0.003


Degree of contamination
clean 5/51 (9.8%) 1/49 (2.0%) 0.192 (0.022–1.704) 0.192
Clean contaminated/contaminated 47/221 (21.3%) 26/225 (11.6%) 0.484 (0.287–0.814) 0.006


∗χ2 test.


assessments across centers. In addition, an on-site clinical monitoring
by an independent third-party clinical monitor was conducted at all
centers to verify the blinding process and to assure data quality.36 As
a consequence, we did not detect any center effect in our analyses.


In contrast to some previous trials, we employed the in-
ternationally accepted SSI definition of the CDC.37 Accordingly,
the primary outcome was evaluated for a minimum of 30 days
postoperative.37 To ensure complete reporting of all SSIs across the
entire study period, patients were evaluated frequently at predefined
time points. Given that missing data were comparable between both
groups and that the most frequent cause for this was relaparotomy or
death, we believe that a robust quality assured follow-up was imple-
mented in both study arms.


The baseline infection rate of 19.1% in the control group was
well in line with data from previous RCTs in abdominal surgery.14,15


Likewise, the SSI rate of 22.4% in the colorectal subgroup is compa-
rable to data reported in previous colorectal trials16,29,39 supporting
the validity of our data. Similarly, the occurrence of SSIs over time
(Fig. 2) was in line with previously published data25,29,37,40 and com-
parable between both groups, further arguing against an observational
bias in our study.


There are, however, several potential limitations to our trial.
BaFO only included patients undergoing elective surgery, meaning
that our results may not apply to emergency cases. Consequently,
we included only planned clean or clean-contaminated surgeries,
as these represent the majority of elective operations. Although,
there were some contaminated surgeries performed in BaFO, their
number (11) was limited and our results, therefore, may not be
applicable in this setting. Furthermore, we excluded patients with
severe comorbidities (ASA ≥ 4), as we wanted to reduce the num-
ber of patients lost to follow-up. Despite these measures, we had
a considerable amount of relaparotomies and deaths in both study
arms, which can be explained by the extensive surgeries in some pa-
tients including esophagectomies, multivisceral resections, and hep-
atobiliary/pancreatic resections. Because of these cases as well as
some patients lost to follow-up, primary endpoint data at day 30 to
45 was not available in all cases. Although we conducted our pri-
mary endpoint analysis in the complete case set as well as in the


intention-to-treat set, an analysis, simulating a “worse case scenario”
for the CWEPs, failed to show a significant effect of the intervention,
albeit only slightly in the colorectal surgery subgroup. Therefore, our
data lack some robustness.


Comparison With Previous Trials
Many previous trials investigating CWEPs have been


performed, but so far only 3 multicenter RCTs have been
conducted.29,32,38 One reported a benefit,29 whereas 2 others failed to
do so,32,38 including a recent large multicenter RCT from the UK by
Pinkney and colleagues. For a detailed comparison, see supplement
5, available at http://links.lww.com/SLA/A661.


Method of Action
Ultimately, it is unclear why CWEPs have failed to reduce in


SSIs in some trials, but not in others, as CWEPs have been shown to
efficiently protect incisions from bacterial invasion in microbiolog-
ical studies.41 It is therefore likely that the pathogens causing SSIs
are introduced to the wound when the CWEP is not in place, either
at the beginning or at the end of surgery or during the postopera-
tive period. It is therefore likely that some underlying difference in
the clinical management might explain the observed differences. As
pointed out by the authors of a recent trial from the UK, the most
important difference that might have had a considerable impact on
the negative trial outcome is that in the UK in contrast to Germany,
it is not standard to change gloves, instruments, or drapes before
closure of the abdomen. It is therefore conceivable that touching
the wound edges with contaminated gloves and instruments during
closure of the abdomen might have counteracted the potential ben-
efits of the CWEP. Evaluating this practice in combination with a
CWEP would be worth considering and might resolve the conflicting
results.


CONCLUSION
Our findings indicate that CEWP is an effective measure to


reduce SSIs in open elective abdominal surgery in patients un-
dergoing clean or clean-contaminated surgery. BaFO is the first
large multicenter RCT to show the efficacy of CWEP in abdominal
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surgery and supports results from previous meta-analyses including
trials with considerable risk of bias.34,35 Subgroup analyses indicate
that the effect might be more pronounced in surgeries with a high
risk of infection like colorectal or clean-contaminated/contaminated
cases.
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DISCUSSANTS


S. Biondo (Barcelona, Spain):
In this study, the authors investigated an important and current


topic, namely wound infection in abdominal surgery. They observed
that a CWEP is effective in reducing the incidence of SSIs in elective
and clean-contaminated open abdominal surgery.


The strengths of the trial are the double-blind randomization,
the multicenter design, the high number of included patients, the
stratification of centers, and the external monitoring.


Despite the well-defined exclusion criteria and the complete
statistical analysis performed to reduce the risk of bias, some aspects
of the study raise a number of questions.


In my opinion, the more homogeneous the patients included in
a randomized study are, the more reliable the results are, and hence,
a potential generalized applicability is increased.


I think that the study should have included homogeneous pa-
tients, in terms of the type of operation and grade of contamination. In
fact, in accordance with the definition of clean or clean-contaminated
surgery, expected postoperative SSI rates are quite different, ranging
from 2% to about 24%.


In this sense, the most significant weaknesses of this study are
contained within 2 aspects.


First, even if both groups of the patients are statistically
comparable, the types of the operation included are very heteroge-
neous. Most of the operations are colorectal surgeries, but others are
esophageal and gastric, nephrectomy and 5% of them are unknown.


Within each subgroup, the type of operation should also have
been analyzed, reported, and compared, as different techniques bear
alternate risks of SSI. Was the reason you chose surgery a benign or
malignant disease? How many multivisceral resections or exploratory
laparotomies did you perform?


At least, the design of this study should have been stratified for
these types of operations.


Actually, in the subgroup analysis of the study, differences
were only observed for colorectal operations.


Although the intervention of the trial deals with wound infec-
tion, the results analyzed include all SSI categories. As the authors
state in the Methods section, the CDC system defines clear criteria
to classify SSIs, differentiating incisional from organ/space infec-
tions, in most cases related with anastomotic dehiscence. Why did


you include organ-space infection as a primary end-point? How do
you think the CWEP could have influenced organ space infection re-
lated to the anastomotic dehiscence of colorectal cancer, esophageal
resection, or biliary and pancreatic tract failure?


I also have the following minor comments:
Characteristics of patients, such as the use of systemic steroids,


nutritional status, or the need for a blood transfusion, which could
have influenced postoperative SSI, were not reported. Before surgery,
why was antibiotic treatment for any other type of infection not con-
sidered as an exclusion criterion?


The contaminated operation was considered as an exclusion
criterion in your published protocol. However, 11 patients who under-
went a contaminated surgery were included. Why didn’t you consider
these patients as a violation of protocol, and therefore, exclude them
from the analysis assuming the dropout rate?


In my opinion, when you analyze infection rates in subgroups
and compare these to the use of the device, results should be inter-
preted with caution because of the potential underpowered analysis.


Advances in the control of infection include the implemen-
tation of different measures, from antimicrobial prophylaxis to the
use of new sutures covered by triclosan. Did all the included centers
follow the same SSI prevention policy? Why did you use 3 different
types of skin preparation?


The CDC defines deep incisional SSI as any wound infection
that occurs within 30 days after operation if no implant is left in place,
and within 1 year if an implant (a mesh, for example) is in place. Did
you take into account this aspect for the exclusion criteria? Did you
use a mesh in some patients?


Response From A. Mihaljevic (Munich, Germany):
Thank you very much for these comments. You pointed out


some of the weaknesses of our trial and I will try to answer your
questions as precisely as possible. The first question concerns the
included patient population and why it was not more homogeneous.
Our trial was designed pragmatically, with a high rate of external
validity. We wanted to reflect everyday surgical practice, which is
why we chose broad inclusion criteria, few exclusion criteria and
used a multicenter RCT design. In addition, BaFO centers ranged
from university hospitals to community hospitals, further increasing
the generalizability of our results while reducing internal validity,
as you have correctly pointed out. For the same reason, we did not
standardize skin preparation, antibiotic prophylaxis, or the sutures for
the closure of the abdominal wall. However, given that both groups
were well balanced, in respect to their demographic baseline data and
the procedural characteristics, we strongly believe that our results
are reliable. Furthermore, all SSI risk factors that we have recorded
(diabetes mellitus, smoking, body mass index, NNIS risk score, du-
ration of surgery, antibiotic prophylaxis, skin preparation, etc) were
balanced between the 2 groups. Only ASA scores were unbalanced,
with more patients in the interventional group having ASA III com-
pared to the control group; that is, the interventional group contained
sicker patients than the control group, potentially disfavoring the in-
tervention.


You correctly pointed out that there are known risk factors that
we did not document (eg, the use of systemic steroids, nutritional
status, or the need of blood transfusion); however, I would like to
underline that severe immunosuppression, for example, steroid treat-
ment with more than 10 mg prednisone daily (or an equivalent dose
of any other steroid), was an exclusion criterion for our trial. Further-
more, you correctly pointed out that preoperative antibiotic therapy
was not an exclusion criterion but should have been. However, as
both groups contain comparable numbers of patients on preoperative
antibiotic therapy, results should not have been influenced. The most
frequent reason for antibiotic treatment was a urinary tract infection.
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As pointed out earlier, given the broad inclusion and few
exclusion criteria, surgeries in our trial varied from colorectal,
hepatobiliary-pancreatic, urologic, general abdominal, esophageal,
retroperitoneal, and other surgeries. We feel that this is justified, as it
reflects a general surgical population, and all of these surgeries fall
into the clean or clean-contaminated category of surgeries. There-
fore, they have comparable SSI rates. A number of previous trials
were conducted in similar patient populations. We have collected
data on surgical diagnosis, malignant/benign disease, and surgical
technique, but we refrained from including these details, given the
set word limit. Furthermore, we are unsure whether these details re-
ally add useful information, given the comparable rate of SSI for all
colorectal, hepatobiliary, pancreatic, and other surgeries.


We would also like to clarify a misunderstanding. There was
only a single surgery performed in the BaFO trial, which was un-
known. Roughly 5% of the surgeries in both groups were classified
as “other types of surgery,” that is, they did not fall into the cate-
gories of colorectal, small bowel, hepatobiliary, pancreatic, gastric,
esophageal, or nephrectomies but were by no means unknown. Exam-
ples are exploratory laparotomies or retroperitoneal tumor resections.


You mention an important point concerning the 11 patients who
were deemed to undergo clean or clean-contaminated surgeries upon
preoperative assessment (and were, therefore, included in the BaFO
trial) but ended up having contaminated surgeries (as can happen, eg,
in gastrointestinal surgery, when there is an unexpected gross spillage
from the gastrointestinal tract or a break in sterile technique). As you
have pointed out, these patients were not excluded from the analysis;
there was no violation of the protocol (preoperative planned clean and
clean-contaminated surgery was the predefined inclusion criterion,
not the actual intraoperative grade of contamination). Furthermore,
as 5 of these patients were in the control group, whereas the other
6 were in the intervention group, we believe that excluding these
patients would not have influenced our results.


We stratified out randomization by center only, and not by type
of surgery, as you have highlighted. But, given the comparable rates
of clean and clean-contaminated surgeries and SSI risk factors, across
both groups, we believe that randomization was sufficient to avoid
systematic bias.


Your next comment concerns our primary endpoint. We chose
SSI infections, as defined by the CDC, as the primary endpoint of
our trial, as we believe that it is the only internationally accepted
definition of SSI and has been successfully used in multiple trials
before. We have included all subgroups of SSI (superficial, deep, and
organ-space), as we feel that reducing just one of these subgroups
might be clinically less relevant than looking at all SSI subgroups.
It is tempting to assume that the wound edge protector would only
reduce superficial and deep SSIs, while having no effect on organ-
space SSIs. However, as the ring drape is placed in the abdominal
cavity and shields a good part of the parietal peritoneum as well,
this assumption might not be entirely true. Anyhow, we are unable
to answer this question with our current trial data, as we did not
distinguish between deep and organ-space infections in BaFO. As
can be seen from our results, the wound protector primarily reduces
superficial SSIs and deep/organ-space infections. Yet, whether the
effect was due to a reduction in deep or organ-space infections or
both remains unclear. However, I fully agree with the reviewer that
the wound protector has no influence on anastomotic dehiscence.


Concerning the length of the follow-up, we aimed to apply a
period of 30 days. Nonetheless, as you correctly point out, in patients
with implants, this period should be prolonged to 1 year. However,
there was only a single patient who received a mesh in our trial, and 1
additional patient received a PTFE-vascular patch. Again, distribution
was balanced between the groups (1 in the control and 1 in the
interventional group). The follow-up period of 1 year showed that an


SSI still had not occurred in these patients. But, we fully agree that
these patients should be excluded in future trials when the follow-up
period is limited to 30 days.


I would like to point out that the reported SSI rates in our trial
are well in line with previous data obtained from other RCTs.


Finally, I would like to answer your question on whether all
centers used the same prevention policy. As stated earlier, we did not
standardize preventive measures down to defining the exactly same
antibiotic or suture material, but all centers followed standard pre-
vention policies in accordance with current German guidelines. As
can be seen from the procedural data, nearly all the patients within
the 2 groups received preoperative antibiotic prophylaxis and ac-
cepted skin preparation preoperatively. Concerning triclosan sutures,
our CHIR-Net study group has recently reported the results of a large
multicenter trial, which compared triclosan-coated to uncoated su-
tures for abdominal wall closure (PROUD trial; Diener et al, Lancet,
2014; doi:10.1016/S0140-6736(08)61345-8) and we were unable to
find a difference between the 2 groups.


DISCUSSANTS
O. Farges (Clichy, France):


Thank you for this interesting study. I have 3 questions. First,
the incidence of SSI appears relatively high in this study, consider-
ing the type of surgery performed. Assessing a specific endpoint in
a controlled study is frequently associated with a reduction in the
incidence of this endpoint (the so-called Hawthorne effect). Does this
mean that the incidence of SSI was even higher before the onset of
this study? My second question relates to the standardization of con-
founders. You showed that skin disinfection in the operating room
was the same in the 2 groups. Were other measures of SSI prevention,
such as preoperative showering, shaving, or antibiotic prophylaxis
also standardized? Similarly, was the duration of surgery also the
same in the 2 groups? My third question relates to the evaluation of
SSI. You showed the timing of the evaluation while the patient was
in hospital. How was this evaluation performed between the time of
discharge from hospital and the final evaluation at postoperative days
30 to 45? Frequently, superficial SSI develops after discharge and is
only resolved by day 45.


Response From A. Mihaljevic (Munich, Germany):
Thank you very much for your questions. Your first question


concerns the rate of SSI in our group. These rates are inflated in
the intention-to-treat analysis, as we prespecified a conservative way
of imputation by counting all missing data as SSI. As there were
slightly more patients with missing data in the intervention group, this
disfavored the intervention. Looking at the complete case population,
that is, only those patients who completed their follow-up by day 30,
we found 19.1% of SSIs in the control group and 9.9% of SSIs in the
intervention group. These rates are well in line with previous RCTs,
which used the CDC definition as an endpoint.


We have no data to support or refute the Hawthorne effect.
Traditionally, rates of SSI are underestimated in cohort studies or
registries, as the 30-day follow-up period is not strictly implemented
and observers are unblinded or unclear definitions are used. But, as I
have pointed out, our results are not uncommon and are in line with
previous trial data, not only from Germany but also from the UK and
the United States.


Measures of SSI prevention, other than those specified in the
protocol, were standardized only in so far as all participating centers
adhered to current German guidelines. As pointed out earlier, antibi-
otic prophylaxis and skin preparation was comparable between both
groups, as was the duration of surgery and NNIS risk index. We did
not, however, collect data on preoperative showering.
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Your last question concerns the follow-up period. We prede-
fined follow-up visits in our protocol, and patients were evaluated
by blinded outcome assessors on postoperative days 2, 4, 6, 8, 10 to
–14, and 30 (+15 days). Frequently, patients were discharged within
1 week and, therefore, had to return for follow-up visits on postopera-
tive days 8, 10 to –14, and 30. We believe our visit schedule was tight,
especially when compared to previous trials in this field, and we do
not believe that we have missed any SSIs in our patient population.


DISCUSSANTS
G. Zaninotto (London, UK):


Many thanks for your excellent presentation. You are probably
aware of the ROSSINI trial. It was a multicentric randomized trial
conducted in UK with a design very similar to your study and more
or less the same number of patients enrolled per arm. This study was
published in the British Medical Journal last year (2013) and the
cost-analysis of the same trial has just come out on PLOS. Briefly,
this study led to results completely different from yours, namely that
the use of the wound edge protective device did not prevent wound
infection. In fact, according to the authors of the Rossini Trial, the
use of a wound protective device is a waste of time and of money.
Could you please comment on this?


Response From A. Mihaljevic (Munich, Germany):
I hoped that this question would be raised. First, I would like


to mention that there were a number of smaller, low-quality trials
performed before BaFO and ROSSINI. Two meta-analyses of these
trials were published in 2012 in Annals of Surgery (Gheorghe et al,
Edwards et al), which showed results very much in line with our data,
that is, wound edge protectors are effective in reducing SSIs.


The BaFO and the ROSSINI trials are indeed very similar, and
there is no clear explanation why the wound protector worked in our
trial but not in the ROSSINI trial. However, there are some noteworthy
differences between the 2 trials. First of all, we only included elective
surgeries, whereas less than 50% of the patients in the ROSSINI trial


were elective cases. Also, we aimed to only include clean and clean-
contaminated surgeries, whereas a considerable amount of patients in
the ROSSINI trial underwent contaminated and even dirty operations.
In these operations, it is easy to imagine that a contamination of
the abdominal wall might occur during the initial laparotomy and
before the protector is put in place. Furthermore, our trial had a
stricter follow-up schedule and used external monitoring. In addition,
I believe slightly different endpoints were used in both trials. In their
protocol, which the ROSSINI authors published independently of the
trial, they state, that the primary endpoint of their trial will be SSI
according to the CDC definition (i.e. the same endpoint we used in
our BaFO trial). Yet, in their final analysis, only superficial SSIs were
apparently included in the analysis. If this is true, then the reported
SSI rates in ROSSINI are remarkably high and beyond what has
been previously published. As I have mentioned earlier, our SSI rates
are more in line with previous randomized controlled data. Finally,
I believe that the major difference between our trial and ROSSINI
was the country of origin, that is, Germany and the UK. This leads
to a whole number of unaccounted differences in handling, patient
care, surgical technique, etc, which might explain the differences
observed. For example, in their publication, the ROSSINI authors
pointed out that after the removal of the wound protector and before
closing the fascia and skin, the gloves and instruments were frequently
unchanged. This, contrarily, is standard practice in Germany. One
could argue that even if the intervention protected wound edges from
bacterial contamination during the operation, bacteria could easily
have been reintroduced at the end of the surgery through contaminated
gloves and instruments. This is mere speculation, however, but might
be worth investigating.


We have not performed a cost analysis in our trial; therefore,
I cannot comment on the cost-effectiveness of the intervention. But,
given the published data on the cost of a single SSI, the current costs
of wound protectors and the numbers needed to treat an SSI based on
our data, I strongly believe that they are cost-effective. The negative
cost analysis of the ROSSINI authors is explained by the fact that
they were unable to see any reduction in SSI with the intervention.
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The ACS NSQIP Best Practices 


Guidelines were designed to serve 


as complete yet concise resources 


for health care providers and 


quality improvement professionals. 


They create a framework that can 


be used to prioritize and direct 


efforts to address postsurgical 


complications. 


The Best Practices Guidelines 


contain information that is 


evidence based and has been 


assembled through reviews of the 


current literature and consultation 


with expert panels. 


For more information and to  


learn how to access all of the  


Best Practices Guidelines, visit  


www.acsnsqip.org.
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ACS NSQIP 


BeSt PrACtICeS 


guIdelINeS


acs nsQiP  
Best Practices guidelines 
have been developed for:


Prevention of Catheter-Associated 
urinary tract Infections 


Prevention and treatment of 
Venous thromboembolism


Prevention of Catheter-related 
Bloodstream Infections


Prevention of Surgical 
Site Infections
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PreVeNtIoN of SurgICAl 
SIte INfeCtIoNS


Angela M. Ingraham, MD; Mira Shiloach, MSc;  
E. Patchen Dellinger, MD, FACS;  


Nestor F. Esnaola, MD, MPH, MBA, FACS


July 2009


Abstract


Surgical site infections (SSIs) are a major cause of 
postoperative morbidity. Risk assessment, adherence to key 
preventative strategies, and active surveillance can reduce 
SSI rates. The purpose of this document is to review the 
current literature, consolidate recommendations from 
existing guidelines, and provide a concise, evidence-
based, expert panel-rated list of interventions to help 
reduce SSIs among patients at your institution.1,2


Background


SSIs are the second leading cause of nosocomial 
infections. Approximately 290,000 SSIs were diagnosed 
in the United States in 2002, resulting in 8,207 
associated deaths.3 The mortality rate of patients with 
SSIs is approximately two to 12 times that of patients 
who do not have a SSI.4,5 Furthermore, SSIs represent a 
significant financial burden to the health care system. 
The direct costs attributable to a SSI is approximately 
$6,000.5,6 It is estimated that SSIs accounted for 
$3.45 to $10.07 billion in direct costs in 2007.7 







a c s  n s Q i P  B e s t  P r a c t i c e s  g u i d e l i n e s6


risk factors


Certain patient- and surgery-related factors have been 
associated with an increased risk of SSIs (Table 1). 


taBle 1:  r is K factors for s s i s


Patient-related factors surgery-related factors


•	 Advanced age1,8


•	 obesity1,2,8,9


•	 Hyperglycemia/
diabetes1,2,8,10


•	 dyspnea8


•	 Hypoxia10


•	 ASA class >28,11


•	 Smoking1,2,8,12


•	 Alcoholism8


•	 Steroid use1,2,8


•	 recent radiotherapy8


•	 Preoperative albumin 
≤3.5mg/dL8


•	 Total	bilirubin	>1.0	mg/dL8


•	 trauma/shock10


•	 transfusion10


•	 Hypothermia10


•	 Inadequate surgical scrub 
or skin preparation10


•	 Abdominal surgery8,10


•	 Surgery requiring a bowel 
anastomosis13


•	 Contaminated or dirty/
infected procedures8,10,11


•	 Surgery for cancer13


•	 emergency surgery8


•	 Complex surgery (work 
relative	value	unit	≥10)8


•	 Prolonged procedure10,11


•	 More than three 
diagnoses at time of 
discharge10
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Basic Strategies to Prevent SSIs


Certain measures can help prevent the 
development of SSIs (Table 2).


taBle 2 :  recoMMe ndation s 
for Pre ve ntion of s s i s


PreoPerative


PAtIeNt-relAted


encourage patients to discontinue all forms of tobacco use 
for	at	least	30	days	preoperatively.1,2,12 


Identify and treat all nonsurgical site infections prior to 
surgery.	Postpone	elective	operations	if	necessary.1,2


Administer prophylactic antibiotics within one hour prior 
to	surgery	(vancomycin	and	fluoroquinolones	should	be	
administered	two	hours	prior	to	surgery).	Select	the	
appropriate antimicrobial prophylaxis based on evidence-
based	guidelines	(Appendix	A).1,2,14-19 


Adjust the dose of prophylactic antibiotics for morbid 
obesity.2,9,20 
ProVIder-relAted


Keep	nails	short.	Do	not	wear	artificial	nails	or	hand	or	
arm	jewelry.1


Clean	underneath	fingernails	prior	to	first	daily	surgical	
scrub.	Complete	a	two-	to	five-minute	preoperative	scrub	
using appropriate antiseptic, or use alcohol-based surgical 
antiseptic.1,2


intraoPerative


PAtIeNt-relAted


use aseptic technique when placing intravascular devices 
or spinal/epidural catheters, or when administering 
intravenous	medications.1


Remove	hair	only	if	it	interferes	with	the	operation.	Use	
clippers,	not	razors,	for	hair	removal.1,2,21,22 


Prepare	the	initial	and	any	anticipated	surgical	fields	with	
appropriate	antiseptic.	Begin	at	the	incision	site	and	move	
outward	toward	the	periphery.1,2,23,24 


redose prophylactic antibiotics, if indicated, so that 
bactericidal concentration is maintained throughout the 
operation.1,2 


Minimize tissue damage, ensure hemostasis, remove 
devitalized tissues/foreign bodies, and eliminate dead 
space.1,2 
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If drainage is indicated, use a closed suction drain placed 
through	a	separate	incision.	Remove	drain	as	soon	as	
possible.1


Perform delayed primary skin closure or allow incision 
to heal by secondary intention if a surgical site is heavily 
contaminated	(for	example,	Class	III-IV).1,25-28 *
ProVIder-relAted 


Wear a cap or hood to fully cover head/facial hair and 
a surgical mask to cover nose/mouth when entering 
the operating room (if operation is about to begin, is 
underway,	or	surgical	instruments	are	exposed)	and	until	
the	conclusion	of	the	operation.1 †


Use	surgical	gown	and	drapes	that	are	liquid	resistant.1


Wear	sterile	gloves	if	a	scrubbed	surgical	team	member.1 †


Change	surgical	scrubs	if	grossly	soiled	or	contaminated.1 †


SYSteMS-relAted


Comply	with	standards	regarding	operating	room	asepsis.2


When visible contamination of surfaces/equipment with 
body	fluids	occurs,	use	an	Environmental	Protection	Agency-
approved cleaning solution to clean affected area before next 
operation.1,2 †


PostoPerative


PAtIeNt-relAted


Monitor	and	maintain	glucose	levels	(<200	mg/dL)	in	
cardiothoracic surgery patients, including non-diabetic 
patients.2,17,29-31


discontinue prophylactic antibiotics within 24 hours after 
noncardiac	surgery	and	48	hours	after	cardiac	surgery.2


Cover primarily closed incisions with a sterile dressing for 
24	to	48	hours	postoperatively.	Wash	hands	before	and	
after	any	contact	with	the	surgical	site.1


* Although long considered surgical standard-of-care, 
recent studies suggest that routine application of this practice 
may result in inferior clinical outcomes (for example, 
more patients discharged home with open wounds).25-28


† Federal regulation: OSHA
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Special Approaches to Prevent SSIs


Additional, special strategies may be needed for 
use in locations or populations with unacceptably 
high rates of SSIs despite implementation of the 
basic strategies outlined above (Table 3). 


taBle 3 :  sPecial con s ide r ation s 
for Pre ve ntion of s s i s


PerioPerative


PAtIeNt-relAted 


Maintain	normothermia	(temperature	>36.0° C).2,29,32-34 


Control	serum	blood	glucose	levels	in	diabetics.1,2,35


Provide supplemental oxygen (80% fraction of inspired 
oxygen)	in	patients	undergoing	colorectal	surgery.2,29,36-40 


PostoPerative


ProVIder-relAted 


educate patients and caretakers regarding care of 
the incision as well as signs/symptoms of SSI and the 
importance of informing health care providers if these 
signs/symptoms	develop	(Appendix	B).1,2 
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Approaches that Should 
Not Be Considered for 
the Prevention of SSIs


taBle 4 :  aPProacHes not recoMMe nde d 
for Pre ve ntion of s s i s


PreoPerative


PAtIeNt-relAted


do not routinely delay surgery to provide parenteral 
nutrition	as	a	means	to	prevent	SSI.1,2 


do not avoid transfusion of medically necessary blood 
products	to	prevent	SSIs.1,41-45


PostoPerative


PAtIeNt-relAted


do not continue prophylactic antibiotics because drains 
are	in	place.46,47


Surveillance 


Standardized criteria should be used to identify 
SSIs (Appendix C). Use of uniform definitions 
by providers, infection control personnel, and 
data abstractors will ensure that the numerators 
used are reliable when discussing SSI rates.


Patients at high risk for developing SSIs should be 
identified preoperatively and followed closely. Adherence 
to the basic prevention guidelines cited above should be 
tracked, and SSI rates should be closely monitored using 
a program such as the American College of Surgeons 
National Surgical Quality Improvement Program (ACS 
NSQIP) or other hospital-based, internal data collection 
program. Documentation in cases where basic prevention 
recommendations were not used is encouraged to guide 
and focus ongoing quality improvement efforts.
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Services/units/facilities may find it helpful to develop 
a definition for “potentially preventable surgical site 
infections.” A potentially preventable SSI is one that 
occurred when one (or several) of the process measures 
known to reduce SSIs was omitted in the care of a patient. 
A SSI that occurs despite the proper delivery of all known 
preventative measures is an “apparently unpreventable 
SSI.” The goal should be to have zero potentially 
preventable SSIs. It may be useful to start with a simple 
definition focusing on one or two process measures that 
the service/unit/facility wants to improve. As performance 
on these measures improves and the potentially 
preventable SSI rate falls close to zero, the definition 
can be expanded. For example, a service/unit/facility 
could begin by focusing on timely delivery of prophylactic 
antibiotics, expand to redosing during long cases, expand 
to optimizing perioperative normothermia, and finally 
expand to preventing perioperative hyperglycemia. 


Summary


Surgical site infections are a leading source of 
morbidity, mortality, and increased costs. Prevention 
of SSIs necessitates risk assessment and compliance 
with evidence-based, clinically validated guidelines. 
Adherence to generally accepted infection control 
principles, application of the basic and special 
recommendations contained in this document, and 
active surveillance can help guide quality improvement 
efforts and reduce SSI rates at your institution. 
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APPeNdICeS


Appendix A:  
guidelines for Appropriate 
Selection of Prophylactic 
Antibiotics48 


tYPe of surgerY
recoMMended 
ProPHYlaXis


CArdIoVASCulAr SurgerY


•	Cardiac surgery
•	Permanent pacemakers 
•	Abdominal aortic 
reconstruction
•	lower extremity procedures 
requiring a groin incision
•	Vascular procedures involving 
prostheses/foreign bodies
•	lower extremity amputation


•	Cefazolin 1–2 g IV x 1  
(or	q8h	x	24–48	hours)	or 
•	Cefuroxime	1.5	g	IV	x	1	 
(or	q12h	for	24–48	hours)	or
•	Vancomycin 1 g IV x 1 (q12h 
for	24–48	hours)


gastroduodenal/
BiliarY/colorectal


•	gastroduodenal •	Cefazolin or cefoxitin or 
cefotetan or ceftizoxime or 
cefuroxime	1.5	g	IV	x	1


•	Biliary •	Cefazolin 1g IV x 1 or 
•	Ceftizoxime 1g IV x 1


colorectal Parenteral regiMens
•	Cefazolin 1–2 g IV x 1 and 
metronidazole	0.5	g	IV	x	1	or
•	Cefoxitin 1–2 g IV x 1 or
•	Cefotetan 1–2 g IV x 1 or 
•	Ampicillin-sulbactam 3 g IV 
x 1 or
•	ertapenem 1 g IV x 1


oral regiMens †


on the preoperative day:


•	Clear liquid diet only 
•	4l polyethylene glycol 
electrolyte solution Po x 1
•	Neomycin 1 g Po and 
erythromycin base 1 g Po 
(each	x3)
•	NPo after midnight
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Head and necK surgerY •	Cefazolin 2 g IV x 1 or
•	Clindamycin 600–900 mg IV 
x 1 and	gentamicin	1.5	mg/
kg IV x 1


neurosurgerY


•	Clean, with no implant •	Cefazolin 1–2 g IV x 1


•	Clean/contaminated •	Clindamycin 900 mg IV x 1


•	CSf shunt surgery •	Cefazolin 1–2 g IV x 1


oBstetric/
gYnecologic surgerY


•	Abdominal or vaginal 
hysterectomy


•	Cefazolin 1–2 g x 1 or
•	Cefoxitin 1–2 g x 1 or 
•	Cefotetan 1–2 g x 1 or 
•	Cefuroxime	1.5	g	IV	x	1	30	
minutes before surgery


ortHoPedic surgerY


•	Hip arthroplasty, spinal fusion •	Same as cardiovascular 
surgery, above


•	Non-hip total joint 
replacement


•	Cefazolin 1–2 g IV x 1 or
•	Vancomycin 1 g IV x 1


•	open reduction of closed 
fracture	with	internal	fixation


•	Ceftriaxone 2 g IV/IM x 1


urologic surgerY


•	transrectal prostate biopsy •	Ciprofloxacin	500	mg	PO	x	1	 
(12 hours prior to biopsy, 
repeated	12	hours	after	first	
dose)


otHer general surgerY


•	Breast surgery, herniorrhaphy •	Cefazolin 1–2 g x 1 or
•	Cefoxitin 1–2 g x 1 or 
•	Cefotetan 1–2 g x 1 or 
•	Cefuroxime	1.5	g	IV	x	1	30	
minutes before surgery


* Institutions may wish to monitor their own culture 
and sensitivity trends to direct and modify their 
prophylactic antimicrobial practices, as needed. 


† Although parenteral prophylaxis is always recommended, the 
additional benefit of oral bowel regimens is controversial.49-52 
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Appendix B:  
Surgical Site Infection Patient 
education Sheet53
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Appendix C:  
Centers for disease Control and 
Prevention	(CDC)	Definitions	
of Superficial, deep, and organ/
Space Surgical Site Infection54


Superficial Incisional SSI: An infection that 
occurs within 30 days after the operation and the 
infection involves only skin or subcutaneous tissue 
of the incision and at least one of the following:


•	 Purulent drainage, with or without laboratory 
confirmation, from the superficial incision


•	 Organisms isolated from an aseptically obtained culture 
of fluid or tissue from the superficial incision


•	 At least one of the following signs or symptoms of 
infection: pain or tenderness, localized swelling, 
redness, or heat, AND the superficial incision is 
deliberately opened by the surgeon, unless incision is 
culture-negative


•	 Diagnosis of superficial incisional SSI by the surgeon or 
attending physician


Do not report the following conditions as SSI:


•	 Stitch abscess (minimal inflammation and discharge 
confined to the points of suture penetration)


•	 Infected burn wound


•	 Incisional SSI that extends into the fascial and muscle 
layers (see Deep Incisional SSI)
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Appendix	C	(cont’d)


Deep Incisional SSI: An infection that occurs within 30 
days after the operation if no implant is left in place or 
within one year if implant is in place and the infection 
appears to be related to the operation and the infection 
involved deep soft tissues (for example, fascial and muscle 
layers) of the incision and at least one of the following: 


•	 Purulent drainage from the deep incision but not from 
the organ/space component of the surgical site


•	 A deep incision spontaneously dehisces or is 
deliberately opened by a surgeon when the patient has 
at least one of the following signs or symptoms: fever 
(>38 C), localized pain, or tenderness, unless site is 
culture-negative


•	 An abscess or other evidence of infection involving 
the deep incision is found on direct examination, 
during reoperation, or by histopathologic or radiologic 
examination


•	 Diagnosis of a deep incision SSI by a surgeon or 
attending physician


Note:


•	 Report infection that involves both superficial and deep 
incision sites as deep incisional SSI


•	 Report an organ/space SSI that drains through the 
incision as a deep incisional SSI
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Organ/Space SSI: An infection that occurs within 30 days 
after the operation if no implant is left in place or within 
one year if implant is in place and the infection appears 
to be related to the operation and the infection involves 
any part of the anatomy (for example, organs or spaces) 
other than the incision, which was opened or manipulated 
during an operation and at least one of the following:


•	 Purulent drainage from a drain that is placed through a 
stab wound into the organ/space.


•	 Organisms isolated from an aseptically obtained culture 
of fluid or tissue in the organ/space.


•	 An abscess or other evidence of infection involving 
the organ/space that is found on direct examination, 
during reoperation, or by histopathologic or radiologic 
examination.


•	 Diagnosis of an organ/space SSI by a surgeon or 
attending physician.


Figure. Cross-section of abdominal wall 
depicting CDC classifications of SSI. 


Appendix	C	(cont’d)
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For more information  


and to learn how to access all 


of the Best Practice Guidelines, 


visit www.acsnsqip.org.


the American College of Surgeons National Surgical Quality Improvement 
Program	(ACS	NSQIP)	Best	Practices	Guidelines	have	been	developed	
for	quality	improvement	purposes.	The	documents	may	be	downloaded	
and printed for personal use by health care professionals at participating 
hospitals.	The	documents	may	also	be	used	in	conjunction	with	ACS	
NSQIP-related	initiatives	or	programs.	The	documents	may	not	be	
distributed	for	non-ACS	NSQIP	related	activities	or	for	profit	without	the	
written	consent	of	the	American	College	of	Surgeons.


the intent of the ACS NSQIP Best Practice guidelines is to provide health 
care professionals with evidence-based recommendations regarding the 
prevention,	diagnosis,	or	treatment	of	common	postsurgical	complications.	
the Best Practice guidelines do not include all potential options for 
prevention,	diagnosis,	and	treatment.	The	final	decisions	regarding	patient	
care must be made by the responsible physician or health care provider 
and	take	into	account	the	patient’s	individual	clinical	presentation.	The	
ACS	NSQIP	Best	Practice	Guidelines	may	be	modified	without	notice.
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ACS NSQIP PROGRAM OVERVIEW


The American College of Surgeons National 
Surgical Quality Improvement Program 
(ACS NSQIP) is the first nationally validated, 
risk-adjusted, outcomes-based program 
to measure and improve the quality of 
surgical care. The program prospectively 
collects clinical data to quantify 30-day, 
risk-adjusted surgical outcomes and allows 
for external benchmarking of outcomes 
among participating hospitals. Hospital 
administrators, quality improvement 
officials, and their clinical staff are provided 
with the tools, reports, analyses, and support 
necessary to make informed decisions about 
improving the quality of care. 


The ACS NSQIP collects data on variables, 
including preoperative risk factors, 
intraoperative variables, and 30-day 
postoperative mortality and morbidity 
outcomes for patients undergoing major 
surgical procedures in both inpatient and 
outpatient settings. The data are collected, 
validated, and submitted by a trained 
surgical clinical reviewer (SCR) at each site.
Once trained, the SCR submits data to the 
ACS NSQIP through a secure Web-based 


system with built-in software checks and 
prompts to ensure completeness, uniformity, 
and validity of the data. Data automation 
tools are also available to lower the data 
entry burden on the SCRs and to improve the 
quality of data being captured. In addition, 
inter-rater reliability (IRR) audits are 
conducted to ensure the data quality on a 
routine basis.


Using stepwise logistic regression and 
hierarchical modeling, 30-day, risk-adjusted 
morbidity and mortality outcomes are 
computed for each participating hospital. 
Outcomes are reported as observed versus 
expected (O/E) ratios and odds ratios (OR). 
An O/E ratio or OR less than one indicates 
the hospital is performing better than 
expected given the complexity of its patient 
population and surgical cases. An O/E ratio 
or OR greater than one indicates the hospital 
is not performing as well as would have been 
expected. 
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ACS NSQIP hospitals obtain feedback 
on their performance via two avenues: a 
comprehensive semiannual report and 
real-time, continuously updated, online 
benchmarking reports. Through the ACS 
NSQIP website, participants can view 
their non-risk-adjusted data and produce 
reports by surgical subspecialty and specific 
procedures. Thus, participants can continually 
monitor their quality improvement efforts and 
compare, on a blinded basis, their surgical 
outcomes with those of peer hospitals and 
with national averages. 


The ACS NSQIP provides feedback and 
information to participants through IRR 
audits, support services, online training, 
and testing. Beyond the technical and data 
collection elements of the program, the ACS 
NSQIP supports participants in achieving 
their quality improvement goals. SCR 
and surgeon champion conference calls, 
local and regional collaboratives, and the 
annual ACS NSQIP National Conference 
serve as forums for participants to share 
their impediments to and triumphs in 
achieving quality surgical care. Through the 
ACS NSQIP Best Practices Case Studies 


and Guidelines, the ACS NSQIP presents 
participants with tools for implementing 
initiatives in quality improvement. Finally, 
the ACS NSQIP encourages participants, 
surgical specialty groups, and other quality 
improvement organizations to share their 
experience and expertise so as to advance 
the quality of surgical care.


For more information regarding the 
application process, requirements,  
or benefits of ACS NSQIP, or to  
apply online, visit our website at  
www.acsnsqip.org or e-mail  
acsnsqip@facs.org. 
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THE GOAL OF THE ACS NSQIP BEST PRACTICES CASE STUDY


The goal of the ACS NSQIP Best Practices Case Studies is to showcase how participating 
hospitals have used ACS NSQIP data to improve their performance and outcomes. It is hoped 
that this fourth volume in a series of ACS NSQIP Best Practices Case Studies publications 
will allow ACS NSQIP participants to learn from the experience of other hospitals and develop 
similar quality improvement initiatives within their own facilities. 


The idea for this guide was conceived after feedback from ACS NSQIP sites via the annual 
conference. Additional feedback indicated that some hospitals were looking for information on 
how to more specifically use ACS NSQIP in their efforts to improve surgical care and outcomes. 
The ACS NSQIP Case Studies were designed to be one of several initiatives intended to aid 
hospitals in getting started with local quality improvement efforts. To this end, the Case Studies 
outline not only the objectives and end results of the improvement effort, but also the planning, 
development, and troubleshooting process. 


Each case study was developed as a collaborative effort between the ACS and the participating 
hospital’s SCR and/or surgeon champion, as well as other surgical and quality improvement 
professionals. The Case Studies follow a structured outline, including sections on the 
description of the problem addressed, the context of the quality improvement process, the 
planning and development process, a description of the activity, the resources needed, the 
results, and tips for others. ACS staff held an interview with each hospital, loosely following the 
case study outline. The documents were written by ACS NSQIP hospital staff in conjunction with 
the ACS staff. 
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As previously mentioned, the Case Studies are meant to provide easily accessible information 
to hospitals starting their own quality improvement efforts using ACS NSQIP data. While quality 
improvement is not an exact science, these examples may provide a starting point to assess 
what kind of activities could be applied locally. Many times, a successful quality improvement 
activity can begin by talking to the right people and getting their buy-in and assistance. Each 
case study provides information on the details of the quality improvement effort that the reader 
can envision using at his or her own hospital. If necessary, more information can be obtained by 
contacting the SCR at the hospital where the case study has taken place. 


The ACS NSQIP is continually looking for participant feedback on making the program more 
conducive to the participating hospital’s surgical care goals. Please contact us if you have 
comments or questions regarding the Case Studies, or if you would like information on how to 
submit your own Best Practices Case Study for publication in a future volume.
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A. GENERAL INFORMATION 
 1. INSTITUTION NAME:  
  Cleveland Clinic, Cleveland, OH


 2. NAME OF THE CASE STUDY:  
  Back to Basics: Reducing Surgical Site Infection in the Open Abdominal Gynecology  
  Surgical Population


B. WHAT WAS DONE? 
 1. GLOBAL PROBLEM ADDRESSED
  Surgical site infections (SSIs), the second most common hospital-acquired infection, cost  
  an estimated $3.4 billion to $10 billion dollars annually (Scott, 2009). These infections  
  are associated with a high morbidity and mortality and place a large burden upon the  
  inpatient health care budget. Under the Affordable Care Act and the Value Based 
  Purchasing model, hospitals are increasingly driven to lower health care costs and 
  increase the quality of patient care by reducing the incidence of hospital-acquired 
  conditions.


  2. IDENTIFICATION OF LOCAL PROBLEM 
  Review of the ACS NSQIP Semiannual Report from July 1, 2010, through June 30, 2011,  
  demonstrated the gynecology (GYN) surgical subspecialty to be a high outlier for morbidity  
  (10.60 percent observed/6.57 percent expected). Surgical site infections (SSIs) were 
  identified as the main driver of this metric (4.61 percent observed/2.34 percent expected). 
  This corresponded to the tenth decile as well as high outlier status. After reviewing these 
  results with key stakeholders of the Obstetrics and Gynecology/Women’s Health Institute, a 
  decision was made to form a multidisciplinary quality improvement team to address 
  this issue.  
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  The improvement team analyzed 617 surgical cases from July 2008 through March 2011  
  using ACS NSQIP data. There were 26 superficial SSIs (4.2 percent), three deep SSIs  
  (0.5 percent), and nine organ/space SSIs (1.5 percent). Abdominal cases were found to  
  have a higher incidence of SSI when compared with laparoscopic and vaginal surgical  
  approaches.  


C. HOW WAS THE QUALITY IMPROVEMENT (QI) ACTIVITY PUT IN PLACE? 
 1. CONTEXT OF THE QI ACTIVITY
  Cleveland Clinic is a 1,450-bed facility located in northeast Ohio. The Clinic is organized  
  into patient-centered institutes that combine the medical, surgical, and support functions  
  for specific body systems or disorders. The Cleveland Clinic Health System is comprised  
  of the main campus, eight community hospitals, and 18 family health centers as well as  
  facilities in Florida, Nevada, Toronto, and Abu Dhabi. The scope of this initiative was  
  gynecologic surgical cases on the main campus only.


  In 2011, Cleveland Clinic participated in a multi-institutional collaboration in conjunction  
  with The Joint Commission for Transforming Healthcare and the American College of  
  Surgeons (ACS) to reduce the incidence of SSI in the colorectal surgery population. This  
  allowed for sharing of best practices among participants as well as the implementation of  
  new processes. At Cleveland Clinic, a multifactorial approach was utilized to lower the  
  wound infection rate. NSQIP data was used throughout the project to establish the impact  
  of these processes on surgical outcomes.


  The Obstetrics and Gynecology/Women’s Health Institute employed the “lessons learned”  
  from this initiative and applied similar improvement processes to its own practice.
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 2. PLANNING AND DEVELOPMENT PROCESS 
  Based on regular review of ACS NSQIP data and the aforementioned analysis, abdominal  
  cases were focused on exclusively. A total of 213 cases from July 2008 through March  
  2011 were reviewed and revealed an 8.5 percent rate of superficial SSI (18 cases) and a  
  4.2 percent rate of deep or organ/space SSIs (nine cases). The analysis demonstrated  
  limited significant differences when comparing patient populations and clinical variables.  
  Body mass index (BMI) was the only variable of statistical significance.


  Upon completion of data analysis, the quality improvement officer (QIO) within the Institute  
  reviewed the information and assembled a team directly involved with GYN surgery. This  
  included a multidisciplinary team of care providers across the full care continuum.  
  The scope of the project would be from the time a patient was scheduled for surgery to 
  30 days postdischarge, which was defined as a surgical episode. The chair of the Women’s 
  Health Institute was involved at the outset, and his sponsorship provided appropriate 
  leadership to prioritize the effort and eliminate obstacles for the team. 


  During the planning phase, three distinct areas in the surgical episode emerged as  
  opportunities for improvement: preoperative, intraoperative, and postoperative. Parallel  
  teams were created and each team was tasked with its own process scope. 
  The preoperative team focused on the period of time between a patient being scheduled 
  for surgery and his or her arrival on the day of surgery. The intraoperative team 
  concentrated on the time from when the patient was brought back to the preoperative  
  area to the patient’s discharge from PACU. The postoperative team was charged with 
  patient admission to the in-patient surgical unit to 30 days postdischarge.
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  Once improvement opportunities were identified by each sub-team, the entire group 
  reconvened in an effort to prioritize ideas based on clinical evidence and overall effort  
  (cost, time, resources, and so on). A set of attainable and agreed-upon recommendations  
  were then assembled to form the SSI Improvement Bundle for GYN surgery. Many of the  
  pre-, intra-, and postoperative team members remained involved with the project to lead  
  the planning and implementation of these ideas. They were engaged in the process be  
  cause of their involvement during the planning phase and possessed the necessary 
  expertise and skills to support the identified improvements.


SSI IMPROVEMENT 
PROJECT


KICKOFF!
(10/12/11)


PERI-OP TEAMS & 
METRICS DEFINED


PERI-OP TEAM MEETINGS 
#1: DETAILED PROCESS 


MAP, RISK POINTS 
IDENTIFIED


(10/31–11/18)


SUMMARIZE TOP  
PERI-OP RISK POINTS


PRE INTRA POST


IMPROVEMENT TEAMS 
ASSIGNED


TOP IMPROVEMENT 
INITIATIVES IDENTIFIED 


(SCOPE)


PERI-OP TEAM  
MEETINGS #2: RISK 
POINTS ANALYZED & 


PRIORITIZED BY TEAM
(11/21–1/6)


PRE INTRA POST


DEFINE & PLAN
IMPROVEMENT


IMPLEMENT
COLLECT DATA/


MEASURE 
IMPROVEMENT


IMPROVEMENT 
ACHIEVED? SUSTAIN/


ADJUST


SUSTAIN
TRANSITION


ADJUST
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D. DESCRIPTION OF THE QUALITY IMPROVEMENT ACTIVITY 
 1. TEAM ASSEMBLED AND PROJECT IMPLEMENTED
  The large multidisciplinary team was assembled for a kickoff meeting on  
  October 21, 2011. Risk factors throughout each phase of the surgical episode were  
  identified and sub-teams were created to address these opportunities. Implementation of  
  the project began on March 1, 2012, with a goal to reduce the occurrence of SSI by  
  50 percent.


PREOP


INTRAOP


POSTOP


• Skin care education/directions


• Pre- and posteducation alignment          


• Glucose management • Skin care education/directions


• CHG® wipes in SDS          


• ID high-risk patients for intervention


• Abx. compliance and redosing


• Standard OR prep


• Reduce OR traffic


• Glove change at skin closure


• Sterile dressing application


• Thermal regulation


• Dressing removal


• Inpatient bathing          


• Discharge educator
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E. RESOURCES USED AND SKILLS NEEDED


  Three separate teams were involved in the GYN SSI Project, encompassing the predefined  
  phases of the surgical episode. Each team was comprised of eight to 11 members  
  and included representation from physicians (gynecologic surgeons and  
  anesthesiologists), residents, nurse practitioners, nurse managers, infection prevention,  
  a quality director, and a quality improvement project manager. The SCR provided data  
  support and guidance around variables/definitions associated with data collection. Lever 
  aging the strengths of the individual contributors allowed team members to focus on  
  what they do best, which ultimately sustained engagement in the project.


  Minimal costs were added through the improvement efforts. They included the  
  procurement and distribution of antibacterial soap for preoperative skin cleansing and  
  the use of Sage® CHG wipes.
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F. WHAT WERE THE RESULTS? 
 1. OVERALL RESULTS
  The ACS NSQIP 30-Day Postoperative Occurrence Summary data and the Case Detail  
  Report were reviewed on a quarterly basis and shared during staff and team  
  meetings. The Semiannual Report from January 1, 2011, through December 31, 2011,  
  continued to demonstrate high SSI rates (2.85 percent observed/2.09 percent expected).  
  Interventions were not yet implemented during this time period. The most recent  
  Semiannual Report from July 1, 2011, through June 30, 2012, showed significant  
  improvement in a short period of time (1.43 percent observed/2.02 percent expected).  
  These results corresponded to the second decile.


GYNECOLOGY SSI RISK-ADJUSTED DATA TRENDS OVER TIME
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 2. SETBACKS
  While there were challenges during the process, no prolonged setbacks were identified.  
  Initially there was a recurring issue with trainee compliance with standard postop orders.  
  By incorporating this information into standing trainee education and ongoing feedback  
  and reinforcement by GYN staff and inpatient nursing, this was successfully addressed.


  Surgical draping also provided another challenge. Adherence to the new method of  
  patient draping in the OR was initially problematic; however, this was resolved by  
  ensuring trainees were educated on the proper draping technique as well as by providing  
  consistent feedback. 
 
G. TIPS FOR OTHERS 
 1. GETTING STARTED
  Obtaining the support of key leadership is critical to the success of any endeavor and  
  cannot be overemphasized. Once this has been accomplished, using a multidisciplinary  
  approach to identify opportunities for improvement increases the success of any  
  initiative. Regular communication of challenges and accomplishments was vital in order  
  to maintain engagement.


 2. SUSTAINING THE ACTIVITY
  The division of work into three separate areas proved to be invaluable. A team lead was  
  assigned for each area, and the team members had the expertise and the ability to focus  
  on specific elements within their domain. This approach helped the overall project move  
  forward more quickly and developed better outcomes related to improvement  
  opportunities. During this time the QIO (project leader) provided regular updates to the  
  Women’s Health Institute chair and other key stakeholders, including medical and  
  nursing staff.  


  Cleveland Clinic strives to put patients first. Reducing SSI is an example of how this can  
  be achieved through communication, collaboration, and commitment.
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A. GENERAL INFORMATION 
 1. INSTITUTION NAME:  
  Mayo Clinic Rochester Methodist Hospital, Rochester, MN


 2. NAME OF THE CASE STUDY:  
  Colorectal Surgery SSI Reduction Initiative: Interventions across the Episode of Care


B. WHAT WAS DONE? 
 1. GLOBAL PROBLEM ADDRESSED
  According to the Institute for Healthcare Improvement (IHI), 2.6 percent of 30 million  
  operations per year are complicated by a surgical site infection (SSI).1 SSI is the second  
  most common health care-associated infection, accounting for 17 percent of all  
  hospital-acquired infections.2 In surgical patients, SSIs are the most common  
  health care-associated infection at 38 percent.3 


  Implications of having an SSI include the following:
   • Increased length of hospital stay (two to four days on average)
   • Increased costs
   • Increased readmission rates
   • Increased patient morbidity, pain, and discomfort
   • Risk to other patients


 2. IDENTIFICATION OF LOCAL PROBLEM
  At Rochester Methodist Hospital the colectomy SSI observed versus expected (O/E) ratios  
  had been “as expected” on the last four Semiannual Reports (SAR), but the average rate  
  increased from 7.05 percent on the January 2009 SAR to 10.1 percent on the  
  February 2010 SAR. 


  Although these rates were in line with other ACS NSQIP participating sites, the hospital  
  felt it could do better. The goal was to reduce colorectal surgical site infections by  
  50 percent and improve the current O/E ratio from decile 4 to decile 2 by December 2011. 
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BASELINE OVERALL SSIs
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C. HOW WAS THE QUALITY IMPROVEMENT (QI) ACTIVITY PUT IN PLACE?  
 1. CONTEXT OF THE QI ACTIVITY
  Mayo Clinic Rochester Methodist Hospital and Saint Marys Hospital together form an  
  integrated medical center dedicated to providing comprehensive diagnosis and treatment  
  in virtually every medical and surgical specialty. Combined, the hospitals have 1,951  
  licensed beds and are located in Rochester, MN.


  Mayo Clinic Rochester Methodist Hospital has a dedicated colorectal surgery (CRS)  
  specialty with eight board-certified colon and rectal surgeons and four colorectal surgery  
  fellows performing more than 2,300 colectomies a year. The hospital has dedicated CRS  
  operating rooms and allied health staff along with two dedicated CRS postoperative  
  nursing floors. 


 2. PLANNING AND DEVELOPMENT PROCESS
  To understand current practices in CRS, Robert Cima, MD, developed a surgeon survey  
  for the CRS division. Results showed variability among the surgeons and started a  
  conversation on best practices and opportunities to reduce unnecessary variation. There  
  was a consensus to move toward more standardization of the surveyed items.


  Data analysis identified the significant ACS NSQIP variables contributing to SSI   
  occurrences and helped to focus improvements.


NSQIP VARIABLE 
ANALYSIS


130+ NSQIP Variables


Key Factors (examples) 
Patient cleansing (Pre/Intra/Postop)
Add’l cleansing for pts BMI>30
Ensure complete intraop cleansing and 
coverage
Appropriate Abx re-dosing
Continued SCIP Elements
Fresh glove change
Closing tray
Dressing change @ 48h
Dismiss with Hibiclens®


40 NSQIP Variables 
Age
Gender
BMI
Wound Class
Diabetes
Transfusion
Various Labs
CPT 4 Codes
Disease


Significant Variables 
Age (p-.0002)
BMI (p-.0495)
Wound Care (p-.0004)
Diabetes (p-.045)
Laparoscopic (p-.0005)
Open (p-.0005)
Intraop Blood (p-.0024)
Duration (p-.0005)
Sepsis (p-.025)
Steroid use (p-.001)
CPT-4 code (p-.024)
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D.  DESCRIPTION OF THE QI ACTIVITY   


  Using the DMAIC (Define, Measure, Analyze, Improve, Control) Method to guide the quality  
  improvement process, the hospital began by defining the key principles of its  
  SSI reduction effort:


   • Interventions across the episode of care


   • Multidisciplinary


   • Engage staff, patient, and families


   • Standardize as many processes as possible


   • Ensure high compliance with elements


   • Build elements into the system


   • Frequent feedback and communication  


  The hospital’s multidisciplinary team met to review the existing literature on SSI  
  prevention as well as develop a detailed value stream map of the entire surgical episode.  
  The hospital optimized its processes to ensure that it had very high compliance with those  
  best practices strongly supported in the literature. Furthermore, other practices that may  
  have had less support in the literature but made sense from a workflow and/or economic  
  perspective where also incorporated into its bundle. The overall goal was to institute  
  process steps that would be performed at a very high level of compliance across the  
  continuum of care. The intervention bundle was rolled out in the practice on  
  January 1, 2011.
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MAYO CLINIC SSI REDUCTION BUNDLE ELEMENTS
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E. RESOURCES USED AND SKILLS NEEDED  
 1. STAFF: NUMBER AND TYPE OF STAFF INVOLVED IN THE PROGRAM


ROLE     DEPARTMENT


Surgeon, Project Leader   Surgery, Division of Colon and Rectal Surgery


Quality Advisor    Systems and Procedures


Infection Control Nurse   Nursing


Nurse Managers on CRS Patient Care Units Nursing


Clinical Administrator   Nursing


Clinical Nurse Specialist   Nursing


Wound, Ostomy, Continence Nurse  Nursing


Operating Room Nursing Managers   
    Supporting CRS   Nursing—Hospital Surgical Services


Quality Improvement Advisor  Nursing—Hospital Surgical Services


Data Abstraction and Analysis  Surgery Clinical Research Office—ACS NSQIP


Pharmacist    Pharmacy


Process Engineer    Systems and Procedures


Extended Nurse Practitioner  Colon and Rectal Surgery


Research Fellow    Surgery, Division of Colon and Rectal Surgery
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F. WHAT WERE THE RESULTS?   
 1. OVERALL RESULTS
  Since the January 2012 SAR, Mayo Clinic Rochester Methodist Hospital has been ranked  
  in decile 1 with low outlier and/or exemplary status for CRS SSI. The overall SSI rate  
  declined to 4.3 percent with a superficial SSI rate of 1.6 percent.4


OVERALL SSI RATES PRE- AND POSTINTERVENTION
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SUPERFICIAL SSI RATES PRE- AND POSTINTERVENTION
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 2. COST SAVINGS


PROJECTED COST SAVINGS AT A MACRO-LEVEL


TOTAL CASES
PERCENT SSI BY TYPE (FROM ACS NSQIP)


Overall Superficial Organ Space Deep


2010 190 10.00% 5.26% 4.74% 0.00%


2011–
June 2012


284 4.93% 1.76% 2.11% 1.06%


TOTAL CASES
< == PROJECTED SSIS == >


Total  Superficial Organ Space Deep


2010 (Baseline) 250 132 118 0


2012 124 44 53 (27)


126 88 65 (27)


 $2,000 $14,000 $12,000


 $176,000 910,000 ($324,000)


   $762,000 


Based upon internal Mayo charges for CRS patients identified in the Mayo ACS NSQIP data 
set of CRS with only an SSI compared with matched CRS patients with no identified  postop 
occurrences: (charge differential for event; 2008 unadjusted dollars) superficial SSI $2,000; 
organ space SSI $14,000; deep SSI $12,000.
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G.  TIPS FOR OTHERS   


  • Set a shared goal


  • Multidisciplinary approach is essential


  • Reliable, timely, and actionable data is needed


  • Not a one-size-fits-all process


  • Look at the entire episode of care and optimize each element


  • Understand the current practice


  • Introduce elements of change and audit compliance


  • Build improvements into the system to increase compliance


  • When no evidence for which of the element(s) makes a difference in the “bundle,”  
   the outcome is what matters
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A. GENERAL INFORMATION 
 1. INSTITUTION NAME:  
  Sheikh Khalifa Medical City (SKMC), Managed by Cleveland Clinic, Abu Dhabi,  
  United Arab Emirates


 2. NAME OF THE CASE STUDY:  
  Improvement in Catheter-Associated Urinary Tract Infection in the Surgical Wards:  
  Results of a Quality Improvement Project


B. WHAT WAS DONE? 
 1. GLOBAL PROBLEM ADDRESSED
  According to the Center of Disease Control and Prevention (CDC), urinary tract infections  
  (UTIs) are the most common type of health care-associated infection reported to the  
  National Healthcare Safety Network (NHSN). Among UTIs acquired in the hospital, 
  approximately 75 percent are associated with a urinary catheter. Between 15 percent and  
  25 percent of hospitalized patients receive urinary catheters during their hospital stay. The  
  most important risk factor for developing a catheter-associated UTI (CAUTI) is prolonged  
  use of the urinary catheter.1 


 2. IDENTIFICATION OF LOCAL PROBLEM
  The hospital was identified as a high outlier in UTI based on the ACS NSQIP Semi-Annual  
  Report (SAR) of January 2011. Upon further review it was determined that the rates of  
  catheter-associated UTI (CAUTI) per 1,000 Foley days were much higher in the surgical ward  
  compared with the intensive care unit (ICU).
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C. HOW WAS THE QUALITY IMPROVEMENT (QI) ACTIVITY PUT IN PLACE?  
 1. CONTEXT OF THE QI ACTIVITY  
  SKMC is a 693-bed tertiary referral hospital accredited by Joint Commission International  
  and is the only international Multispecialty ACS NSQIP hospital. ACS NSQIP at SKMC does  
  not include cardiac surgery or OBGYN, as they are separate from the department of  
  surgery. In the past, SKMC has had a successful QI project to improve rates of DVT/PE by  
  implementing a compulsory risk assessment tool and staff education. 


 2. PLANNING AND DEVELOPMENT PROCESS 
  In order to evaluate the results of implementation of a quality improvement project to  
  decrease the rate of CAUTI in the surgical wards and follow trends based on the ACS  
  NSQIP SARs, a multidisciplinary taskforce for improvement of CAUTI was established.  
  When the data were presented in surgical grand rounds, most surgeons did not believe  
  that the ICU would have lower CAUTI as compared with the surgical wards. The  
  explanation from the head of neurosurgery was that patients with a CAUTI in the surgical  
  ward represent overlap of CAUTIs from the ICU. However, staff quickly realized that the  
  ICU had a proactive strategy to manage CAUTIs that explained why they had lower rates 
  of CAUTI.


D. DESCRIPTION OF THE QI ACTIVITY   
 1. EDUCATION AND COMMUNICATION 
  The pilot project was started in the general surgery division then launched in the whole  
  department of surgery and finally the whole hospital. An order set on EMR was  
  established to help clinicians in checking off the signs of a UTI when a urine culture is  
  sent (fever, urgency, dysuria, and so on). All the nurses in the operating room were  
  educated, and the core competencies of placing catheters ware reevaluated (this was an  
  area that needed improvement). Nurses in the ward were educated on how to count Foley  
  days and on proper care for the Foley catheter. IT placed reminders that asked the nurses  
  to ask the clinicians to remove the catheter if it is not needed.
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  All patients with a catheter had a big “F” placed next to their names on the board and in  
  the room as a reminder that they had a catheter. Clinicians were educated on the  
  importance of early catheter removal. A UTI and CAUTI education day was done.


  We chose CAUTI per 1,000 Foley days as the metric to measure the rates of CAUTI.  
  The hospital urinary catheterization policy and competency were reviewed and updated.  
  Furthermore, an education program regarding prevention, an order for urine catheter  
  insertion/default removal, and management of CAUTI was established utilizing the  
  ACS NSQIP best practice guidelines. The results were evaluated in a prospective fashion.


E. RESOURCES USED AND SKILLS NEEDED   
 1. STAFF 
  The taskforce was chaired by a general surgeon, and it included the Surgical Clinical   
  Reviewer (SCR), infection control, microbiology, IT, surgery (general, orthopedics and  
  neurosurgery), nursing, and pharmacy.


  Funding sources, none.


F. WHAT WERE THE RESULTS?    
 1. OVERALL RESULTS 
  A chart review of all UTI cases noted that most of the hospital’s UTI cases are CAUTI. In  
  addition, the QI team found a high number of CAUTI cases in males and in the divisions of  
  urology, orthopaedic surgery, general, and neurosurgery. The QI team also noted that  
  there was poor documentation from physicians and nurses. The CAUTI per 1,000 Foley  
  days in February 2012 was 16.4 in the surgical wards and less than four per 1,000 Foley  
  days in the ICU. After implementation of the CAUTI taskforce recommendations, the  
  CAUTI per 1,000 Foley days in August 2012 was zero in the surgical wards. The surgical  
  ward CAUTI per 1,000 Foley days has remained at zero for three months and has  
  remained less than three per 1,000 since August 2012. The hospital has now expanded the  
  CAUTI to include the entire hospital beyond the surgical department.
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CAUTI PER 1,000 FOLEY DAYS


Surgical 
Wards ICU  


Surgical 
Wards Foley 


Days


Surgical  
Wards 
CAUTI


ICU Foley 
Days ICU CAUTI


February 16.39 1.39 244 4 720 1


March 8.33 2.84 240 2 705 2


April 8.44 1.41 237 2 711 1


May 3.00 0.00 333 1 683 0


June 4.46 1.51 224 1 664 1


July 5.29 0.00 189 1 658 0


August 0.00 0.00 205 0 654 0


September 0.00 4.57 251 0 657 3


October 0.00 0.00 331 0 720 0


November 1.99 3.16 502 1 633 2


December 4.08 1.47 245 1 681 1


January 0.00 0.00 271 0 697 0


February 3.91 0.00 256 1 679 0
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CAUTI PER 1,000 FOLEY DAYS


 2. CONCLUSION 
  Implementation of a multidisciplinary CAUTI prevention taskforce based on the ACS  
  NSQIP best practice guidelines permitted a dramatic and persistent decrease of this  
  complication.
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 3.  SETBACKS 
   • Once SKMC tried to expand the pilot project of the CAUTI taskforce from the surgical  
    department to the whole hospital, it faced many difficulties in communication between  
    surgeons, internists, and infection control nurses. A turf battle ensued. There was  
    disagreement in several areas, for example:


    Who owns the policy for CAUTI prevention and staff education?


    Disagreement on the policy for CAUTI definition and staff education


    Who will chair the taskforce committee, a surgeon or an internist?


   How will the data be collected for the rest of the hospital as compared with ACS   
   NSQIP for the surgery department?


    How to resolve the minor differences in definitions between CDC and ACS NSQIP?


 4. SOLUTIONS TO BARRIERS 
  • The policy was rewritten.


  • The committee will be co-chaired by an internist and a surgeon.


  • Microbiology will send all the positive cultures weekly to infection control and CAUTI will  
   be determined from that list.
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G. TIPS FOR OTHERS    
 1. GETTING STARTED 
  Pilot the QI project in one division (SKMC did this in general surgery), then choose a  
  champion in each division that has a high rate of the problem to be improved upon.  
  Examine all the cases in question, analyze the data, and determine conclusions.  
  Partner with quality improvement teams, infection control, and IT to create a  
  multidisciplinary team.


 2. HOW TO SUSTAIN THE ACTIVITY 
  Have regular taskforce meetings and e-mail all communications.  
  Utilize frequent audits and the SAR to guide progress and energize the team.
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A. GENERAL INFORMATION 
 1. INSTITUTION NAME:  
  University of South Florida; Tampa General Hospital; Henry Ford Hospital; Tampa, FL


 2. NAME OF THE CASE STUDY:  
  A Step-by-Step Process of Taking a Research Project from Conception to Publication


B. WHAT WAS DONE? 
 1. GLOBAL PROBLEM ADDRESSED
  The American College of Surgeons National Surgical Quality Improvement Program  
  (ACS NSQIP) maintains a Participant Use File (PUF) that has de-identified data that can be  
  accessed by hospital ACS NSQIP personnel for research purposes. Not all participants  
  may feel comfortable performing research with this dataset.     


 2. IDENTIFICATION OF LOCAL PROBLEM
  A clinical team from Henry Ford Hospital and Tampa General Hospital wished to use the  
  PUF dataset to perform research. Since the team was new to using the PUF dataset, they  
  learned how to use the data to perform research. This case study presents a step-by-step  
  process of taking one of the hospital’s research projects, “Clavien Class IV and V  
  Complications for Laparoscopic vs. Open Colectomy Using ACS NSQIP Data and  
  Risk Adjustment,” from conception to publication.


C. HOW WAS THE QUALITY IMPROVEMENT (QI) ACTIVITY PUT IN PLACE?  
 1. CONTEXT OF THE QI ACTIVITY
  Henry Ford Hospital and Tampa General Hospital are large (more than 900-bed) urban  
  teaching hospitals. Both facilities teach residents and medical students through  
  Wayne State University and the University of South Florida. Both facilities have active  
  research enterprises, and the use of the PUF file is just one of several  
  research endeavors. 
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 2. PLANNING AND DEVELOPMENT PROCESS
  In order to effectively use the ACS NSQIP PUF dataset for research, the first thing that  
  must be done is to have a research question. In the example used in this case study, the  
  question was, “Is there a lower rate of more severe complications in patients undergoing  
  laparoscopic compared with open colectomy?”


  Once the question is framed, the next step is to determine the data needed. In this case,  
  the team needed data from patients who underwent laparoscopic colectomy and open  
  colectomy as well as the type and severity of the complications suffered after the  
  operation. Since the hospitals were interested in only the most severe type of  
  complications, namely those that were life-threatening or resulted in death, the team  
  chose only those that meet the definition for Clavien Class IV (requiring care in an  
  intensive care unit) or V (death).  


  After determining the type of data needed for the research question, the team had to be  
  determined that the PUF dataset contained the data needed.


D. DESCRIPTION OF THE QI ACTIVITY   
 1. RESEARCH
  The team accessed the PUF data file for CPT codes for laparoscopic and open colectomy  
  (Table 1). Once the CPT codes were identified, the types of complications the hospital  
  wished to study needed to be identified. As the team wished to study only the most severe  
  complications, they limited the search to only Clavien Class IV and V complications  
  (Table 2).  From this, they then mapped the type of complications recorded in the PUF that  
  fit into class IV and V level of severity complications (Table 3)







A C S  N S Q I P  B E S T  P R A C T I C E S  C A S E  S T U D I E S


40


  At this point in the study, it is important to identify sources of bias. There are two types of  
  bias that can be identified in the PUF, which are patient-related bias and disease-related  
  bias (Table 4). These identifiable sources of bias are taken into account by the multivariate  
  statistical analysis used in this study.  However, just as important is the recognition of  
  sources of bias that cannot be identified in the PUF. These sources of bias include  
  patient-related, disease-related, and surgeon-related (Table 5).


  Once the team determined these parameters, the PUF dataset was accessed via the  
  ACS NSQIP website. The Data Use Agreement was signed and their requirements  
  followed. The years 2005–2008 were available at the time of this study. The data was  
  downloaded from the website in SPSS statistical software package. Data analysis was  
  done in SPSS. A data set was constructed combining the four years of data.


E. RESOURCES USED AND SKILLS NEEDED   
 1. STAFF
  Number and type of staff involved in the program:
 • Shawn Webb, MD—Colorectal Surgery Fellow


 • Ilan Rubinfeld, MD, MBA, FACS—Surgeon Champion, Co-Investigator


 • Vic Velanovich, MD, FACS—Staff Surgeon, Co-Investigator


 • M. Matilda Horst, MD, FACS—Staff Surgeon, Co-Investigator


 • Craig Reickert, MD, FACS—Staff Surgeon, Co-Investigator


 2. COSTS
  There were no costs other than salary support for the investigators as part of routine  
  duties for the Henry Ford Health System.
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F. WHAT WERE THE RESULTS?    
 1. OVERALL RESULTS
  a. The team found that the ACS NSQIP database for the years 2005–2008 contained a total  
   of 635,265 operations. Of these, 45,645 patients underwent some type of colectomy as  
   identified by the CPT codes used.  Of these, 12,455 were laparoscopic colectomy  
   operations, while 33,190 were open colectomy operations. Table 6 shows the basic  
   demographic data results. 
 
  b. Table 7 shows the unadjusted rates of Clavien Class IV and V complications. This shows  
   that patients undergoing open colectomies had about a four-time incidence of these  
   types of complications compared with patients undergoing laparoscopic colectomies.  
   Table 8 shows the odds ratios for each type of complication after risk adjusting for  
   patients undergoing open colectomy compared with laparoscopic colectomy. The risk of  
   each complication was higher in the open colectomy group.


  c. The paper writing and submission process was collaborative among the authors.  
   Dr. Shawn Webb, who was the colorectal surgery fellow, completed the first draft and  
   circulated it among the co-investigators. Revisions and queries were put forth by  
   co-authors. The study was submitted to the Society of American Endoscopic and  
   Gastrointestinal Surgeons and presented by Dr. Webb. There was a great deal of interest  
   by moderators and audience. The final draft was then submitted to Surgical Endoscopy.  
   The reviewers had relatively minor criticisms and revision requests, which were  
   addressed in the revision. The paper was accepted for publication and was in print in  
   early 2012.


 2. SETBACKS
  There were no real setbacks in this project. 
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G.  TIPS FOR OTHERS   


  • Have a good question or hypothesis


  • Make sure PUF data can provide the answer


  • Understand how to do the queries necessary to obtain the required data


  • Understand biases in the data


  • Use statistical methods to account for known biases


  • Understand limitation of PUF data


  • Choose the forum in which to present data wisely


  • Be prepared to answer lots of questions and criticisms


LAPAROSCOPIC COLECTOMY OPEN COLECTOMY


• 44204
• 44205
• 44206
• 44207
• 44208
• 44210
• 44211
• 44212
• 44213
• 44215
Need for conversion not recorded


• 44139
• 44140
• 44141
• 44143
• 44144
• 44145
• 44146
• 44147
• 44150
• 44151
• 44155


TABLE 1: COLECTOMY CPT CODES USED
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TABLE 2: CLAVIEN COMPLICATION CLASSIFICATION


Dindo D, Demartines N, Clavien P. Classification of surgical complications: A new proposal with evaluation 
in a cohort of 6,336 patients and results of a survey. Ann Surg. 2004;240(2):206.


TABLE 3: ACS NSQIP PUF COMPLICATIONS 
THAT WERE CONSIDERED CLAVIEN CLASS IV 
AND V COMPLICATIONS


• Septic shock
• Q-wave infarct
• Cardiac arrest
• Pulmonary embolism
• New need for dialysis
• Reintubation
• Prolonged ventilation
• Mortality
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PATIENT-RELATED DISEASE-RELATED


• ASA class
• Gender
• Preoperative functional status
• Preoperative albumin
• Inpatient status


• Emergency case
• Wound class


TABLE 4: SOURCES OF BIAS IDENTIFIED IN THE ACS NSQIP PUF


PATIENT-SPECIFIC DISEASE-SPECIFIC SURGEON-SPECIFIC


Cancer
  Obstruction
Diverticulitis
  Perforation
  Obstruction
Colonic hemorrhage
Diverticular disease
Angiodysplasia
Volvulus
Inflammatory bowel disease
Polyposis Syndromes


Degree of severity of  
co-morbid condition
  Heart failure
  COPD
  Renal insufficiency
  Cognitive dysfunction, and   
  so on


Trained to do lap colectomy?
Judgment as to best approach?


TABLE 5: SOURCES OF BIAS NOT ACCOUNTED FOR IN THE ACS NSQIP PUF
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LAPAROSCOPIC (N=12,455) OPEN (N=33,190)


Mean age 60.0 62.9


Mean length of stay 6.4 days 11.25 days


Mean OR time 175 minutes 160 minutes


Gender, male 48.4% 47.9%


ASA class (median with IQR) 2 (4) 3 (1)


Malignancy 34.6% 35.9%


TABLE 6: DEMOGRAPHIC DATA


LAPAROSCOPIC OPEN p VALUE


Q-wave infarct 0.2% 0.5% <0.001


Cardiac arrest 0.3% 1.2% <0.001


Pulmonary embolism 0.4% 1.0% <0.001


Re-intubation 1.4% 4.5% <0.001


Prolonged ventilation 1.6% 8.9% <0.001


Septic shock 1.5% 5.6% <0.001


Dialysis 0.3% 1.6% <0.001


Mortality 1.1% 5.8% <0.001


Any Clavien Class IV or V 3.6% 15.4% <0.001


TABLE 7: UNADJUSTED RATES OF CLAVIEN CLASS IV AND V COMPLICATIONS FOR OPEN AND 
LAPAROSCOPIC COLECTOMY
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Complication Odds Ratio (p<0.001)


Q-wave infarct 1.63


Cardiac arrest 2.21


Pulmonary embolism 1.87


Re-intubation 1.57


Prolonged ventilation 1.77


Septic shock 1.64


Dialysis 1.94


Mortality 1.54


Any Clavien IV or V 1.74


TABLE 8: RISK-ADJUSTED ODDS RATIOS OF THE RISK OF COMPLICATIONS OCCURRING IN 
OPEN COLECTOMY PATIENTS COMPARED WITH LAPAROSCOPIC COLECTOMY PATIENTS
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ISQIC


57 leading Illinois hospitals working together to 
improve quality and safety of surgical care for 
patients in Illinois 
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ISQIC Objective 


To obtain rapid, meaningful, and sustained 
improvement in surgical quality by facilitating 
engagement in mentored, targeted quality 
improvement/process improvement initiatives 
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ISQIC Overview


• Common data collection infrastructure: ACS NSQIP
– Data abstracted  ACS analyzes  Comparative 


performance reports
– Risk-adjusted 30-day postoperative outcomes


• Features of ISQIC
– Formal quality and process improvement curriculum
– Annual statewide and local quality improvement 


projects
– Illinois-specific reports with additional detail
– Pilot grants
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Our Hospital ISQIC Team


• Surgeon Champion: ________


• Surgical Clinical Reviewer:_________


• QI Designee: ____________
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Surgical Site Infection (SSI)


Health-care associated infections were the most common 
serious complication of hospital care in the United States


2 Million Infections 
Annually


20% (400,000)
SSI


A decade of evidence, design, and implementation: advancing patient safety. AHRQ website. 
http://www.ahrq.gov/professionals/quality-patient-safety/patient-safety-resources/resources/advancing-patient-
safety/index.html.  Published 2009. Accessed February 1, 2012
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Surgical Site Infection (SSI)


• 2nd most common nosocomial infection (UTI#1)
• Estimated $1 – 10 Billion in medical costs
• SSI attributed to 3% mortality rate
• 75% of SSI-associated deaths directly tied to SSI


Awad, S.S., "Adherence to surgical care improvement project measures and post-operative surgical site infections". Surgical 
Infection (Larchmt), 13(4): (2012): 234-7.
CDC, http://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf
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SSI Burden: A Single Institution


• Johns Hopkins, 4 sites, ~2000 inpatient beds
• 3 year audit
• Adult cardiac, colon, craniotomy, hip, knee, spine


Shepard, et al. Financial Impact of Surgical Site Infections on Hospitals, JAMA Surg 2013 148(10) 907-14.


No SSI SSI
n 22, 378 618
LOS 5.6 days 10.6 days
30d Re-Admit 8% 52%
Total charges (USD) $35,827 $58,882
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SSI Burden: A Single Institution


Shepard, et al. Financial Impact of Surgical Site Infections on Hospitals, JAMA Surg 2013 148(10) 907-14.


If:
Change in System Profit


Study Period 
(3.5 years) Per Year


SSI eliminated $2.3 M $0.7 M
SSI eliminated +
30d Re-Admit Not 
Reimbursed


$12 M $3.5 M
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The biggest offender….
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Inpatient Discharges and SSI Rates by Surgical Speciality


Discharges SSI Rate
de Lissovoy, et al. “Surgical site infection: Incidence and impact on hospital utilization and treatment costs”. Am J 
Infection Control 2009 37(5) 387-97. © 2016 ISQIC. Not for reuse or distribution without permission







Variation Across ISQIC
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Variation Across ISQIC


Improvement 
Needed


Best 
Performers
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Colorectal SSI Rate at our Hospital


Add ACS NSQIP SAR data on SSI here
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The Duke Experience


Keenan, Mantyh, et al. “The Preventive Surgical Site Infection Bundle in Colorectal Surgery”. JAMA Surg. 
2014;149(10):1045-1052. © 2016 ISQIC. Not for reuse or distribution without permission







The Duke Experience
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19.3


COSTS ($, THOUSANDS)


LOS (D)


POSOP SEPSIS (%)


DEEP SSI (%)


ORGAN SSI (%)


SUPERFICIAL SSI (%)


Pre-Bundle Post-Bundle*p≤0.05


Keenan, Mantyh, et al. “The Preventive Surgical Site Infection Bundle in Colorectal Surgery”. JAMA Surg. 
2014;149(10):1045-1052.
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Who:
All colectomy and proctectomy elective cases


When:
September 2016


Where:
Large ISQIC hospitals
(Available to all hospitals)


ISQIC SSI Reduction Bundle
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Next Steps 


• Conduct gap analysis to determine bundle 
components that are:
– Already in place institution-wide and documented 


appropriately 
– In place institution-wide but currently not 


documented
– Not performed institution-wide or not at all


• Analysis will inform quality improvement 
initiatives
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Safer Healthcare Now! Prevent Surgical Site Infections Getting Started Kit 


Safer Healthcare Now! 
We invite you to join Safer Healthcare Now! to help improve the safety of the Canadian 
healthcare system.  Safer Healthcare Now!  is the flagship program of the Canadian Patient 
Safety Institute and a national program supporting Canadian healthcare organizations to 
improve safety through the use of quality improvement methods and the integration of 
evidence in practice.   


To learn more about this intervention, to find out how to join Safer Healthcare Now!  and to 
gain access to additional resources, contacts, and tools, visit our website at 
www.saferhealthcarenow.ca  


This Getting Started Kit (GSK) has been written to help engage your interprofessional/ 
interdisciplinary teams in a dynamic approach for improving quality and safety while 
providing a basis for getting started. The Getting Started Kit represents the most current 
evidence, knowledge and practice, as of the date of publication and includes what has been 
learned since the first kits were released in 2005.  We remain open to working consultatively 
on updating the content, as more evidence emerges, as together we make healthcare safer 
in Canada. 


Note: 


The Getting Started Kits for all interventions are available in both French and English. 


This document is in the public domain and may be used and reprinted without permission 
provided appropriate reference is made to Safer Healthcare Now! 
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As of June 1, 2016, Safer Healthcare Now! is no longer collecting data and Patient Safety Metrics is no longer available. 
Our Central Measurement Team continues to offer expert measurement coaching and consultation.



http://www.saferhealthcarenow.ca/
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Executive Summary  
Surgical site infections (SSI) result from colonization with a bacterial load greater than the 
capability of the immune system to manage. SSI can significantly increase costs, morbidity 
and mortality among surgical patients.  


Canadian healthcare continues to struggle with surgical site infections. Despite advances in 
aseptic technique, antibiotic prophylaxis, and less invasive surgical techniques, healthcare 
associated infections (HAI) continue to complicate the recovery of many surgical patients.   


“The Getting Started Kit for the Prevention of Surgical Site Infection, 2014” represents the 
new and updated Safer Healthcare Now! recommendations for SSI prevention in healthcare. 
The recommendations contained in this Getting Started Kit are designed to assist healthcare 
facilities in prioritizing and implementing surgical site infection prevention efforts.  


These recommendations are primarily based on HAI prevention guidelines published by 
numerous health organizations, including the American Society of Health System Pharmacists 
(ASHP), Infectious Diseases Society of America (IDSA), Surgical Infection Society (SIS), 
European Centre for Disease Prevention and Control (ECDC), National Institute for Health and 
Care Excellence (NICE), Society for Healthcare Epidemiology of America (SHEA), Centers for 
Disease Control and Prevention (CDC), World Health Organization (WHO), Early Recovery 
After Surgery (ERAS) and relevant literature research. These recommendations also 
represent the consensus of the experts in Canada that structure the Canadian Patient Safety 
Institute SSI Faculty. This guideline describes SSI issues in all three stages of surgery: Pre-op, 
Intra-op and Post-op.  


Note: This guideline provides recommendations for conventional surgical procedures. 
They may not be effective in rare surgical conditions. Also, it does not provide any 
information for burn and transplant patients.  


Firstly, this kit provides updated information on four major prevention strategies to reduce 
surgical site infections in adults:   


Prophylactic Antimicrobial coverage 


a. Appropriate use of prophylactic antibiotics 
• Prophylactic antibiotic infusion to be started and completed within 60 minutes for 


most antibiotics, or within 120 minutes for vancomycin and fluoroquinolones prior to 
skin incision or application of tourniquet. 


• Prophylactic antibiotic administration should be started and completed within 60 
minutes prior to first incision for c–sections instead of after cord clamping. 
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• Antibiotics administered for cardiac, thoracic, orthopaedic and vascular patients 
should be discontinued within 24 hours of the end of surgery, whereas non-complex 
and uncomplicated surgeries require no further administration of antibiotics following 
surgery. 


• Antibiotic prophylaxis should only be repeated for surgeries lasting longer than two 
half-lives of the antibiotic (e.g. four hours for cefazolin). 


b. Antiseptic use 
• It is recommended patients should shower or bathe with either soap or an antiseptic 


agent on at least the night before the operative day. 
• Intra-operative skin preparation should be performed with an alcohol-based 


antiseptic agent, unless contraindicated. 
• To maximize its efficacy, two per cent CHG/70 per cent alcohol skin antiseptic that 


will be covered by the surgical dressing should not be washed off at the end of 
surgery. 


• In order to reduce the risk of fire, it is imperative that CHG-alcohol skin antiseptic be 
allowed to air dry for at least three minutes or longer if there is excessive hair at the 
surgical site. 


c. Decolonization 
• Mupirocin nasal ointment has the ability to nearly eradicate S. aureus from the nasal 


site. 
• Photodynamic Therapy (PDT) along with chlorhexidine gluconate wipes have also 


been shown to reduce the rate of SSIs 


d. Antiseptic Coated Suture 
• Sutures coated with antiseptic agents have been recommended to reduce the rate of 


SSIs. However, “do not routinely use antiseptic-impregnated sutures as a strategy to 
prevent SSIs.” 


Appropriate hair removal 


• No hair removal prior to surgery is optimal.  
• If hair removal is necessary, clippers should be used outside of the OR within two 


hours of surgery. No hair removal to be done prior to admission. 


Maintenance of perioperative glucose control 


• Perioperative blood glucose levels should be checked on all surgical patients who are 
diabetic or have risk factors for diabetes. 


• Strict blood glucose levels (<6.1 mmol/L) should be avoided. Blood glucose should be 
maintained below 10-11 mmol/L during the perioperative period.  


• Random pre-op blood glucose values should be <10 mmol/L. 


 


  


December 2014  11 


 







 


Safer Healthcare Now! Prevent Surgical Site Infections Getting Started Kit 


Perioperative normothermia 


• Measures should be taken to ensure that the core temperature of surgical patients 
remains between 36.0⁰C and 38.0⁰C pre-operatively, intra-operatively, and 
postoperatively.  


• Pre-warming and intra-operative warming are indicated for all surgeries scheduled to 
last 30 minutes or more. 


• Fluid warmers should be used if the surgical procedures is planned to last more than 
one hour.   


• The ambient room temperature in the OR should range between 20⁰C to 23⁰C. 


Secondly, there are additional evidence-based topics within this guideline that were not 
discussed in the previous Getting Started Kit: 


• SSI Health Economics 
• Canadian Pediatric SSI Journey – B.C. Children’s Hospital 
• Enhanced Recovery After Surgery (ERAS) 
• National Surgical Quality Improvement Program (NSQIP) 
• SSI Individual Risk Factors 
• SSI Impact on Patient’s Perspective and Quality of Life 
• OR Environment and SSI 
• SSI Prevention Compliance 


The goal of the Canadian Patient Safety Institute SSI Faculty was to develop a tool that 
provides evidence-based recommendations when available or otherwise best evidence 
available at the time of publication. When the literature did not provide enough evidence, 
the opinions of Canadian experts were used.  


A thorough systematic review was conducted to include all of the current evidence-based 
strategies around the world from 2005 to 2013. The literature search was carried out in 
PubMed, Embase, MEDLINE and Cochrane Library of Randomized Controlled Trials. These new 
recommendations along with the previous strategies now provide information on almost 
every facet of surgical site infection prevention. However due to space constraints, this 
bundle is not inclusive of all SSI prevention strategies. 
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Abbreviations for the acronyms  
ASHP   American Society of Health System Pharmacists 


CDC  Centers for Disease Control and Prevention 


CMTF Canadian Malnutrition Task Force 


ECDC  European Centre for Disease Prevention and Control 


ERAS Early Recovery After Surgery 


IDSA Infectious Diseases Society of America 


IHI Institute for Healthcare Improvement 


NHSN National Healthcare Safety Network 


NICE  National Institute for Health and Care Excellence 


SCIP Surgical Care Improvement Project 


SHEA Society for Healthcare Epidemiology of America 


SIS Surgical Infection Society 


WHO   World Health Organization 
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Introduction 
Safer Healthcare Now! first introduced the SSI Getting Started Kit in 2005 and since then, 
data has been captured on SSI prevention processes (four major components) that has been 
self-reported by 145 organizations throughout Canada. However, only 43 per cent (63/145) 
of the organizations reported data from September 2012 until August 2013. Although not 
reported, we recognize that data are still captured in some organizations and reported 
locally and/or provincially. 


The main goal of the Safer Healthcare Now! measurement team is to increase enrollment 
and have organizations report their SSI data, in order to capture the effectiveness of Safer 
Healthcare Now! across Canada within the next five years (2014-2018). The annual goal for 
the team is to increase overall annual enrolment and reporting of data by 10 per cent every 
year. However, the Safer Healthcare Now! team understands that provinces that have local 
data collection tools will not value duplicate processes. 


According to the data captured, Safer Healthcare Now! has contributed to the improvement 
of surgical care safety. There has been a 60 per cent decrease in the surgical site infections 
rate in clean and clean-contaminated surgeries from 2005 to 2010 (Figure 1). The four 
process indicators over time included: 


• Per cent of Patients with Timely Prophylactic Antibiotic Administration 
• Per cent of Patients with Appropriate Prophylactic Antibiotic Discontinuation 
• Per cent of Surgical Patients with Appropriate Hair Removal 
• Per cent of All Surgical Patients with Normothermia in PACU 


These processes that were measured over time demonstrated a significant overall 
improvement in surgical care safety.  Participating organizations implementing best practice 
have reached and sustained the goal of appropriate hair removal in over 95 per cent of 
patients. Progress continues to be made with timely prophylactic antibiotic administration 
and discontinuation, as well as end-of-surgery normothermia.   


The Surgical Site Infections Getting Started Kit highlights new and updated best practices. 
The intent of the Safer Healthcare Now! measurement team is to support teams across 
Canada by collecting data and providing feedback in a timely manner to help guide teams in 
their improvement efforts. 


However, we recognize that teams with limited resources may find it difficult to achieve the 
required number of submissions; therefore, we recommend that at least all teams focus on 
three things:  


1) Collect, submit and monitor data for all SSI indicators, where significant opportunity 
for improvement remains  


2) Collect, submit and monitor data for normothermia and perioperative blood glucose 
control, as national compliance has not yet reached 95 per cent 


3) Collect, submit and monitor data for timely antibiotic administration for caesarean 
section patients 
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Figure 1: Incidence of Surgical Site Infections in patients undergoing clean and 
clean-contaminated surgery in Canada from 2006 to 2010 


 


              


 


 


Background 


The Case for Preventing Surgical Site Infections 
Surgical site infection is the most common healthcare associated infection among surgical 
patients, with 77 per cent of patient deaths reported to be related to infection.1


7F


1


Such infections result in 3.7 million excess hospital days and US $1.6-3 billion in excess 
hospital costs per year.3, 4  


 


In Western countries, between two to five per cent of patients undergoing clean surgical 
procedures and up to 20 per cent of patients having intra-abdominal surgical procedures will 
develop a surgical site infection.2 Infected surgical patients are twice as likely to die, spend 
60 per cent more time in the intensive care unit, and are five times more likely to be 
readmitted to hospital after initial discharge.3  
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Preventing Surgical Site Infection: Evidence 
Based Strategies 


1. Perioperative Antimicrobial Coverage  
 
Appropriate Use of Prophylactic Antibiotics 


One of the most important interventions in preventing surgical site infections is the 
optimization of antimicrobial prophylaxis. Appropriate use of antibiotics has been shown to 
reduce the incidence of surgical site infections.1, 5-16 Optimal use of antibiotics, with regard to 
indication, antibiotic choice, dose, timing, and duration will help prevent surgical site 
infections and minimize untoward consequences such as super-infections, adverse reactions, 
and emergence of resistance.1 Unnecessary antibiotic use exposes patients to the possibility 
of super-infections such as Clostridium difficile and increases selective pressure on organisms 
leading to antimicrobial resistance. 


Where are we now? 
The Surgical Care Improvement Project (SCIP) reported the following US national averages for 
the fourth quarter of 2007. This data is self-reported by hospitals and subject to validation 
review:17 


• Antibiotics are given within one hour of surgery 89.5 per cent of the time, on average 
(benchmark 99 per cent). 


• Correct antibiotics are given 95.2 per cent of the time, on average (benchmark 99.5 
per cent) 


• Antibiotics are discontinued within 24 hours of the end of surgery 86.2 per cent of the 
time, on average (benchmark 98.2 per cent) 


In Canada, there is no concerted effort to determine how antibiotics are used in prophylaxis. 
There are however individual efforts performed sporadically.18,19 


• Correct antibiotics were given in 92 per cent18 and 97 per cent19 of cases 
• Antibiotics were given in the appropriate time frame in 78 per cent of cases18 
• Antibiotics are discontinued within the appropriate timeframe in 78 per cent of cases18 


and 34 per cent of cases19 


It is recognized that documentation needs to be improved for a more accurate assessment.19 


i. Indication 
Antibiotic prophylaxis is indicated for patients at high risk of infection, when 
prosthetic material is being implanted, or in patients that would experience 
catastrophic consequences if an infection was to occur.20,21 The National Healthcare 
Safety Network (NHSN) has developed an index that assesses the patient’s risk for 
infection based on the pre-operative assessment (American Anesthesiology Assessment 
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Score), the level of contamination at the time of the procedure, the duration of the 
procedure, and the use of a laparoscope.  
www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf 


For example, antibiotic prophylaxis in clean surgeries is only indicated for cardiac, 
orthopedic, neurosurgery, vascular, and sometimes thoracic patients depending on the 
intervention. Recommendations to use antibiotics are based on this assessment index. 


ii. Choice 
The antibiotic selected for each procedure should provide coverage for the majority 
of organisms likely to be encountered during the procedure but it does not need to 
eradicate every potential pathogen to be effective. Local epidemiological/ 
antibiogram data, when available, should take precedence over published guidelines 
when selecting agents.  


 The selection of antibiotic for prophylaxis should also take into consideration the 
patient’s colonization or infection with multi-drug resistant organisms.22 For 
example, for patients with known methicillin resistant Staphylococcus aureus (MRSA) 
colonization or infection, consider adding vancomycin to the surgical prophylaxis 
regimen for high-risk procedures that involve a skin incision in cardiac, vascular and 
spinal procedures, as well as orthopedic procedures involving implants such as 
complex fractures/fractures with internal fixation and joint arthroplasties. 
Vancomycin alone is less effective than cefazolin for preventing surgical site 
infections due to methicillin susceptible S. aureus (MSSA). 


 It is important to determine whether the patient has a true penicillin or 
cephalosporin allergy in order to avoid unnecessary use of alternative prophylactic 
agents such as clindamycin or vancomycin. Patients should be considered to have a 
true allergy if they have experienced at least one of the following: 
• respiratory difficulty, hypotension, or hives; or  
• a severe non-IgE-mediated reaction, such as interstitial nephritis, hepatitis, 


hemolytic anemia, serum sickness, or a severe cutaneous reaction.  


In the absence of these findings, cefazolin can be used as surgical prophylaxis. 


iii. Appropriate Dosing 
The goal of antimicrobial surgical prophylaxis with regard to dosing, timing, 
frequency, and duration is to achieve serum and tissue antibiotic concentrations that 
exceed the minimum inhibitory concentrations (MICs) of the majority of organisms 
likely to be encountered at the time of the incision, and for the duration of the 
procedure (Table 1).  


There is limited published data on appropriate antimicrobial dosing for prophylaxis. 
The dosage of the antibiotic needs to be adequate based on the patient’s body 
weight, adjusted dosing weight, or body mass index.42 Additional doses may be 
necessary during prolonged surgery in order to ensure an adequate antimicrobial 
level is maintained in tissue until wound closure.  
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Weight-Based Dosing 
Rationale and expert opinion point to the adoption of weight based dosing as an 
added strategy to lower SSI rates. There is evidence that applying weight-based 
dosing to cefazolin, aminoglycoside, and vancomycin surgical prophylaxis regimens 
will lower SSI rates among obese patients.43-45 However, there are pharmacokinetic 
considerations that pose challenges when determining adequate dosages of 
antibiotics in obese patients.46 


For cefazolin, the guidelines by Bratzler et al recommend increasing the dose from 1 
g to 2 g for patients weighing more than 80 kg, and to 3 g for those weighing 120 kg 
or more.23 However the recommendation to give 3 g is based on expert opinion and 
available evidence suggests 3 g is not necessary regardless of body mass index 
(BMI).47 For simplification and because of the relatively nontoxic nature of cefazolin 
and the high percentage of obese surgical patients, some Canadian hospitals have 
standardized to 2 g cefazolin doses for all adult patients when antibiotic prophylaxis 
is indicated. 


Data is inconclusive whether standard 1.5mg/kg dosing or high dose 5 mg/kg is 
necessary for gentamicin. ASHP/IDSA/SIS/SHEA guidelines recommend 5 mg/kg 
dosing but most evidence cited is for treatment with gentamicin, not prophylaxis.23 
The evidence cited for a higher gentamicin dose for prophylaxis came from one study 
in colorectal surgery where they compared 4.5 mg/kg single pre-op dose to 1.5 
mg/kg given pre-op plus 3 postop q8h doses and found the single high dose at least as 
effective as multiple standard dose regimen.45 They theorized that the single high 
dose might be more effective if surgery is delayed or prolonged.   


The same author conducted a second pharmacodynamic study characterizing the 
importance of the "closure concentration" in preventing surgical site infections (SSIs). 
A critical concentration of 1.6 mg/L was identified.44 


A gentamicin dose of 1.5 mg/kg would achieve peak levels of 6 mg/L if the patient 
had an average volume of distribution. Five hours later (if patient had normal renal 
function, i.e. t1/2=2.5h), the gentamicin level would still be 1.5 mg/L (compare to 
average MIC90


 for E. coli of 0.5-1 mg/L and critical closure concentration of 1.6 mg/L 
cited above). 


It is therefore recommended that a 5 mg/kg single pre-op dose of gentamicin be used 
if post-op doses are indicated for the type of surgery to provide 24 hours of 
antimicrobial prophylaxis, or if the anticipated duration of surgery is greater than 
five hours. Otherwise, standard dose of 1.5 mg/kg is recommended for gentamicin 
pre-operatively. Gentamicin dose should be based on ideal body weight (IBW), or 
dosing weight (DW) if the patient's actual body weight is > 20 per cent above IBW, 
rounded to the nearest 20 mg.   


Vancomycin doses should be based on total body weight, rounded to the nearest 250 
mg, and to a maximum of 2 g/dose. 
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Table 1 provides suggested dosing, administration, and re-dosing of prophylactic 
antibiotics. Pediatric patients should receive weight-based doses unless the dose 
exceeds the recommended adult dose, in which case the adult dose should be used. 


iv. Timing 
Pre-operative systemic antibiotics (except vancomycin and fluoroquinolones) should 
be infused within 60 minutes prior to first incision, and ideally at the time of 
anesthetic induction.22,23 To avoid Red Man Syndrome with vancomycin and 
hypotension with fluoroquinolones, these agents need to be infused over one to two 
hours so administration should begin within 120 minutes prior to first incision. The 
Red Man Syndrome usually appears four to 10 minutes after the commencement of 
the infusion, and is characterized by flushing that affects the face, neck and upper 
torso. Less frequently, hypotension and angioedema may also occur.  


To best achieve this timing, antibiotics can be given in the operating room (OR) by 
the anesthesiologist at induction of anesthesia, but depending on the circumstances 
of the procedure and/or the facility, may also be given in the pre-op holding area, or 
on the patient care unit if prolonged infusion is necessary (see Table 1).  
Administering antibiotics “on call to the OR” is not recommended as it often results 
in suboptimal antibiotic concentrations due to surgery schedule changes, transport 
delays, or prolonged intra-operative preparation procedures. 


Facilities that have reported high rates of success with timely prophylactic antibiotic 
administration assign responsibility to anesthesiologists in order to optimize timing of 
antibiotic delivery.18, 24, 25  


It is recommended that all antibiotic infusions be completed no more than 60 
minutes prior to first incision.23 This allows time to achieve an adequate 
concentration of the antibiotic in serum and tissues at the start of surgery. If 
antibiotics are given too early, concentrations will not be sufficient to last 
throughout the operation.  


Antibiotic Prophylaxis during Caesarean Section 
Despite the use of antibiotic prophylaxis, infections are one of the five leading causes of 
pregnancy related mortality in the world.27 A recent meta-analysis revealed that women 
undergoing a caesarean section (C-section) are five to 20 times more likely to get an infection 
compared with those who have a vaginal delivery.28 Up to 80 per cent of caesarean section 
related infections go unrecognized due to onset of symptoms post-discharge and lack of 
outreach surveillance.29, 30 


Several publications have shown a reduction in maternal infection rates when the 
prophylactic antibiotic was given within 60 minutes of incision vs. after cord clamping.27, 31-33 


WHO, the American Academy of Pediatrics, and the American College of Obstetricians and 
Gynecologists have indicated that administering prophylactic antibiotics during the hour 
before incision may be more effective than waiting until umbilical cord clamping.  
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Neonate. The neonatal concerns often cited to justify the practice of administering 
prophylactic antibiotics after cord clamping have not been validated by prospective trials. On 
the contrary, clinical trials have demonstrated no increase in neonatal sepsis, sepsis workups 
or neonatal intensive care unit (NICU) admissions.33 More recent research has actually shown a 
decreased trend in NICU admissions in neonates whose mothers received antibiotics prior to 
skin incision.32  


Evidence to practice. Based on the findings, a change in policy regarding the timing of 
prophylactic administration of antibiotics from post cord clamping to pre−incision was 
implemented in an academic center in the US in 2006.35 An overall SSI rate reduction of 67 per 
cent, primarily due to a reduction in the incidence of endometritis, was achieved during the 
year following the change in timing of antibiotic prophylaxis to be administered before 
incision.  


Antibiotic Prophylaxis with Tourniquet Application 
Governing bodies recommend that the complete dose of prophylactic antibiotics be infused 
prior to inflation of a tourniquet.34,35,36 If the antibiotic is fully infused 30-60 minutes prior to 
incision, its effect will be maximized.38,39 It seems intuitive that the entire antimicrobial dose 
should be infused before a tourniquet is inflated, or before any other procedure that restricts 
blood flow to the surgical site is initiated; however, a study of total knee arthroplasties 
compared cefuroxime given 10 to 30 minutes before tourniquet inflation with cefuroxime 
given 10 minutes before tourniquet deflation and found no significant difference in SSI rates 
between the two groups.231 


Some researchers suggest that tourniquet use may impair the prophylactic efficacy of 
antibiotics administered before tourniquet inflation.40, 41 They suggest that if the antibiotic is 
administered at the moment the tourniquet is released, the concentration of antibiotic in the 
blood bathing the wound would be high. Currently there is no conclusive evidence to indicate 
a change in practice.  


RECOMMENDATION 


Based on the evidence, the Safer Healthcare Now! SSI Faculty recommend that 
prophylactic antibiotic administration be started and completed within 60 minutes 
prior to skin incision for C–sections instead of after cord-clamping. 


RECOMMENDATION 


Based on the evidence, the Safer Healthcare Now! SSI Faculty recommend that a 
prophylactic antibiotic infusion be started and completed within 60 minutes prior to 
tourniquet inflation for cephalosporins (cefazolin) and within 120 minutes for 
vancomycin and fluoroquinolones in order to maximize antibiotic efficacy. 
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Antibiotic prophylaxis for Cardiovascular Percutaneous Procedures 
For the purpose of this document, percutaneous implantation of cardiac and vascular devices 
includes anti-arrhythmic and resynchronization devices, intracardiac closure devices, 
coronary stents, trans-catheter valve replacements (TAVI), percutaneous temporary 
ventricular/oxygenation support devices and endovascular stents and coils. 


• Despite recent guidelines published in the US by the Society of Cardiovascular 
Angiography and Interventions,65 there is no current literature to support the routine 
use of antibiotic prophylaxis for cardiac catheterization procedures including 
diagnostic, arrhythmia ablations and placements of stents (PCI). 


• The common practice for implantation of all the other devices is to provide antibiotic 
prophylaxis, usually administered within the current recommended 60 minutes before 
the beginning of the procedure or skin incision66  


• It is recommended that cefazolin 2 g IV should be the standard dose67, 201  


• There is no evidence that additional doses of antibiotics are necessary 


Antibiotic Prophylaxis for Trauma Patients  
There is limited research that provides information on the appropriate timing of antibiotic 
prophylaxis for trauma patients. According to the Surgical Care Improvement Project (SCIP), 
the prophylactic antibiotic should be given within 60 minutes prior to skin incision and 
discontinued 24 hours after the surgery for trauma laparotomies.68 For orthopedic trauma 
patients, current guidelines suggest that antibiotic prophylaxis be given within 30 to 60 
minutes before the first surgical incision and discontinued 24 hours after the surgery.69-72 
There is no solid evidence to make specific recommendations.  


v. Re-dosing 


Re-dosing of antibiotics may be required during prolonged surgery (more than two 
half-lives of the antibiotic used) or procedures in which there is significant blood loss 
(more than 1.5 L) in order to maintain therapeutic levels perioperatively – see Table 
1 for recommended re-dosing of prophylactic antibiotics.  


Evidence suggests this strategy will contribute to the reduction of surgical site 
infections.1 Additional intra-operative doses may not be warranted in patients for 
whom the half-life of the antimicrobial is prolonged, such as those patients with 
renal insufficiency. Also, according to SHEA practical recommendations228 in clean 
and clean-contaminated procedures do not administer additional prophylactic 
antimicrobial agent doses after the surgical incision is closed in the operating room, 
even in the presence of a drain. 


Table 1 provides suggested dosing, administration, and re-dosing of prophylactic antibiotics. 
Pediatric patients should receive weight-based doses unless the dose exceeds the 
recommended adult dose, in which case the adult dose should be used. 
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Table 1:  Recommended Doses, Administration, and Re-dosing Intervals for 
Commonly Used Antimicrobials for Surgical Prophylaxis 


Prophylactic 
antibiotic 


Recommended 
adult dose 


Recommended 
pediatric 


dose† 


Recommended 
administration 


duration 


Recommended 
timing of 
antibiotic 


administration 


Recommended 
intra-operative 


re-dosing 
interval  


(from time of 
administration of 


pre-op dose) 
Cefazolin 2 g* 30 mg/kg IV push Within 60 


minutes before 
incision 


q4h# 


Cefuroxime 1.5 g 50 mg/kg IV push Within 60 
minutes before 


incision 


q4h# 


Ceftriaxone 1-2 g 50-75 mg/kg IV push Within 60 
minutes before 


incision 


NA 


Ciprofloxacin 


PO 


500 mg NA PO 60 -120 
minutes before 


incision 


NA 


Ciprofloxacin 


IV 


400 mg 10 mg/kg Administer  
over 60 minutes 


Within 60 
minutes before 


incision 


NA 


Clindamycin 600-900 mg 10 mg/kg Administer over 
20-30 minutes 
(max. 30mg/ 


minute)  


Within 60 
minutes before 


incision 


q4-6h 


Co-


trimoxazole 


PO 


1 DS tablet NA PO 60-120 minutes 
before cut 


incision 


NA 


Gentamicin 1.5 mg/kg** 


or 


5 mg/ kg** 


2.5 mg/kg Administer over 
30 minutes  


Administer over 
60 minutes 


Within 60 
minutes before 


incision 


NA 


NA 


Metronidazole 500mg 15 mg/kg Administer over 
20 minutes  


Within 60 
minutes before 


incision 


q8h 


Vancomycin 15 mg/kg*** 15 mg/kg Administer ≤1g 
over at least 60 


minutes, 
> 1g- 1.5g over 


at least 90 
minutes, and 


> 1.5g over 120 
minutes  


Within 120 
minutes before 


incision 


q8h# 
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NA = not applicable/no literature available 
† The maximum pediatric dose should not exceed the recommended adult dose. 
* For adult patients with total body weight ≥ 120 kg, cefazolin 3 g IV is recommended by IDSA guidelines but is based on


expert opinion. Available evidence suggests 3 g is not necessary regardless of body mass index (BMI).
** Use 5 mg/kg as a single pre-op dose if: post-op doses are indicated to provide ~24 hours of antimicrobial prophylaxis,


anticipated duration of surgery is greater than five hours.  Gentamicin dose should be based on ideal body weight (IBW), or
dosing weight (DW) if the patient's actual body weight is > 20% above IBW, dosing should be rounded to the nearest 20mg.


***  Vancomycin dose should be based on total body weight, rounded to the nearest 250 mg up to a maximum 
2 g/dose.  


#  Additional intra-operative doses may not be warranted in patients for whom the half-life of the antimicrobial is prolonged, 
such as those patients with renal insufficiency. 


vi. Duration
Single Dose Antibiotic Prophylaxis
Published literature on antibiotic prophylaxis shows that for the vast majority of non–
complex and uncomplicated surgical cases a single dose of antibiotic is usually
sufficient in preventing infections.48-58 The Medical Letter Treatment Guidelines state
the following: “The duration of antimicrobial prophylaxis should be <24 hours for most
procedures.” Canadian institutions are administering antibiotic prophylaxis up to 24
hours post-operatively only for few procedures including open heart surgery (coronary
artery bypass graft and cardiac valve surgery), thoracic surgery (pneumonectomy,
lobectomy, thoracotomy), gastrointestinal surgery (penetrating abdominal wound,
oesophageal resection, colorectal surgery), and orthopedic surgery (hip or knee repair,
open fractures). However, there is no data to support continuation of prophylaxis after
wound closure or until all indwelling drains and intravascular catheters have been
removed.”59


a. Antibiotic resistance: Potential negative impact of prophylactic antibiotics


Studies have shown that approximately 15 per cent of all antibiotics in hospitals are
administered for surgical prophylaxis.22 While the administration of antibiotic
prophylaxis during the 24-hour post-operative period does not affect the incidence
of adverse effects, there are risks associated with administration of prophylaxis for
more than 24 hours. Patients on prolonged antibiotic prophylaxis are more likely to
develop Clostridium difficile infection (CDI) and harbour antibiotic resistant
bacteria,60-63 which underscores the importance of good antimicrobial stewardship.


Limiting the duration of surgical antibiotic exposure could help reduce the
incidence of antimicrobial resistant organisms and other forms of collateral
damage, such as CDI.1,61,64 The literature suggests that while there are risks
associated with antibiotic prophylaxis, the risk of developing a post-operative
surgical site infection still outweighs the risk of developing CDI.


The Safer Healthcare Now! SSI Faculty encourages teams to continue with
prophylaxis according to the recommended duration. An important balancing
measure is to monitor side effects of prophylaxis by working with your infection
control practitioners to monitor the incidence of antimicrobial resistance, CDI and
surgical site infections.
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What changes can we make that will result in improvement? 
• Use pre-printed or computerized standing orders that specify the recommended


choices for antibiotic drug, dose, timing, and discontinuation.
• Change operating room drug stocks to include only standard doses and standard


drugs that reflect local agreed upon guidelines.
• Reassign antibiotic administration responsibilities to anesthesia (or pre-op


holding area nursing staff) to improve timeliness and efficacy.


b. Antiseptic Prophylaxis


Skin preparation plays a significant role in the prevention of SSI. A primary source
of SSI in clean surgical procedures is the patient’s skin bacterial flora.73 The aim of
skin preparation is to minimize the bacterial burden on the skin and prevent
rebound growth without causing irritation to the surgical site.


Perioperative antiseptics are currently delivered in a variety of ways: mouthwash,
body wash, skin preparation of the surgical site, as well as post-operative wound
care. Acceptable antiseptic agents include chlorhexidine and iodophors (povidone-
iodine), in combination with alcohol, if not contraindicted. The ideal pre-operative
skin antiseptic agent should:


• significantly reduce microorganisms on intact skin,


• be non-irritating to the skin,


• be broad spectrum,


• be fast acting,


• have a persistent effect,


• remain effective in the presence of organic material (blood and body
fluid), and


• be cost effective.74, 75
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RECOMMENDATION


Based on the evidence, the Safer Healthcare Now! Faculty recommend that 
prophylactic antibiotics be completely infused within 60 minutes of first incision, and 
should be repeated for surgeries lasting longer than two half-lives of the antibiotic or 
those with significant blood loss.23 This allows time to achieve an adequate 
concentration of the antibiotic in serum and tissues at the start of surgery. If 
antibiotics are given too early, concentrations will not be sufficiently maintained 
throughout the operation. Antibiotics administered for cardiac, thoracic, orthopedic 
and vascular patients should be discontinued within 24 hours of the end of surgery, 
whereas other surgeries require no further administration of prophylactic antibiotics 
following surgery.
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Although pre-operative bathing (whole-body disinfection) with antiseptic agents has 
not been shown to reduce the incidence of SSI rates,1, 26, 89 it has been shown to 
reduce bacterial counts on the skin.90 It is recommended that patients should 
shower or bathe with either soap  or an antiseptic agent at least the night before 
the operative day.204-212  


Chlorhexidine Surgical Skin Preparation 
Alcohol-based antiseptics have demonstrated their superiority compared to non-
alcoholic solutions. Therefore, intra-operative skin preparation should be 
performed with an alcohol-based antiseptic agent, unless contraindicated.213-226 


Chlorhexidine and povidone-iodine are the most commonly used antiseptic 
compounds. While both are safe and effective for skin disinfection, two per cent 
chlorhexidine with 70 per cent isopropyl alcohol (2% CHG/70% IPA) has repeatedly 
been shown to be a more effective surgical skin preparation solution than any other 
bactericidal agent to which it has been compared.76-80   


The properties that make chlorhexidine highly effective are a strong affinity for 
binding to the skin, high antibacterial activity, and a prolonged residual effect on 
rebound bacterial growth.81 Alcohol-based chlorhexidine antiseptic solutions 
significantly reduce the likelihood of wound, catheter, and surgical site colonization 
and maximize the rapidity, potency and duration of bactericidal activity when 
compared to other solutions.82  


Not only is chlorhexidine superior in reducing bacterial colony counts, but recent 
research has shown substantive evidence that alcohol-based chlorhexidine 
antiseptic solutions are superior to povidone-iodine in preventing surgical site 
infections.78, 83-85


Further, in contrast to iodophors, chlorhexidine does not become inactivated in the 
presence of organic material, such as blood, pus, and body fluids.86 In order to 
maximize the effects of chlorhexidine, both the Society for Healthcare 
Epidemiology of America (SHEA) and the Infectious Disease Society of America 
(IDSA) recommend that chlorhexidine not be washed off following application.87  


Caution with Alcohol–Based Solutions 
Fire hazard. Fires in the OR can have devastating consequences for both patients 
and staff. While fires in the OR are extremely rare, alcohol-based antiseptics are 
flammable, therefore Safer Healthcare Now! Faculty recommend that the following 
precautions be taken when using alcohol-based antiseptic skin prep solutions: 


• Provide education to all staff on the safe use and effective application
methods before the use of all flammable alcohol-based solutions.


• Avoid dripping or pooling of alcohol-based antiseptic solutions on sheets,
padding, positioning equipment, adhesive tape, as well as under the patient
(umbilicus, groin).74
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• Ensure the antiseptic solution has completely dried by evaporation – a
minimum of three minutes is required for alcohol-based solutions.34, 74


Areas with excess hair will take longer to dry. Healthcare facilities utilizing
alcohol-based surgical preparation solutions should develop protocols to
ensure and document that the applied solution is completely dry before
draping the patient (i.e. add to pre-operative surgical checklist). Some
sites across the country are using the “time out phase” of the surgical
checklist to allow chlorhexidine-alcohol skin prep solution to dry. An ideal
surgical checklist has three phases: briefing, time out and debriefing.


• Single–use applicators should ideally be used to apply flammable skin
preparation agents. In addition, the FDA has recommended single-use
packaging for all antiseptic products to further reduce the risk of
contamination.88 For head and neck procedures, use an applicator with less
volume to avoid excess. This limits the amount of pooling on or under the
patient and also reduce the risk of contact with eyes and inner ear, which
is a contra-indication to alcohol-based solutions.74


• Surgical team members must communicate with each other when a
flammable skin preparation agent is used.


Skin sensitivities/allergies 
Chlorhexidine is well tolerated and has shown a low incidence of hypersensitivity 
and skin irritation.82  Rare cases of severe allergic reactions, including anaphylaxis, 
have been reported.91-93 Caution should be exercised to avoid direct contact with 
the eye,94 inside of the ear95 (to avoid vestibular and ototoxicity), or with neural 
tissue. 


Children 
Alcohol–based chlorhexidine solution (2% CHG/70% IPA) has been approved by the 
US FDA for children two months or older. The compendium of strategies to 
prevent healthcare-associated infections from the Society for Healthcare 
Epidemiology of America (SHEA) recommend that infants older than two months of 
age be bathed with chlorhexidine for the prevention of hospital acquired infections, 
specifically for prevention of central-line blood stream infections and to prevent 
MRSA transmission.87 In May 2012, the FDA approved the following statement for 
inclusion in the labels of CHG products: “use with care in premature infants or 
infants under two months of age. These products may cause irritation or chemical 
burns.”96 


Neurosurgery 
• Caution should be exercised to avoid CHG contact with the eyes, the inside


of the ears, the meninges.74 (AORN 2013)
• Povidone iodine remains the standard for neurosurgical procedures.
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Trauma 
When the situation is life-threatening and there is not enough time for alcohol-
based solutions to dry before skin incision, an aqueous-based antiseptic solution 
should be used. However, remember that all antiseptic should be dried before skin 
incision. Drying is part of achieving maximal efficacy.  


c. Decolonization


Mupirocin nasal ointment
Surgical site infections can double the risk of mortality among patients post-
operatively.97 Staphylococcus aureus is the most common bacterial cause of SSI98


and can frequently colonize the anterior nares99 and other body sites. Mupirocin
nasal ointment has the ability to nearly suppress S. aureus from the nasal sites. In
one study, there was a 56 per cent reduction in the rate of surgical site infections
in the mupirocin-chlorhexidine group compared to the placebo group.85 A
systematic literature review by Kallen et al (2005) found that nasal decolonization
decreases surgical site infections in non-general surgery cases, but not in general
surgery cases.100 In another intervention, Rao et al. demonstrated that 26 per cent


RECOMMENDATION 
Based on the evidence, the Safer Healthcare Now! SSI Faculty recommend that the 
patient should shower or bathe with either soap or an antiseptic agent on at least the 
night before the operative day. Intra-operative skin preparation should be performed 
with an alcohol-based antiseptic agent, unless contraindicated. Two per cent 
chlorhexidine with 70 per cent isopropyl alcohol (2% CHG/70% IPA) has repeatedly been 
shown to be the most effective surgical skin preparation solution for intact skin.  


Following application of chlorhexidine-alcohol skin preparation solution, surgical teams 
should allow at least three minutes for the skin preparations to air dry prior to first 
incision., or longer if there is excessive hair. Allowing time for the skin preparation 
solutions to air dry is imperative to maximize its efficacy and prevent a fire hazard. In 
addition, CHG-alcohol skin prep should not be washed off but left under the wound 
dressing to enhance its benefits. The skin antiseptic outside the dressing can be washed 
off without reducing the benefits of the skin preparation to the surgical site. 


Alcohol-free solutions should be used as a skin preparation in emergent cases when 
there is not enough time to allow CHG-alcohol solution to completely dry before 
incision.  


There are CHG aqueous solutions marketed for use in the oral cavity. Manufacturer’s 
directions should be followed for all antiseptics.  


CHG/IPA manufacturer’s labels do not recommend contact with eyes, inner ear, mucous 
membranes or meninges.  
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of the patients that tested positive for S. aureus completed the decolonization 
protocol and had no post-op infections at one-year follow-up.101 


Photodynamic Therapy 
Photodynamic Therapy (PDT) has also been shown to be an effective decolonization 
method. In preliminary human testing, PDT eradicated MRSA completely from the 
nose within 10 minutes.102 An advantage of photodynamic therapy stems from its 
mechanism of action that involves singlet oxygen (electronically excited state of 
molecular oxygen) generation that makes it impossible to induce effective 
resistance mechanisms.103 In a study by Bryce et al (2013), patients who were 
decolonized with the combination of PDT and Chlorhexidine Gluconate wipes were 
much less likely to have an SSI (51/3398) compared to the non-decolonized group 
(24/443) (p<0.0001; OR = 3.759). There was also a 50 per cent reduction in S. 
aureus infections in the decolonized group as well.104  


The concern with the use of PDT for SSIs is how to eliminate the pathogens without 
damaging the host tissue and without compromising the local protective mechanism 
initiated by the very existence of the pathogens.105 One way to ensure that the 
photosensitizer binds as much as possible to microbial cells and as little as possible 
to host cells is to deliver the photosensitizer directly into the infected area by 
topical application to skin or mucous membranes, instillation into a hollow organ, 
or by local injection into an abscess.106  


d. Antiseptic Coated Sutures


Surgical sutures can be a contributing source of bacterial colonization and surgical
site infections.191 Sutures coated with antiseptic agents (Triclosan most commonly
used) have been recommended to reduce the rate of SSIs.191 A recent systematic
review and meta-analysis of 17 Randomized Controlled Trials assessed 3,720
patients undergoing a variety of surgeries (breast, cardiac and other
contaminated/dirty operations). 192 In the overall results, it was shown that
Triclosan-Coated Sutures (TCS) reduced the rate of SSIs by 30 per cent.192 In another
comprehensive study by Nakamura et al (2013), it was reported that 4.3 per cent of
elective colorectal surgery patients (9/206) had an SSI in the TCS group compared
to 9.3 per cent (19/204) in the control (non-coated) group.193 Future plans
regarding antiseptic sutures include investigating the potential development of
bacterial resistance and cost-effectiveness of the TCS.


RECOMMENDATION 


Antiseptic coated sutures (ACS) have been associated with a reduction in SSIs; 
although the impact of ACS on antiseptic resistance remains to be elucidated. 
Therefore, “Do not routinely use antiseptic-impregnated sutures as a strategy to 
prevent SSIs”.228
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The use of razors (shaving) prior to surgery increases the incidence of wound infection when 
compared to clipping, depilatory use, or no hair removal at all.82, 107-111 According to WHO 
guidelines,37 hair should not be removed unless it interferes with the surgical procedure. The 
literature indicates that clipper use is sufficient for any body part and that razor use is not 
appropriate for any operative site. Clippers should be used as close to the time of surgery as 
possible.1  


Depilatory cream is a potential option, but has some disadvantages. They may require an 
allergy and irritant patch test 24 hours before the full application. Also, hair removal using a 
depilatory cream would have to be carried out in the patient’s own home due to reduced pre-
admission time.112 


What changes can we make that will result in improvement? 
• Patients should be educated not to shave or use a depilatory agent in the vicinity of


the surgical site before surgery.74 Incorporate this message into the printed pre-
operative patient information and surgeon’s office communication.


• Update policy and procedure manuals: If hair removal is necessary, clippers should be
used instead of razors to prepare the surgical area pre-operatively


• Remove all razors from the hospital once clippers have been introduced. Work with
the purchasing department so that razors are no longer purchased by the hospital


• Implement reminder posters throughout the operating theatre and surrounding patient
support areas


• Involve staff in the selection of clippers


• Use either a single-use electric or battery-powered clipper, or a clipper that can be
fully submersed and disinfected between patient use with disposable or re-useable
heads74


• Clipping should occur less than two hours before surgery in an effort to limit bacterial
contamination of the surgical site37


• The AORN guidelines report that hair should be removed outside of the operating room
theatre or procedure room to limit hairs from contaminating OR tables and/or the
surgical wound.74 We recognize that this is a challenge given that most OR
departments do not have private facilities to remove hair outside the operating room
theatre


• We caution against removing hair on the units prior to surgery as it increases the
likelihood of falling outside of the two-hour window


2. Appropriate Hair Removal
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 It may be necessary to remove hair in the operating room theatre or on a gurney in an
OR holding area. Regardless of location, using adhesive gloves or other methods to
remove stray hairs after clipping is important


Neurosurgery 


 A systematic review found no statistical difference in infection rate between patients
who were shaved or not shaved for cranial procedures113


 Sparing the hair has considerable cosmetic value for the patient


 Strategies for managing hair in neurosurgery cases include:117


o Braiding74


o Parting the hair with a sterile comb and taping it114


o Binding hair with rubber bands for patients with long hair115,116


 “Because hair removal neither contributes benefits to the surgery itself nor decreases
the risk of wound infection but does have considerable cosmetic value for the patient,
many authors recommend that cranial surgeries should be done without hair
removal.”113


 Considerations for not removing hair include:
o Wound closure may take 20-30 minutes longer than in shaved patients118, 119


o Hair removal allows better visualization of underlying cranial defects,
facilitation of markings, and avoidance of working around the hair120


 Removing hair remains the standard for neurosurgical procedures in Canadian hospitals


RECOMMENDATION 


Safer Healthcare Now! SSI Faculty recommends no hair removal prior to surgery. If 
hair removal is necessary, clippers (not razors) should be used. Ideally, hair removal 
should occur outside of the OR theatre or procedure room, but inside of the operating 
room department, within two hours of surgery. OR teams should make every effort to 
reduce the risk of bacterial contamination of the surgical site by eliminating stray 
hairs following hair removal. A variety of methods, such as showering, using wipes or 
adhesive tape will help in eliminating hairs. 
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There is considerable observational evidence linking hyperglycemia1 in hospitalized patients 
(with or without diabetes) to poor outcomes. Review of medical evidence shows a correlation 
between the degree of hyperglycemia in the post-operative period and the rate of SSI in 
patients undergoing major cardiac surgery.121,122 Recent literature has informed that glucose 
control in all patients reduces the risk of infection.123,124 Previous research has endorsed strict 
glycemic control (blood glucose levels within a low, narrow range) perioperatively.125 However, 
the optimal glycemic control regimen to prevent SSIs has recently been questioned. Not only 
has there been no consistent reduction in mortality with strict control of glycemia in critical 
care patients,126, 127 it has actually led to higher rates of hypoglycemia and increased 
mortality.128, 129 Furthermore, a recent Cochrane meta-analysis found insufficient evidence to 
support the routine adoption of strict glycemic control (4.1-6.0mmol/L) over conventional 
management (<11.1 mmol/L) perioperatively for the prevention of SSIs.130**  


Based on evidence, the American Association of Clinical Endocrinologists and the American 
Diabetes Association have recently released a consensus statement on glycemic control in 
hospitalized patients.131 In the intensive care unit (ICU), intravenous infusion is the 
recommended route of insulin administration for persistent hyperglycemia. However, strict 
blood glucose levels (<6.1 mmol/L) should be avoided, and blood glucose should be 
maintained between 7.8 and 10 mmol/L for the majority of critically ill patients. Frequent 
glucose monitoring is essential to achieving optimal glucose control. Outside of the ICU, 
scheduled subcutaneous administration of insulin, with basal, nutritional, and correction 
components is preferred. However, during surgery patients should be treated as in an ICU.  


Blood glucose targets before meals should be <7.8 mmol/L (and >3.9 mmol/L), and random 
blood glucose values should be <10 mmol/L. (See SSI Individual Risk Factors) 


The Enhanced Society After Surgery recommends the use of strategies to minimize the stress 
of surgery and to protect against insulin resistance 232 which includes avoidance of pre-
operative fasting, and use of epidural anesthesia to promote early post-operative 
alimentation.233  


What recommended changes can we make that will result in improvement? 
• Begin glucose maintenance protocols 24 to 48 hours before surgery – develop protocols


to advocate that patients and families control their pre-operative glucose levels at
home, including referral to a nutritionist


• All diabetic patients, or patients with risk factors for diabetes should have a capillary
blood glucose (CBG) level drawn during their pre-operative clinic visit


1 Hyperglycemia is defined as any blood glucose value >7.8mmol/L; hypoglycemia is defined as any blood glucose level <3.0 
mmol/L) (Moghissi et al., 2009) 


3. Maintenance of Perioperative Glucose Control† **
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 All diabetic patients, or patients with risk factors for diabetes should have a
capillary blood glucose (CBG) level drawn during their pre-operative clinic visit 


 Assign responsibility and accountability for blood glucose monitoring and control


 Diabetics, and anyone with a CBG >10 mmol/L should be flagged to have a repeat
CBG drawn the day of surgery (these patients should have CBG done every two hours 
intra-operatively) 


 CBG >10 mmol/L perioperatively – notify anesthesiologist or surgeon


 Patients should be informed that glucose levels should be maintained until at least
24 to 48 hours after surgery130, 195 and monitored every one to four hours if the patient 
is diabetic.127  


RECOMMENDATION 
Based on the evidence, The Safer Healthcare Now! SSI Faculty recommends that 
perioperative blood glucose levels be monitored on all surgical patients who are 
diabetic or have risk factors for diabetes. Teams are encouraged to apply conventional 
glucose control (BG < 10-11 mmol/L) to surgical populations. Strict perioperative 
glycemic control (4.1-6.0mmol/L) should be avoided to enhance patients’ outcome. 
Blood glucose should not drop below 6.1mmol/li. 
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It is well established that General and Neuraxial Anesthesia impair thermoregulatory control. 
Consequently, between 50 per cent to 90 per cent of the surgical population who are not 
actively warmed will become hypothermic intra– and post-operatively.132,133 In addition to 
impaired thermoregulation, Anesthesia induces a heat redistribution followed by heat loss 
secondary to wet skin preparations and skin exposure to cold operating rooms which allows 
heat loss by convection, conduction, evaporation and radiation. Heat redistribution is 
minimized when heat content of the peripheral compartments is increased by pre-warming 
patients before they enter the OR. Pre-warming entails using the same forced-air system that 
is currently used in the OR suites, however it should be initiated before patients are admitted 
to the OR theatres.  


The medical literature suggests that patients undergoing surgery have an increased risk of 
surgical site infection if normothermia is not maintained during the perioperative period.133,134 
The association between hypothermia and SSI is supported by the following mechanisms:  


• Hypothermia directly impairs immune cell function.


• Hypothermia triggers vasoconstriction, which reduces blood flow and oxygen partial
pressure at the surgical incision.


Mild perioperative hypothermia has also been associated with a 16 per cent increase in blood 
loss, 22 per cent decrease in transfusion requirement,135 triple the number of cardiac 
complications in a population at risk of coronary artery disease undergoing major surgery136 and 
prolonged anesthesia recovery time and hospital stay. 


These complications can be reduced through the implementation of perioperative thermal 
management and continuous intra-operative temperature monitoring which should be done for 
any surgery scheduled to last more than 30 minutes.137 


Normothermia entails keeping the patient’s core temperature at or above 36°C, as patients 
go through their surgical procedure. Safer Healthcare Now! defines normothermia as 
maintaining a core temperature between 36°C to 38°C. It is essential to monitor core body 
temperature optimally. The gold standard body sites for assessing core temperature are the 
pulmonary artery, the distal esophagus137 and nasopharyngeal sites. However, other less 
invasive sites can be used particularly when patients are awake. Therefore, oral, infra-red 
temporal and tympanic thermometers are capable of measuring temperatures if properly 
utilized (well trained clinician). However, among the non-invasive thermometers, oral 
temperature probes provide more accurate readings.137 


4. Perioperative Normothermia§
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What kind of changes can we make that will result in improvement? 
Normothermia (core temperature 36°C to38°C) should be maintained pre-operatively, intra-
operatively, and in PACU by implementing any combination of the following: 


 Pre-printed order sets to ensure pre-warming


 Active Pre-warming AND Intra-op warming is indicated when surgery is expected to
last >30 minutes137


 Warmed Intravenous fluids for abdominal surgeries expected to last more than one
hour in duration137


 Warmed lavage liquids for colorectal surgery


 Increase the ambient temperature in the operating room to 20°C to 23°C (ORNAC
standards)138


 Hats and booties on patients during surgery


 Pre-warming should be initiated between 30 minutes to two hours prior to major
surgery. Recent literature has shown that even only 10 minutes of pre-warming makes
a difference.139 The optimal duration of pre-warming has not been determined.


Canadian Story: 


RECOMMENDATION 


Based on the evidence, the Safer Healthcare Now! SSI Faculty recommend that 
measures are taken to ensure that surgical patient’s core temperatures remain 
between 36.0°C and 38.0°C pre-operatively, intra-operatively, and in PACU. 
Continuous intraoperative temperature monitoring is suggested anticipating that 50 
to 90 per cent of surgical patients will become hypothermic if not actively warmed. 
Active pre-warming and intraoperative warming with forced-air are indicated for all 
surgeries schedule to last 30 minutes or more. Fluid warmers should be used if the 
surgical procedures is planned to last more than one hour. The ambient ORs room 
temperature should be maintained between 20°C to 23°C. 
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Canadian Story: Normothermia 
In combination with several other SSI prevention initiatives, Sunnybrook Health Sciences 
Centre surgical and peri–anaesthesia teams set a goal to ensure all elective laparotomy 
patients maintain a core body temperature of at least 36°C perioperatively (no more 
than 38°C).  


The following processes were implemented in an effort to achieve this goal: 


A) Pre-warming
 Educate patient service partners from Same Day Surgery area on which


surgical procedures were eligible for warming prior to surgery


 A checklist of surgical procedures that require a forced air blanket pre-
operatively was established


 Revised pre-operative pre-printed order sets to include pre-warming for all
major laparoscopic and laparotomy general surgery and surgical oncology
procedures


B) Intra-operative warming
 Quarterly feedback on group performance to the OR teams


 Individual surgeons and anesthesiologists provided with feedback on their
compliance with this best practice


 Automatic room temperatures set at 23°C at 7:15 am by default.  After one
hour, the OR room temperature control is given back to each OR. End-of-
surgery temperature is recorded for all surgical cases. Periodic feedback is
forwarded to healthcare providers


 Fluid warmers used for surgery lasting more than one hour where a greater
amount of fluid is expected to be infused
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Perioperative Temperature Control in Cardiac Surgery  
Induced hypothermia has been used as an organ protective strategy since the beginning of 
cardiac surgery. However, unintended consequences have been associated with this practice. 
In addition, rewarming patients before weaning from Cardio-Pulmonary Bypass (CPB) has been 
associated with poorer neurocognitive outcomes.140 According to Belway (2011),141 in Canada, 
the vast majority of cardiac surgeries done with the assistance of CPB are done at a central 
core temperature of 34°C during the CPB. It is also common practice in Canada to rewarm 
patients to 37°C before weaning form CPB.141 However, if no additional thermoregulatory 
strategies are implemented, a temperature drop of 1.2°C203 is expected to happen from the 
time the patient is weaned from CPB until transfer to ICU. Consequently, patients may arrive 
in ICU with a temperature lower than 36°C, which has been shown to increase myocardial 
damage,142 blood loss by 50 per cent,143 mortality, prolonged hospital length of stay and 
delayed extubation. 


In some centers, Off-Pump Coronary Artery Bypass Graft (OPCABG) surgeries are performed. 
Similarly to surgery performed with the assistance of CPB, OPCABG surgery patients also 
benefits from being normothermic.  Normothermic patients at the end of surgery translates in 
a reduction of post-op blood loss by more than 40 per cent.144 


RECOMMENDATION 
According to Teodorczyk,145 an underbody forced-air system blanket should be used 
during the rewarming phase on CPB and continued until transfer to ICU. This resulted 
in 90 per cent of cardiac surgical patients in the intervention group to arrive 
normothermic in ICU as opposed to 40 per cent in the control group. Similar evidence 
exists for OPCABG. Therefore, the Safer Healthcare Now! SSI Faculty recommend the 
use of a skin-warming surface technology (Forced-Air warming system being the most 
commonly studied and used) for all cardiac surgery cases with or without the 
assistance of CPB. 
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Canadian Pediatric SSI Journey – B.C. Children’s 
Hospital 
BC Children’s Hospital (BCCH) began participating in the National Surgical Quality 
Improvement Program-Pediatrics (NSQIP-P) in May 2011. They receive semi-annual reports, 
which allow them to monitor their SSI rates and compare them with 56 other major pediatric 
centers in the United States. BCCH is the first and only Canadian pediatric site to participate 
at present. In being able to identify areas for quality improvement initiatives through NSQIP-
P, they have established multiple projects that are ongoing to help tackle surgical site 
infection rates. The ability to target interventions was further enhanced by conducting two 
in-depth multivariate analysis studies (one matched for procedure, one unmatched) from 
which they were able to identify populations, who were most at risk, as well as any site-
specific risk factors (e.g. prophylaxis administration of antibiotics, length of procedure, etc.) 


BCCH started to decrease their SSIs by developing a clinical pathway for appendectomies 
based upon best evidence available for pediatrics, and consensus at their site. This included 
initial fluid management, pre-operative antibiotics, surgical antibiotic prophylaxis, and 
standardized skin preparation and post-operative care practices. Pre-operative medical 
treatment with antibiotics is commenced once a decision to operate is made. Re-dosing for 
surgical prophylaxis is provided if more than two (antibiotic-specific) half-lives have elapsed 
since the previous dose. This ensures optimized serum levels of antibiotic and avoidance of 
drug toxicity. Also in the field of pediatric surgery, they have an ongoing initiative revolving 
around gastroschisis, involving all aspects of the care of these neonates from birth through to 
discharge. 


Further to the work being done with Pediatric Surgery, BCCH has also completed work looking 
at hypothermia in the orthopedic spine population, leading to a more advanced monitoring of 
hypothermia in the OR. In addition to their “Maintenance of Normothermia Policy” published 
in 2007 and revised in 2013, BCCH added pre-warming for non-cardiac cases slated to last 
more than two hours in 2010, for children over 10kg, with a temp check q30 min. In spinal 
surgical procedures, pre-warming substantially reduced the percentage of time during the 
case that patients were hypothermic.202 The NSQIP-P team at BCCH has also taken a unique 
look at the relationship between nutrition and surgery by completing a pilot study looking at 
nutrition status of pre-operative orthopedic patients by utilizing their BMI and height z-
scores. They are also working on validating a pre-operative nutrition assessment tool to 
identify those patients at high risk.  


BCCH is in the early stages of introducing a chlorhexidine washcloth for pre-operative bathing 
practices in high-risk surgical patients. The NSQIP-P team is also working closely with the 
antimicrobial prophylaxis team, looking into more appropriate antibiotic use pre, intra and 
post-operatively. Ongoing monitoring of post-operative complications through NSQIP-P 
continues to be a positive and beneficial experience. 
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Enhanced Recovery After Surgery (ERAS) 
Enhanced Recovery After Surgery (ERAS) is gaining momentum across Canada with a primary 
focus on colorectal surgery. ERAS is a multimodal perioperative care pathway designed to 
achieve early recovery for patients undergoing major surgery. It is designed to provide 
between 16 to 35 evidence-based elements for patients (depending on the surgical specialty) 
throughout the entire perioperative process. Some of the elements overlap with the 
recommendations in this Getting Started Kit, which highlight appropriate antibiotic 
prophylactic timing, normothermia and nutrition. The majority of research has focused on 
colorectal surgery and a recent meta-analysis found that compared to traditional care 
practices, those who have gone through the ERAS pathway could expect a decrease of 2.44 
days from their primary hospital stay.199   


ERAS has also has been shown to decrease surgical site infections from 11.5 per cent to 4.9 
per cent, deep surgical site infections from 6.6 per cent to 1.6 per cent and urinary tract 
infections from 6.6 per cent to zero.200 The biggest challenge reported with the 
implementation of ERAS were change management elements post-surgery for ambulation, 
early feeding and prophylactic intervention for nausea/vomiting and pain control.  


There are four ways that sites across Canada are supporting the measurement framework for 
ERAS; these are: 


• The National Surgical Quality Improvement Program (NSQIP) has built an ERAS module
of 17 evidence based data elements for colorectal surgeries (but likely will expand to
other surgical specialties)


• iERAS through the Best Practices in General Surgery at the University of Toronto.  Link:
http://www.bpigs.ca/eras-tools (costs associated with the purchase of this
framework) 


• The ERAS Society.  Link:  http://www.erassociety.org (costs associated with the
purchase of this framework)


• Many sites are using a self-designed excel spread sheet.


Even though the majority of research on EARS started in colorectal surgical patients, many 
sites across Canada are applying pathways in other surgical specialities (i.e., neurology, 
urology and orthopaedics). 
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National Surgical Quality Improvement Program 
(NSQIP) 
We have seen a growing interest in measuring risk adjusted surgical outcomes using the 
National Surgical Quality Improvement Program (NSQIP) across Canada. Thirty Canadian 
hospitals and more each month have enrolled in NSQIP. NSQIP provides validated and risk 
adjusted surgical outcomes data for almost 400 hospitals using the benchmark 30-day post-
procedure patient follow-up. It is a program highly regarded by physicians for its rigour and 
benchmarking capacity. 


Despite the focus on preventing SSI, the NSQIP hospitals have learned there is plenty of room 
for improvement. As hospitals strive to be in the top performing subgroup, many sites are 
meeting ‘as expected’ performance targets. There are several hospitals in the lowest 
performing subgroup for SSIs in one or all of their surgical sub-specialties.   


SSI remains one of the key areas needing improvement across surgical programs in Canadian 
Hospitals. SSI rates are now being measured more systematically along with other adverse 
surgical outcomes such as urinary tract infection (UTI) and pneumonia. Few sites are 
performing at the exemplary level and many are in the bottom 30 per cent of the 375 
comparison hospitals.   
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Health Economics 
When focusing only on healthcare associated surgical site infections, three studies reported 
the average cost per case of surgical site infections in the general patient population to be 
US$1,051 (CAN$1,174),146 €1,814 (CAN$3,268),147 and 19,638 Swiss francs (CAN$21,392).148   


In orthopaedic surgery patients, the median attributable cost of surgical site infection was 
US$17,708 (CAN$ 19,779).149 Surgical site infections in patients after colorectal, head-and-
neck cancer-related surgeries, coronary artery bypass graft, and low transverse caesarean 
section deliveries were associated with costs of US$13,746 (CAN$16,560),150 €16,000 
(CAN$26,273),151 AUS$12,419 (CAN$14,934),152 and US$2,852 (CAN$3,107) to US$3,529 
(CAN$3,845) 153 per case, respectively.  


Additional Hospital Length of Stay due to postoperative SSI (in Days) 


Authors (Year) Types of Surgery Additional Hospital 
Length of Stay 


Kasatpibal et al154 (2005) Various 14 days (median) 


Weber et al155 (2008) Various 16.8 days (mean) 


Alfonso et al156 (2007) Various 13.8 days (mean) 


Coello et al157 (2005) Various 11.6 days (mean) 


Coskun et al158 (2005) Cardiothoracic 28 days (mean) 


Penel et al159 (2008) Head and Neck Cancer 16 days (mean) 


McGarry et al160 (2004) S. aureus infections 11 days (median) 


The additional hospital length of stay due to surgical site infections ranged from 11 to 28 days 
depending on the type of surgery.  
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SSI Individual Risk Factors 
There are various patient related risk factors that increase the risk of developing an SSI that 
can be easily addressed with proper planning, anticipation and patient compliance. The major 
individual risk factors include:  


1) Obesity161


2) Malnutrition161


3) Smoking161


4) Pre-existing body site infection161


1) Obesity
A Body Mass Index greater than 30 kg/m162 can significantly increase the risk of acquiring a
surgical site infection. Firstly, obesity is often associated with diabetes mellitus and
increased serum glucose levels amplify the risk of developing infection.161 Secondly, obese
patients possess excess skin flaps that can cause prolongation of the surgical procedure.
This can subsequently increase the risk of an infection.162 Support from family and staff in
adopting healthy eating habits and other life style changes can help patients lose weight
and are encouraged. Educational sessions and nutritionist assistance can have positive
effects for these patients.161 Finally, patients with increased weight require higher doses
of antibiotics to achieve effective tissue and serum concentration in order to reduce the
risk of infection. In one study, morbidly obese patients who received 2 g rather than 1 g of
cefazolin pre-operatively showed a 66 per cent decrease in the incidence of wound
infections.162


2) Malnutrition
In patients with moderate and severe malnutrition,171, 234, 235 wound healing is compromised
and post-operative complications are significantly increased. Malnourished patients are at
a higher risk for SSI.


Malnutrition includes both the deficiency and excess (or imbalance) of energy, protein and
other nutrients. In clinical practice, under-nutrition, and inadequate intake of energy,
protein and nutrients, is the focus. Under-nutrition affects body tissues, functional ability
and overall health. In hospitalized patients, under-nutrition is often complicated by acute
conditions (e.g. a trauma), infections and diseases that cause inflammation. Such
complications worsen under-nutrition and make it more challenging to correct due to
extensive physiological changes and increased nutritional needs when appetite is
decreased.236


All patients should be screened for malnutrition either prior to or within 24 hours of
admission using a validated nutrition screening tool. Ideally in a surgical population,
patients should be screened early enough to allow for adequate nutritional rehabilitation
prior to surgery; consideration to provide adequate nutritional support should be given for
patients with severe malnutrition undergoing elective surgery.171, 237 Patients with
moderate malnutrition should be closely monitored by a dietitian/nutritionist in the post-
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operative period so that timely and sufficient nutrition can be provided.172, 238  See the 
Nutrition section. 


3) Smoking
Cigarette smoking compromises wound healing by obstructing the accumulation of
platelets in the micro-vascular region and increasing non-functional hemoglobin, thus
decreasing circulation to the skin.173 Smoking can also inhibit the immune system and
reduce the delivery of oxygen to the surgical site.161 In one study, non-smokers had an SSI
rate of two per cent compared to 12.6 per cent in the group of smokers. There was also a
significant (94.9 per cent) decreased incidence of infections after the group of smokers
stopped smoking compared to the group that continued smoking.162 Smoking cessation is
recommended at least 30 days before surgery. Even if a patient stops smoking 24 hours
before surgery, the oxygen carrying capacity of the blood is increased and the wound
healing capabilities are less compromised.227 These patients should also focus on their
nutritional status because malnutrition is also associated with smoking.161


4) Pre-existing body site infection
Some patients may have soft tissue infections at the time of surgery. If these existing
infections are located near the surgical site, the risk of developing an SSI increases three
to five times.161 Even in the presence of remote infections, haematogenous seeding may
occur at the surgical site.


December 2014 42 







Safer Healthcare Now! Prevent Surgical Site Infections Getting Started Kit 


SSI Impact on Patient’s Perspective and Quality of 
Life 
Patient-focused care is the central driver in a healthcare setting and improving their long-
term quality of life is of vast importance. SSI is one of the most devastating adverse events 
that can affect the patients’ quality of life after surgery. Quality of life is rarely taken into 
account when we assess surgical morbidity.174 The contributing factors include: increased 
requirement for home healthcare providers,174 physical role functioning,174, 175 emotional role 
functioning,174, 175 social functioning,175 bodily pain,175 mental health,175 vitality and general 
perception of health.175


A study by Whitehouse et al. displayed a significantly higher score (SF-36 patient based health 
outcome assessment) in patients’ physical functioning, social functioning, bodily pain and 
general health perceptions in the SSI group compared to the control group who did not 
develop an SSI.175 In another study, patients with SSI reported significant decline in physical 
and mental health and were 30 per cent more likely to require home healthcare providers.174  


Safer Healthcare Now! recommends daily patient assessments of quality of care. The 
patient’s perspective of good quality care during their stay in the hospital includes 
independent patient focused care related to their needs and sufficient commitment, care and 
concern from the staff.176 


Recommendations for Patients 
• Nutrition is important for wound healing. If you have lost weight before your surgery,


make sure you inform your doctor and ask to be referred to a dietitian. If your
appetite does not return to normal, or if you are losing weight after your surgery,
contact your physician and ask to see a dietitian.


• Always consult with your physician about past medical and medication history


• Glucose control 48 hours before and after surgery / Diabetic and obese patients should
always monitor and control the blood sugar levels


• No smoking for at least a month before surgery


• Do not shave near the surgical site


• Notify your physician if any skin infection, rash or sores are detected prior to surgery


• Ensure that care providers, family and friends are practicing appropriate hand hygiene
(care providers should wash their hands before and after touching you or your
environment)


• Ask if antibiotics are being administered prior to surgery


• Ensure staff provide clear instructions regarding the care of your surgical site incision
and dressing before you are discharged
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• Make sure you have been given contact information of an appropriate healthcare
provider for any questions or problems while at home


• Inform the physician immediately, if any symptoms of infection, such as fever,
redness, or pain at the surgical site are noted


Nutrition 
The components of care described in this GSK cannot be taken out of the continuum of care 
and the effectiveness of the efforts deployed to implement these measures could be reduced 
if basic perioperative care is not provided. 


Recovery from surgery is characterized by increased protein catabolism and turnover in 
tissues involved in the inflammatory response; wound healing is compromised and post-
operative complications, including SSI, are significantly increased in patients with moderate 
and severe malnutrition.171, 234, 235 The prevalence of this condition is high: a large Canadian 
study confirms that 45 per cent of patients are already suffering from moderate or severe 
malnutrition on the day of their admission to medical and surgical wards.239 However, 
malnutrition is widely unrecognized; only 1.2 per cent of malnourished patients are identified 
by the surgical teams).240


Screening for malnutrition 
Due to the failure of clinicians to identify malnourished patients and the negative impact of 
malnutrition, mandatory screening is the norm in the USA241 and in Europe.242 All patients 
should be screened for malnutrition either prior to, or within 24 hours of admission171, 235, 243 
with a validated screening tool such as the Canadian Nutrition Screening Tool244 (CNST) which 
was validated for use by personnel both trained and not trained in nutrition. To date, this 
tool is superior to previously published tools for trained and untrained personnel.245 This 
simple two questions tool is available for download at www.nutritioncareincanada/resources/ 
and can easily be incorporated in admission and pre-admission questionnaires. The goal is to 
intervene in a timely and adequate fashion in order to restore the nutritional status of 
surgical patients and to avoid adverse events such as SSI. 


Preoperative nutrition 232, 237, 246-252


• Routine use of preoperative artificial nutrition is not warranted, but significantly
malnourished patients should be optimized with oral supplements or enteral nutrition
before surgery. A recent study253 confirmed that the lack of enteral nutrition pre-
operatively negatively impacts the Gut-associated lymphoid tissue (GALT) and
confirmed a close association between these changes and infectious complication
morbidity.


• Preoperative parenteral nutrition is indicated in severely undernourished patients
who cannot be adequately orally or enterally fed
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• Combinations of enteral and parenteral nutrition should be considered in patients
where there is an indication for nutritional support and >60 per cent of energy needs
cannot be met via the enteral route, or in patients in whom partly obstructing benign
or malignant gastro-intestinal lesions do not allow enteral re-feeding. In completely
obstructing lesions, surgery should not be postponed because of the risk of aspiration
or severe bowel distension leading to peritonitis


• Preoperative fasting should be limited to two hours for clear fluids and six hours for
solids. Prolonged fasting does not prevent aspiration and reduces nutritional intake.


• Carbohydrate loading246 in the hours preceding surgery has been shown to decrease
thirst, insulin resistance and to help maintain lean body mass and muscle strength
after surgery. Preoperative carbohydrate loading using the oral route is recommended
in most patients. When patients cannot eat or are not allowed to drink preoperatively,
the intravenous route can be used. The effect of carbohydrate loading in diabetic
patients is reported to be safe.


Pre-operative immunonutrition 
The inflammatory response to surgical stress impairs the immune system. This impairment 
may be due to depletion of essential nutrients playing a key role in immune function. Post-
operative complications may arise including wound infections. Nutrients that have been 
identified to modulate the immune system include Omega-3 essential fatty acids (EPA, DHA), 
arginine, glutamine, nucleotides and antioxidants like selenium.254, 255, 256 Omega-3 fatty acids 
attenuate the production of inflammatory prostaglandins and prostacyclins, and also reduce 
toxicity of inflammatory cells by replacing Omega-6 fatty acids in cell membranes.254, 255 
Arginine deficiency occurs as a result of surgical injury. Because arginine is a precursor to 
nitric oxide, it is an immune-modulating nutrient. It is also a precursor of purine and 
polyamines which help tissue repair and wound healing.254


There is great heterogenicity in the studies examining the use of immunonutrition (IN) and 
the outcome of surgical patients. Aside from surgical sites, study differ on content of IN 
(single nutrient or multi-ingredient IN), control groups (IN vs standard diet, IN vs standard oral 
nutrition supplementation), peri-operative phase (pre-op, peri-op, or post-op only), 
population of subjects (critically ill, ward), and route of delivery (oral, enteral and 
parenteral).  


In the pre-operative population, a recent meta-analysis compared outcomes of IN vs. standard 
oral nutritional supplements (ONS) or a regular diet without supplements. IN showed no 
advantage compared to ONS in reducing wound infections, total infectious complications or 
non-infectious complications. Compared to standard diet, IN did not improve wound 
infections.254


A recent multi-center double-blinded randomized trial examined whether IN, given within 48 
hours of ICU admission, reduced the incidence of infections compared with standard high-
protein enteral nutrition in mechanically ventilated critically ill patients. There was no 
difference in post-op infectious complications between the two groups. Importantly, IN may 
have been harmful with slightly higher six-month mortality.256
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In a Cochrane review published looking at pre-operative nutrition support in patients 
undergoing major gastro-intestinal surgery, IN seemed to be beneficial compared to control 
on reducing infectious complications in well-nourished patients. Yet, several limitations to 
the studies warrant carful interpretation, as most studies excluded patients who were at high 
risk of post-operative complications. It is also unknown if these studies were carried out in 
hospitals implementing advances in surgical care such as ERAS.257


In view of recent data, routine use of IN in surgical patients cannot be recommended, even 
though the 2009 guidelines from the American Society for Parenteral and Enteral Nutrition 
and the Society of Critical Care Medicine recommend the use of IN for surgical patients.235


Early Post-Operative Feeding 
In traditional surgical care, it is common to start an oral diet in the post-operative phase once 
there is evidence of bowel activity. Such practice, amongst other elements of surgical and 
anesthesia care, was challenged by a group of European surgeons in order to improve 
outcome after major surgery under a multimodal perioperative care program, coined ERAS. 
The goal of the ERAS protocols, which include early post-operative feeding, is to remove 
obstacles that hinder the return to normal function (eating and drinking, bowel movements, 
ambulation and pain management) by modulating fluid balance, nausea, vomiting, gastric and 
intestinal motility, and decreasing metabolic stress and insulin resistance.258


Early post-operative feeding has been part of ERAS protocols for colorectal surgery,246 
cystectomy,251  pancreaticoduodenectomy,249  gastrectomy,250 rectal and pelvic surgeries252  
and gynecological surgeries.247


Early post-operative feeding if often considered as allowing the patient to drink fluids after 
recovery from anaesthesia and then resuming normal hospital food within the first 24 hours 
after surgery. By doing so, patients can consume up to 1200-1500 kcal/d. This has been shown 
to be safe,246 especially with concurrent aggressive antiemetic therapy.247 Early use of oral or 
enteral feeding vs NPO has been shown to reduce risks of infections and length of stay 
without increased risk of anastomotic leaks.246


Measures to minimize bowel disturbance, such as maintaining fluid balance, avoidance of 
opioid, use of epidural anaesthetics must be considered in order to maximize nutritional 
intake.259


In patients who require postoperative artificial nutrition, enteral feeding or a combination of 
enteral and supplementary parenteral feeding is the first choice. 


Postoperative parenteral nutrition237 is beneficial in undernourished patients in whom enteral 
nutrition is not feasible or not tolerated. Postoperative parenteral nutrition is beneficial in 
patients with postoperative complications impairing gastrointestinal function that are unable 
to receive and absorb adequate amounts of oral/enteral feeding for at least seven days. In 
patients with prolonged gastrointestinal failure parenteral nutrition is life-saving.  
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OR Environment and SSI 
There are numerous environmental factors in the operating room that can increase the risk of 
acquiring an SSI. These factors include, but are not limited to: the OR traffic pattern,177-184 
number of times the OR door opens,177-184 OR ventilation characteristics,177-179, 182-184 
environmental cleaning surfaces,177-183 and sterilization of the surgical equipment.177-179, 181-183 
A study by Young and O’Regan demonstrated a positive correlation between length of cases 
and frequency of door opening.183 The average number of door swings range from 37 to 56 per 
hour and this can potentially disrupt the airflow and increases the risk of acquiring air borne 
wound contamination. Furthermore, the number of staff in the OR has a direct effect on the 
increased rate of door openings and equipment contamination.185  


An appropriate air ventilation system may also play an important role in reducing infection 
rates. A study by Simsek Yavuz et al (2006) on surgical patients undergoing a sternotomy 
resulted in a 63 per cent reduction in SSI by equipping the operating rooms with laminar flow 
ventilation along with a disinfected environment and limited number of door openings.184 
However, there is also evidence that shows no significant reduction in SSI with the use of 
laminar flow ventilation.186 Finally, the American Institute of Architects (AIA) requires a 
relative humidity of 30 to 60 per cent for an OR environment. There is no hard evidence that 
a statistically significant reduction in SSI rates can be demonstrated if these humidity levels 
are maintained. However, it is recommended to maintain the relative humidity of < 60 per 
cent in an Operating Room and record it in a logbook for future references.187 


Recommendations to control infection in the OR environment based on the 
literature available: 


• Reduce the number of times the doors open177-183


• The number of OR staff should be limited177-183


• The doors should close properly177-183


• Practice appropriate hand hygiene177, 182


• Appropriate sterilization of the equipment177-183


• Use of laminar flow ventilation177-179, 184
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Post-Discharge SSI Surveillance 
Significant morbidity is associated with surgical site infection. The majority of surgical site 
infections are detected after patients are discharged from hospital and consequently, may 
not be captured by hospital SSI surveillance.188, 191 A recent study conducted by Bryce et al 
(2013) demonstrated that 86 per cent of patients with SSI were identified after the 30-day 
surveillance period, 93 per cent by three months, 97 per cent by six months, and 99 per cent 
by nine months.189 National Healthcare Safety Network (NHSN) (2014) recommends that an SSI 
surveillance period should be at least 30 days for all superficial incisional SSIs and many of the 
deep incisional and organ/space SSIs.229 The National Surgical Quality Improvement Project 
(NSQIP) also employs a 30 days surveillance period to document SSI outcomes.190 There are 
some surgical procedures like cardiac and hip/knee arthoplasties that require a 90 day post-
operative surveillance period. This list of surgical procedures can be found at: 
http://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf 


Higher SSI rates at 30-days post-operatively were also found by the Health Quality Council of 
Alberta (HQCA). HQCA developed a tool linking electronic medical databases to retrieve SSI 
information from multiple electronic health records (surgery hospital records, inpatient 
records, physician billings, outpatient and emergency department visits). Upon review of all 
Alberta billing data, HQCA found that between April 2002 and September 2007, the SSI rate 
estimates at 30 days ranged from 1.7 times higher (hip replacement and cardiac valve 
procedures) to 5.2 times higher (C-sections) than those rates calculated based on hospital 
admission and readmission data.  


Improvement for SSI Prevention Compliance 
SSIs can significantly increase costs, morbidity and mortality among surgical patients. 
However, many of these infections can be prevented with increased adherence to the 
previously identified prevention strategies.194 In a study by Hedrick et al., there was a 
decrease in the SSI rate in colorectal surgery patients from 25.6 per cent to 15.9 per cent due 
to a significant increase in compliance of the prevention guidelines.195 In another study, 
increased compliance with the published guidelines resulted in almost a 40 per cent decrease 
in SSI rates,  from 38 per cent to 92 per cent.196  Unfortunately, lack of adherence with these 
strategies has been reported throughout Canada. A study based in the University of Toronto 
teaching hospitals stated that 75 to 90 per cent of respondents believed that following the 
published infection prevention guidelines was important; however, less than 50 per cent 
reported that these strategies were practiced consistently at their organizations.197  


For instance, basic strategies to engage staff and increase compliance with process measures 
are proposed: 


• Education sessions for the pre-admission and  the surgical staff, physicians, patients
and family members
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• Create frontline ownership. Challenge frontline multidisciplinary teams (entire surgical
staff and OR team) to identify areas of focus and local solutions to implement


• Inclusion of the entire surgical staff and OR team in the development of protocols,
goals and incentives


• Campaign (posters, screensavers, videos, SSI month etc.) around focused prevention
strategies to increase awareness


• Implement policies to standardize strategies


• Submit quarterly reports of compliance rates for each individual major process to
management and frontline staff


• Quarterly SSI audit and feedback to management and frontline staff


• Develop a Frequently Asked Question brochure and make it  available to everyone


• Form improvement teams that use one or more methodologies (improvement model,
positive deviance, comprehensive unit-based safety program, or LEAN)


• Create pre-order sets and checklists


• Culture, teamwork and communication are very closely connected to teams effectively
providing care for patients.  Understanding your culture can be assessed through:
surveys, observations or incident reporting systems198 (including near misses)


National Context 
Accreditation Canada plays a key role in urging healthcare organizations to follow evidence 
based practice. We have outlined below a summary of how Accreditation Canada is consistent 
with Safer Healthcare Now! definitions. Also, across the country, provincial ministries are 
playing larger roles in patient safety with setting mandatory requirements for their 
healthcare organizations. The Ontario Ministry of Health and Long Term Care has instituted 
mandatory reporting around clinical outcomes such as SSI. Other provinces in the country are 
following suit. 


Accreditation Canada 
Accreditation Canada has performance measures in place for surgical site infections (2008). 
These measures focus on the rate of post-surgical infections and the rate of timely 
administration of prophylactic antibiotics. The protocol attached to these measures allows an 
organization to select a surgical procedure that has the highest risk, highest surgical volume, 
or both. 


Accreditation Canada recommends the following selected procedures to be included: 
• cardiac surgery
• colorectal surgery
• hysterectomy
• C-section


• total joint arthroplasty
• craniotomy
• CSF shunts
• spinal surgery
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Accreditation Canada recommends that the indicators of post-op infection rates and timing of 
prophylaxis be applied to the same surgical procedure, but it is not a necessity.   


The practice of collecting both post-operative surgical infection and timing of prophylaxis is 
synonymous with the Safer Healthcare Now! data collection measures. Accreditation Canada 
specifies for each organization to establish their own post-operative surveillance time period. 
Safer Healthcare Now! recommends a 30-day post-operative time period. 


Ontario - Ministry of Health and Long Term Care 
The Ministry of Health and Long Term Care of Ontario (MOHLTC) has instituted mandatory 
reporting of patient safety indicators, some of which are aligned with Safer Healthcare Now! 
measures. 


The MOHLTC indictor refers to timely prophylactic antibiotic use to help prevent surgical site 
infections in hip and knee joint replacement surgeries. SSI data is to be reported for all 
primary total, partial and hemi hip and knee joint replacements (not joint revisions) by all 
hospitals performing these surgeries. Time for antibiotic administration will be measured 
from the antibiotic infusion start time to the skin incision start time. The goal is to have the 
antibiotic completely infused within 60 minutes of the skin incision for antibiotics (such as 
clindamycin or cefazolin). When vancomycin is used, the start time is extended to 0 to 120 
minutes prior to skin incision. 


The MOHLTC indicator for SSI (antibiotic timing) and the Safer Healthcare Now! measure for 
antibiotic timing are identical. Safer Healthcare Now! does not limit the population for this 
measure to hips and knees, but recommends reporting data separately for each population for 
which data are being submitted. 


Measurement 
Safer Healthcare Now! recommends that baseline data be obtained before you begin 
implementing changes, to give your team and organization a picture of where you are starting 
from. If you are unable to obtain baseline data, your team may decide to conduct a 
retrospective chart review, or use other sources, to establish baseline data. We recommend 
you collect baseline data for those select surgical procedures you have chosen to work on. We 
suggest that you take a “snapshot” of three months or more, or whatever is feasible for your 
organization. Please refer to the sampling suggestion in each of the Technical Descriptions 
(Appendix C). However, you may find that you are unable to find the information you need in 
the patient records or through other sources. In this case you could engage in real time 
(concurrent) sampling to establish a baseline.  


Appendix C contains further details on the technical descriptions of these measures, 
including definitions of terms, numerators, denominators, exclusions, and collection/sampling 
strategies.  


Appendix C also contains a worksheet for each measure. The worksheets provide step-by-step 
tables for calculating the numerator, denominator, and final calculation for each measure. 
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The worksheets are tools to help measure the progress over time and are to be used following 
the baseline stage (before you have started to implement the bundles), early implementation 
and full implementation stages. It may be appropriate to collect some or all measures 
retrospectively, through chart review, but ideally your data will be collected concurrently. 


Collection Strategy 
Depending on your facility, the process measures (e.g. timely prophylactic antibiotic 
administration) usually requires new data collection. For some of the process measures it is 
possible to use data from the Discharge Abstract Database to identify the total number of 
selected surgical procedures (assuming that these are specified) and to exclude burns and 
transplant patients. Conceptually, it would be possible to report the percentage of these with 
post-op wound infections, presuming that recent coding education sessions have ensured 
appropriate coding of SSI.  


Some of the outcome measures can be derived from CIHI data. Please explore this possibility 
in your organization, as it would reduce data collection time.  


Given the complexity of reducing the incidence of surgical site infections, Safer Healthcare 
Now! offers the following tips and suggestions: 


• If a region or organization has the resources, SSI rates should be risk adjusted
(implying that risk variables be measured on all cases of a procedure whether
infection occurs or not). However, we recognize that this is not possible for all
organizations.


• Safer Healthcare Now! considers SSI rates collected for clean and clean-contaminated
(NHSN wound class one and two) a form of risk adjustment. Safer Healthcare Now! is
not mandating risk adjustment using ASA scores, length of surgery or co-morbidities
(or other elements of further risk adjustment). Risk adjustment practices vary across
organizations; and as a result make comparison of SSI rates between organizations
inaccurate. Safer Healthcare Now! does accept all levels of risk adjusted data; but will
not use it for comparative purposes. The key to measuring improvement with SSI rates
is to measure rates consistently over time and use your own data for internal
benchmarking purposes.


• SSI rates need to be monitored on a long-term basis to demonstrate trends. A normal
variation may be noted in SSI rates even though prophylaxis compliance increases
consistently.


• You will likely not see a reduction in SSI rates over a short period of time; we
encourage teams to focus their change and interventions to improve the process
measures of this SSI bundle.


• How consistently best practices are applied for each surgical case will directly
influence SSI rates. For example: if proper hair removal occurs 10 per cent of the time
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vs. 90 per cent of the time; over time this should affect your SSI rate. The application 
of the entire bundle 90 per cent of the time is more likely to reduce SSI rates. 


• There are other variables, beyond the care components presented, which may affect
SSI rates, such as: OR staff scrubbing technique, OR doors opening/closing, air quality,
nutrition, perioperative hyperoxia, and surgical technique.


• The Institute of Healthcare Improvement (IHI) recent experience with their SSI
collaborative has shown that measuring the number of cases between infections (vs.
percentiles) has proven easier (with the goal to double the number of cases between
an infection).


• Work closely with your infection control staff on this outcome measure of reducing
SSIs to capitalize on their expertise and data sources.


Surveillance for SSI rates – 30 days 
For the purpose of Safer Healthcare Now! measurement, we recommend tracking infections in 
patients up to 30 days post-operatively. The challenge of determining a surgical site infection 
is great. Most infections become apparent after discharge from hospital and most people with 
infections are not readmitted to the hospital where the surgery took place. The sensitivity of 
reporting from physicians and patients is low. Unless you have resources devoted to the 
follow up of each patient, infection rates, as determined by standard surveillance, will 
invariably be an underestimation of the actual rate. If you have no current processes in place 
for identifying infections for the 30 day surveillance period, Safer Healthcare Now! 
recommends you continue with the surveillance your facility regularly follows on a consistent 
basis. 


Strategies that an organization may pursue if there are limited resources for surveillance are: 


• Performing one–month follow up with the GP’s and surgeons of discharged patients.


• Follow those patients who return to the hospital where the initial surgery was
performed


• Track “in-hospital” infections only


• Add to discharge summary: “please contact my office (surgeon’s) if the patient
presents with an infection” (this may capture the superficial infections that present in
the GP offices)


• Conducting 30 day follow up surveys/telephone contact for probable infections (not
ideal – resource consuming and subjective in nature)


• There may be other databases that collect surgical site infection information that can
be used as a proxy measure. This was done by the Health Quality Council of Alberta
where they looked at physician billing data from multiple sources.


Run Charts 
Improvement takes place over time. To determine if improvement has really been achieved 
and whether it is lasting requires observing patterns over time. Run charts are graphs of data 
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over time and are one of the single most important tools in performance improvement 
(sample charts attached to Technical Description 1.0 in Appendix C). 


Using run charts has a variety of benefits: 


• They help improvement teams formulate aims by depicting how well (or how poorly) a
process is performing.


• They help in determining when changes are truly improvements by displaying a pattern
of data that you can observe as you make changes.


• As you work on improvement, they provide information about the value of particular
changes.


On-time Prophylactic Antibiotic Administration


First Test of Change 


Teams may elect to work on any or all of the four care components: antimicrobial coverage, 
hair removal, perioperative glucose control, and perioperative normothermia. A first test of 
change should involve a very small sample size (typically one patient) and should be described 
ahead of time in a Plan-Do-Study-Act format so that the team can easily predict what they 
think will happen, observe the results, learn from them, and continue to the next test.  
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Example: Appropriate hair removal.  The team decides to test removing razors from one 
operating room for one surgical procedure. They identify a surgeon who supports not using 
razors, and lets the surgeon know that the razors will be removed. On their PDSA form, they 
predict the surgeon will cope well without razors in the room. They then conduct the test. 
They note that the surgeon becomes frustrated because s/he wishes to use clippers to remove 
hair and there are no working clippers available. The team’s study of the data indicates that 
they should repeat this test, after first making sure there is a set of operable clippers 
available.  


Ideally, teams will conduct multiple small tests of change simultaneously across all four 
components of care. This simultaneous testing usually begins after the first few tests are 
completed and the team feels comfortable and confident in the process. 


Implementation and Spread 
For surgical site infection, teams will usually choose to begin their improvement process by 
working with a “pilot” population. This pilot population may be the hip- and knee-
replacement patients, for example, or cardiac patients, or gynecologic patients, etc. It is 
possible to include all surgical patients in the pilot population, if that number is small (fewer 
than 20 cases per month). We recommend including at least 20 cases per month in the pilot 
population in order to increase the ability to measure and detect improvement. 


In order to maximize the potential to reduce overall patient mortality related to surgical site 
infections, hospitals must share improvement strategies that start in a pilot population to all 
surgical populations. Organizations that successfully share improvements use an organized, 
structured method in planning and implementing spread across populations, units, or 
facilities. You can find information about planning, tracking, and optimizing spread at 
www.ihi.org. 


Overcoming Barriers 
Teams working on preventing surgical site infection have learned a great deal about barriers 
to improvement and how to address them. Some common challenges and solutions are: 


• Lack of support by leadership
Solution: Use opinion leaders (physicians) and data. If possible, a business case for the
project may help to win leadership support.


• Uneven physician acceptance of new practices
Solution: Use physician opinion leaders, review the medical literature, and feedback
data on a surgeon-specific level. Remember that physicians may fall anywhere on the
“Adoption of Innovations” curve. Work first with your early adopters and use their
stories to convince the majority.


The Adoption of Innovations curve is a model that classifies adopters
of innovations based on their level of readiness to accept new ideas. Innovative
adoption characteristics are assigned to groups to show that all innovations go through
a predictable process before becoming widely adopted. The groups consist of early
adopters, early majority, late majority and laggards.230
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Appendix A: Summary of Safer Healthcare Now! 
Recommendations 


SSI Prevention Bundle Items Safer Healthcare Now! Faculty Recommendation 


Surgical Prophylactic 
Antibiotics including 
Caesarean-Section  


Based on the evidence, the Safer Healthcare Now! SSI 
Faculty recommend that prophylactic antibiotic 
administration be started and completed within 60 
minutes of first incision for caesarean sections. 


Prophylactic Antibiotics 
with Tourniquet Use 


Based on the evidence, the Safer Healthcare Now! SSI 
Faculty recommend that a prophylactic antibiotic infusion 
be started and completed within 60 minutes for most 
antibiotics or infused over 120 minutes for vancomycin 
and fluoroquinolones prior to application of tourniquet to 
maximize antibiotic efficacy. 


Prophylactic Antibiotic  
Re-dosing and Duration 


Based on the evidence, the Safer Healthcare Now! Faculty 
recommend that administration of prophylactic antibiotics 
be repeated for surgeries lasting longer than two half-lives 
of the antibiotic (e.g. four hours for cefazolin), or with 
blood loss greater than 1.5L. Antibiotics administered for 
cardiac, thoracic, orthopaedic and vascular patients 
should be discontinued within 24 hours of the end of 
surgery, whereas non-complex and uncomplicated 
surgeries require no further administration of antibiotics 
following surgery. 


Surgical Antiseptic Skin 
Preparation 


Based on the evidence, the Safer Healthcare Now! SSI 
Faculty recommends that the skin should be cleansed 
(shower or partial body wash) before surgery with either 
soap or an antiseptic agent at least the night before the 
operative day. 


The antiseptic of choice for surgical skin preparation 
should be alcohol-based chlorhexidine antiseptic solutions 
instead of povidone-iodine, unless contraindicated. 
Following application of chlorhexidine-alcohol skin 
preparation solution, surgical teams should complete the 
briefing element of the surgical checklist to allow several 
minutes for the skin antiseptic to dry prior to first 
incision. To maximize efficacy, CHG-alcohol skin 
antiseptic that will be covered by the surgical dressing 
should not be washed off at the end of surgical procedure.  
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SSI Prevention Bundle Items Safer Healthcare Now! Faculty Recommendation 


In order to reduce the risk of fire, It is imperative that any 
alcohol-based skin antiseptic be allowed to air dry for at least 
three minutes or longer if there is excessive hair insitu. Non-
alcoholic solutions should be used as a skin preparation in 
emergent cases when there is not enough time to allow 
alcohol solution to completely dry before incision. 
Chlorhexidine-alcohol solutions must not be used for 
procedures involving the ear, eye, mouth, mucous 
membranes, neural tissue, non-intact skin or open wounds. 


Hair Removal Based on the evidence, the Safer Healthcare Now! SSI 
Faculty recommends that patients be educated not to 
shave in the vicinity of the incision for one week pre-
operatively. Optimally, no hair should be removed prior to 
surgery. If hair removal is necessary, clippers should be 
used preferably outside of the OR and within two hours of 
surgery. Do not use razors in the vicinity of the surgical 
site. Patients should shower after clipping due to the 
increased risk of bacterial contamination of the surgical 
site from hair. 


Perioperative Glucose 
Control 


Based on the evidence, The Safer Healthcare Now! SSI 
Faculty recommends that perioperative blood glucose 
levels be checked on all surgical patients who are diabetic 
or have risk factors for diabetes. Teams are encouraged to 
apply glucose control (<10-11 mmol/L) to surgical 
populations as directed by your local organization. Strict 
blood glucose levels (<6.1 mmol/L) should be avoided.  


Perioperative 
Normothermia 


Based on the evidence, the Safer Healthcare Now! SSI 
Faculty recommend that measures be taken to ensure that 
the core temperature of surgical patients remains 
between 36.0⁰C and 38.0⁰C pre-operatively, intra-
operatively, and while in PACU. Pre-warming and intra-
operative warming are indicated for all surgeries 
scheduled to last 30 minutes or more. Fluid warmers 
should be used if the surgical procedure is planned to last 
more than one hour. The ambient room temperature in 
the OR should be between 20-23°C. 
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Appendix B: Plan-Do-Study-Act Cycle 
Using the Model for Improvement to Accelerate Change 
The Model for Improvement, developed by Associates in Process Improvement, is a simple 
yet effective tool not meant to replace change models that organizations may already be 
using, but rather to accelerate improvement. This model has been used very successfully by 
hundreds of healthcare organizations in many countries to improve many different healthcare 
processes and outcomes. 


The Improvement Model has two parts: 


• Three fundamental questions, which can be addressed in any order.


1. What are we trying to accomplish?


2. How will we know that a change is an improvement?


3. What changes can we make that will result in improvement?


• The Plan-Do-Act-Study (PDSA) cycle to test and implement changes in real work settings.
The PDSA cycle guides the test of a change to determine if the change is an improvement.


Set Aims 
Improvement requires setting aims. The aim should 
be time specific and measurable; it should also 
define the specific population of patients that will 
be affected. 


Establish Measures 
Teams use quantitative measures to determine if a 
specific change actually leads to an improvement. 


Select Changes 
All improvement requires making changes, but not 
all changes result in improvement. Organizations 
therefore must identify the changes that are most 
likely to result in improvement. 


Test Changes 
The Plan-Do-Study-Act (PDSA) cycle is shorthand for 
testing a change in the real work setting — by 
planning it, trying it, observing the results, and 
acting on what is learned. This is the scientific 
method used for action-oriented learning. 


Langley, G., Moen, R., Nolan, K., Nolan, 
T., Norman, C. & Provost, L. (2009). The 
Improvement Guide. A Practical Approach 
to Enhancing Organizational Performance. 
2nd Edition. San Francisco: John Wiley & 
Sons, Inc. This material is reproduced with 
permission of John Wiley & Sons, Inc. 
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Steps in the PDSA Cycle 
Step 1: Plan 
Plan the test or observation, including a plan for collecting data. 


 State the objective of the test.
 Make predictions about what will happen and why.
 Develop a plan to test the change (Who? What? When? Where? What data need to be


collected?).


Step 2: Do 
Try out the test on a small scale. 


 Carry out the test.
 Document problems and unexpected observations.
 Begin analysis of the data.


Step 3: Study 
Set aside time to analyze the data and study the results. 


 Complete the analysis of the data.
 Compare the data to your predictions.
 Summarize and reflect on what was learned.


Step 4: Act 
Refine the change, based on what was learned from the test. 


 Determine what modifications should be made.
 Prepare a plan for the next test.


Teams may elect to work on any or all of the four care components: antimicrobial coverage, 
hair removal, perioperative glucose control, and perioperative normothermia. A first test of 
change should involve a very small sample size (typically one patient) and should be described 
ahead of time in a Plan-Do-Study-Act format so that the team can easily predict what they 
think will happen, observe the results, learn from them, and continue to the next test.  


Example: Appropriate hair removal 


The team decides to test removing razors from one operating room for one surgery. They 
identify a surgeon who supports the avoidance of razors, and let the surgeon know that the 
razors will be removed. On their PDSA form, they predict that the surgeon will cope well 
without razors in the room. They then conduct the test. They note that the surgeon wants to 
use clippers to remove hair and becomes frustrated because there are no working clippers in 
the room. The team’s study of the data indicates that they should repeat this test, after first 
making sure there is a set of operable clippers available in the operating room. 


Ideally, teams will conduct multiple small tests of change simultaneously across all four 
components of care. This simultaneous testing usually begins after the first few tests are 
completed and the team feels comfortable and confident in the process. 
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A. Set Aims (Goals and Objectives) 
Improvement requires setting aims. An organization will not 
improve without a clear and firm intention to do so. The aim 
should be time specific and measurable; it should also define 
the specific population of patients that will be affected. 
Agreeing on the aim is crucial; so is allocating the people and 
resources necessary to accomplish the aim. 


Setting an aim can assist teams to focus on what they are 
hoping to achieve when implementing SSI prevention 
strategies.  


The following examples are aims at the organizational level: 


1. Improve compliance with prophylactic antibioitic timing
for surgical patients to 100 per cent by June 2015.


2. Improve implementation of all four surgical site infection prevention bundle items in the
department of X surgery from 50 per cent to 90 per cent by December 2015.


As teams work on different ideas, the aims should be specific to what it is they are hoping to 
achieve at that point. 


B. Establish Measures 
Measurement is a critical part of testing and implementing changes; measures tell a team 
whether the changes they are making actually lead to improvement. Measurement for 
improvement should not be confused with measurement for research. This difference is 
outlined in the chart below: 


Measurement for Research Measurement for Learning and 
Process Improvement 


Objective To discover new knowledge To bring new knowledge into daily 
practice 


Tests One large “blind” test Many sequential, observable tests 


Biases 
Control for as many biases as 
possible Stabilize the biases from test to test 


Data 
Gather as much data as 
possible, “just in case” 


Gather “just enough” data to learn and 
complete another cycle 


Duration 
Can take long periods of time to 
obtain results 


“Small tests of significant changes” 
accelerates the rate of improvement 
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Three Types of Measures 


Use a balanced set of measures for all improvement efforts: 


1. Outcome Measures
How is the system performing? What is the result?


2. Process Measures
Are the parts/steps in the system performing as planned?


3. Balancing Measures
Are changes designed to improve one part of the system causing new problems in other
parts of the system? This measure often addresses staff satisfaction and workload issues.


Measuring for improvement starts with collecting baseline data to determine the seriousness 
of the problem to help motivate stakeholders. Then, collect data regularly to track the 
effectiveness of change over time. 


C. Select Changes 
While all changes do not lead to improvement, all 
improvement requires change. The ability to develop, 
test, and implement changes is essential for any 
individual, group, or organization that wants to 
continuously improve. There are many kinds of changes 
that will lead to improvement, but these specific changes 
are developed from a limited number of change concepts. 


A change concept is a general notion or approach to change 
that has been found to be useful in developing specific ideas 
for changes that lead to improvement. Creatively combining 
these change concepts with knowledge about specific 
subjects can help generate ideas for tests of change. After 
generating ideas, run Plan-Do-Study-Act (PDSA) cycles to test 
a change or group of changes on a small scale to see if they 
result in improvement. If they do, expand the tests and 
gradually incorporate larger and larger samples until you are 
confident that the changes should be adopted more widely. 


D. Test Changes 
Once a team has set an aim, established its membership, and developed measures to 
determine whether a change leads to an improvement, the next step is to test a change in 
the real work setting. The Plan-Do-Study-Act (PDSA) cycle is shorthand for testing a change — 
by planning it, trying it, observing the results, and acting on what is learned. This is the 
scientific method used for action-oriented learning. 
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Reasons to Test Changes 


• To increase your belief that the change will result in improvement.


• To decide which of several proposed changes will lead to the desired improvement.


• To evaluate how much improvement can be expected from the change.


• To decide whether the proposed change will work in the actual environment of interest.


• To decide which combinations of changes will have the desired effects on the important
measures of quality.


• To evaluate costs, social impact, and side effects from a proposed change.


• To minimize resistance upon implementation.


Implement Changes 
After testing a change on a small scale, learning from each test, and refining the change 
through several PDSA cycles, the team can implement the change on a broader scale — for 
example, for a pilot population or on an entire unit. This pilot population may be the hip- and 
knee-replacement patients, for example, or cardiac operations, or gynaecologic procedures, 
etc. It is possible to include the universe of surgical patients in the pilot population, if that 
number is small (fewer than 20 cases per month). We recommend including at least 20 cases 
per month in the pilot population in order to increase the ability to measure and detect 
improvement. 


Spread changes 
Spread is the process of taking a successful implementation process from a pilot unit or pilot 
population and replicating that change or package of changes in other parts of the 
organization or other organizations. During implementation, teams learn valuable lessons 
necessary for successful spread, including key infrastructure issues, optimal sequencing of 
tasks, and working with people to help them adopt and adapt a change. 


Spread efforts will benefit from the use of the PDSA cycle. Units adopting the change need to 
plan how best to adapt the change to their unit and to determine if the change resulted in 
the predicted improvement. 


As experience develops and measurement of the success of your SSI strategies process reflects 
sustained improvement the process can be implemented for more patients in more areas. 
Evaluate at each new step before adding more units to the process. Retest the pilot process 
on new units in order to identify any revisions that may be needed. The roll-out across an 
organization requires careful planning to move through each of the major implementation 
phases. 


A key factor for closing the gap between best practice and common practice is the ability of 
healthcare providers and their organizations. The IHI’s ‘A Framework of Spread: From Local 
Improvements to System-Wide Change’ will assist teams to develop, test and implement a 
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system for accelerating improvement by spreading change ideas within and between 
organizations. This paper will assist teams to “prepare for a spread; establish an aim for 
spread; and develop, execute, and refine a spread plan.” Some issues to address in planning 
for spread include training and new skill development, supporting people in new behaviours 
that reinforce the new practices, problem solving, current culture regarding change, degree 
of buy-in by staff, and assignment of responsibility. 


Further information on sustaining and spreading improvements can be accessed by using the 
following link:  
www.ihi.org/IHI/Results/WhitePapers/AFrameworkforSpreadWhitePaper.htm 
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Appendix C: Technical Descriptions and Data 
Screens 
Data Collection Form and Flow Chart 
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To submit the Data Collection Form to the Central Measurement Team, follow the steps in the flow 
diagram below, or contact metrics@saferhealthcarenow.ca for more information. 
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Technical Description of the Measurement Worksheets 


 


Implementation Stages – Definitions apply to all interventions and measures 


Baseline Stage (Pre-intervention) - Data collected for Baseline should be collected prior to 
implementing small tests of change and reflect the current process. 


Early (Partial) Implementation Stage - The team has set a clear aim(s) for the SSI 
intervention, identified which measures will indicate if the changes will lead to improvement, 
and started to implement small tests of change (PDSA) to identify and refine processes, 
procedures and practices which will lead to improvement and achieving the aim. When the 
team is close to goal they are ready to move to Full Implementation. 


Full Implementation Stage (At Goal) - The processes, procedures and practices are finalized 
and have led to significant improvement. These practices on the selected unit are being 
consistently applied and monitored, showing a sustained performance at or close to goal. The 
team has achieved their aim(s) and is ready to spread to other areas. 


 


The measurement methodology and recommendations regarding sampling size referenced in 
this GSK, is based on The Model for Improvement and is designed to accelerate the pace of 
improvement using the PDSA cycle;  a "trial and learn" approach to improvement  based on 
the scientific method.2 


It is not intended to provide the same rigor that might be applied in a research study, but 
rather offers an efficient way to help a team understand how a system is performing. When 
choosing a sample size for your intervention, it is important to consider the purposes and uses 
of the data and to acknowledge when reporting that the findings are based on an “x” sample 
as determined by the team. 


The scope or scale3 (amount of sampling, testing, or time required) of a test should be 
decided according to:  


1. The team’s degree of belief that the change will result in improvement  


2. The risks from a failed test  


3. Readiness of those who will have to make the change 


Please refer to the Improvement Frameworks GSK (2015) for additional information. 
  


 
2  Langley, G., Nolan, K., Nolan, T., Norman, C., Provost, L. The Improvement Guide: A Practical Approach to 


Enhancing Organizational Performance. San Francisco, Second Edition, CA. Jossey-Bass Publishers. 2009 


3  Provost, Lloyd P; Murray, Sandra (2011-08-26). The Health Care Data Guide: Learning from Data for Improvement 
(Kindle Locations 1906-1909). Wiley. Kindle Edition 
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Safer Healthcare Now! Prevent Surgical Site Infections Getting Started Kit 


1.0  Per cent of Clean and Clean-Contaminated Patients with Timely 
Prophylactic Antibiotic Administration: Sample Measurement 
Worksheet 
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1.0 Per cent of Clean and Clean-Contaminated Surgical Patients with Timely 
Prophylactic Antibiotic Administration - Technical Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: Effective September 2014 this measure has been revised 
The percentage of clean and clean-contaminated patients receiving timely prophylactic 
antibiotic administration delivered within 60 minutes prior to the surgical incision and 
ideally completely infused before tourniquet inflation during this reporting period. The 
prophylactic antibiotic infusion is to be started and completed within 60 minutes for 
most antibiotics or infused within 120 minutes for vancomycin and fluoroquinolones 
prior to skin incision or application of tourniquet. For C-sections, prophylactic 
antibiotics should be started and completed within 60 minutes prior to the first incision 
rather than after cord clamping. The auditor should measure the timing of the antibiotic 
administration from antibiotic start time to surgical (incision) start time. If either time 
is missing, count as NOT obtaining prophylactic antibiotics on time. 


Standard Goal: 95% or higher 


Note: Sustain the percentage of surgical patients with timely prophylactic antibiotic 
administration at 95% or higher 


CALCULATION DETAILS: 


Numerator Definition: Number of selected surgical patients whose prophylactic antibiotics 
were started and completed within 60 minutes prior to the first surgical incision 


Note: Cases for which either vancomycin or a fluoroquinolone were used as prophylactic 
antimicrobial: These antibiotics need to be started and infused over 120 minutes (to avoid 
Red Man Syndrome). The infusion needs to be completed within 0 - 60 minutes before first 
surgical incision. Patients who receive these antibiotics up to 60 minutes before first 
incision will count in the numerator. 


Numerator Exclusions: 
• Same exclusions as for denominator
• No prophylactic antibiotics given
• Infusion of prophylactic antibiotics completed after the first incision or tourniquet


inflation


Denominator Definition: Number of selected surgical patients for this reporting period 
sample, after exclusions 


Denominator Exclusions:  
• Patients less than 18 years of age
• Patients with an existing infectious process at the same site as the planned surgical


procedure or surgeries that are classified under wound class three (Contaminated) or
four (Dirty/Infected)  (National Healthcare Safety Network (NHSN), see Appendix D)
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Data Collection (Audit) Form 
The data collection form (DCF) is a paper-based tool formatted using optical mark recognition 
technology. The auditor may collect data specific to each of the Surgical Site Infection 
measures for one or more patients and fax the data form directly to the Patient Safety 
Metrics System. The form is read by the system and data are uploaded into specific individual 
measures. Results, tabular and run charts, may be accessed within 30 minutes of faxing the 
form.  


DCF Response Options – SSI 1 (*numerator) 
• *within 60 minutes before incision 
• *within 120 minutes before incision for Vancomycin or Fluoroquinolones 
• None of the above
• No antibiotics given


Measurement Period: Monthly 


Calculate as: (numerator / denominator); as a percentage 


Example of the Calculation: 


No. of Hip Arthroplasty pts. with 
antibiotic infusion started and 


completed within 60 minutes of incision 


----------------------------------------- 


Total no. of Clean and Clean-
contaminated Hip Arthroplasty pts. 


(in a particular time frame) 


X 100 = 


Per cent of Clean and Clean-
contaminated Hip Arthroplasty 


Patients with Timely 
Prophylactic Antibiotic 


Administration 


Comments: 


• Determining whether a patient has a pre-existing infectious process at the surgical site
or the wound class is generally easy to identify through review of the patient record.
Some institutions or regions collect wound classes electronically.


• If more than one inpatient surgical procedure occurred during the index
hospitalization, only the first surgical procedure should be considered for the purposes
of this measure.


• The auditor should measure the timing of the antibiotic administration from antibiotic
start time to surgical (incision) start time.


• For cases involving use of an inflatable cuff or tourniquet applied to the operative
site, the antibiotic should be fully infused prior to inflation of the cuff.


• If you are using a surgical checklist in your OR, consider adding “Antibiotic
Prophylaxis: fully infused?” to the Briefing section.
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• If you have two prophylactic antibiotics you count the infusion time of the last
prophylactic antibiotic administered.


Note: Patients for whom antibiotic start time or incision time is not recorded are counted as 
not obtaining prophylactic antibiotics on time (i.e., a zero in the numerator). 


**Please Note: The following information on collection strategy and sampling strategy and 
graphs pertains to all of the measurements contained within Appendix C. 


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 
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Sample Run Chart: 
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2.0 Per cent of Clean and Clean-Contaminated Patients with 
Appropriate Prophylactic Antibiotic Discontinuation: Sample 
Measurement Worksheet 
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2.0 Per cent of Clean and Clean-Contaminated Surgical Patients with Appropriate 
Prophylactic Antibiotic Discontinuation – Technical Description 


Intervention: Reducing Surgical Site Infection 


Definition: Effective September 2014 this measure has been revised  
The percentage of clean and clean-contaminated surgical patients whose prophylactic 
antibiotics were discontinued within 24 hours after surgery end time. Antibiotics 
administered for cardiac, thoracic, orthopedic and vascular patients should be 
discontinued within 24 hours of the end of surgery, whereas other surgeries require no 
further administration of prophylactic antibiotics following surgery. (See page 23: Single 
dose Antibiotic Prophylaxis)  


Standard Goal: 95% or higher 


Note: Sustain the percentage of surgical patients with appropriate prophylactic 
antibiotic discontinuation at 95% or higher 


CALCULATION DETAILS: 


Numerator Definition: Number of selected clean and clean-contaminated surgical patients 
whose prophylactic antibiotics were discontinued within 24 hours after surgery end time (e.g. 
for cefazolin up to three Q8h doses after surgery end time or for vancomycin, up to two Q12h 
doses after surgery end time).  


Note: Single dose prophylaxis is optimal for most non-complex and uncomplicated surgeries 
(see page 23). For surgical patients who require 24 hours of antibiotics (cardiac, thoracic, 
orthopedic and vascular), the scheduled doses should start after the surgery has finished (e.g. 
if administering cefazolin, the first should be administered eight hours from the surgical end 
time and the remaining two doses administered every eight hours after that). See definition 
of terms below for which surgeries are included for this measure. 


Numerator Exclusions: 
• Same exclusions as for denominator
• Prophylactic antibiotics discontinued more than 24 hours after the end of surgery


Denominator Definition: Total number of patients included in this sample after exclusions 


Denominator Exclusions: 
• Existing infectious process at the same site as the surgical procedure or surgeries that


are classified as wound class 3 or 4€ (Contaminated and Dirty Infected - NHSN –
Appendix D)


• Patients less than 18 years of age


€  Please see Appendix D for NHSN definitions 
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• Patients who were not given antibiotics at any time from arrival to hospital through
the first 24 hours post-operatively


• Patients who were diagnosed with and treated for infections within two days after
surgery date that cannot be linked to the surgical procedure or an infection may have
existed prior to surgery.


Compliance Bundle: The data collected for this indicator is available for the individual 
responses and presented as a Compliance Run Chart with the performance for each response 
category displayed separately.  The data are also available in tabular format. 


Bundle Elements include: 
• Prophylactic Antibiotics not received after end of surgery
• Prophylactic Antibiotics discontinued within 24 hours of end of surgery
• Prophylactic Antibiotics discontinued more than 24 hours after end of surgery
• Prophylactic antibiotics discontinued less than 24 hours (1440 minutes) after


surgery end time


Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted 
using optical mark recognition technology. The auditor may collect data specific to each of 
the Surgical Site Infection measures for one or more patients and fax the data form directly 
to the Patient Safety Metrics System. The form is read by the system and data are uploaded 
into specific individual measures. Results, tabular and run charts, may be accessed within 30 
minutes of faxing the form: 


DCF Response Options – SSI 2 (*numerator) 
• *ABX not received after end of surgery 
• *ABX discontinued within 24 hours of end of surgery 
• ABX discontinued more than 24 hours after end of surgery
• ABX discontinued less than 24 hours (1440 minutes) after surgery end time


Measurement Period: Monthly 


Definition of Terms: 
Prophylactic antibiotics: The use of antibiotics before, during, or after a diagnostic, 
therapeutic, or surgical procedure to prevent infectious complications infection (i.e., 
not those being given therapeutically for treatment of active infections).99 


Calculate as: (numerator / denominator); as a percentage 
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Example of the Calculation: 


No. of clean or clean-contaminated pts. 
with prophylactic antibiotics either not 
given or discontinued within 24 hours of 


the end of surgery 
----------------------------------------- 


Total no. of Clean and Clean-
contaminated surgical patients in this 


reporting period 


X 100 = Per cent of Clean and Clean-
contaminated Surgical 


patients with Appropriate  
Prophylactic Antibiotic 


Discontinuation 


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 
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Sample Run Chart: 
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3.0  Per cent of Clean and Clean Contaminated Surgery Patients with 
Surgical Infection: Sample Measurement Worksheet 
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3.0  Per cent of Clean and Clean Contaminated Surgery Patients with Surgical 
Infection – Technical Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: Effective September 2014 this measure has been revised  
Percentage of infection within 30 days post-operatively in clean and clean-contaminated 
surgical patients and 31-90 days post-operatively for patients undergoing surgery 
involving an implant (e.g. hip or knee arthroplasty) and cardiac surgery  


Standard Goal: Reduce baseline by 50% 


Note: Reduce the Per cent of Surgical Patients with Surgical Infection by 10% every 
year 


CALCULATION DETAILS: 


Numerator Definition: The total number of patients in the denominator who developed a 
post-operative wound infection/nosocomial infection within 30 days and 31-90 days of the 
surgical procedure  


Numerator Exclusions: Same exclusions as for denominator exclusions 


Denominator Definition: Number of clean and clean-contaminated surgery patients after 
exclusions in this reporting period 


Denominator Exclusions: 
• Patients who are less than 18 years of age
• Patients who had a principal or admission diagnosis suggestive of pre-operative


infectious diseases or surgeries that are classified as wound class 3 or 4 (see
Appendix D)


Data Collection (Audit) Form  


Given that this measure is collected a minimum of 30 to 90 days postoperatively it is not 
included as a question on the data collection form.  


Measurement Period: Monthly 


Definition of Terms: 
• Class 1 – Clean surgery patient: A patient having had a surgery in which the wound is 


clean, by the NHSN definition: “Uninfected operative wounds in which no 
inflammation is encountered and respiratory, alimentary, genital, or uninfected 
urinary tracts are not entered. In addition, clean wounds are primarily closed and, if 
necessary, drained with closed drainage. Operative incisional wounds that follow 
non-penetrating (blunt) trauma should be included in this category if they meet 
criteria.”
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• Class 2 - Clean / Contaminated Surgery patient: “An operative wound in which the
respiratory, alimentary, genital or urinary tracts are entered under controlled
conditions and without unusual contamination. Specifically, operations involving the
biliary tract, appendix, vagina, and oropharynx are included in this category,
provided no evidence of infection or major break in technique is encountered.”


• Post-operative wound infection: A nosocomial infection of the operative site, as
defined by National Healthcare Safety Network (NHSN) (see Appendix D).


Calculate as: (numerator / denominator); as a percentage 


Example of the Calculation: 


No. of clean or clean-contaminated pts. 
with prophylactic antibiotics either not 
given or discontinued within 24 hours of 


the end of surgery 
----------------------------------------- 


Total no. of Clean and Clean-
contaminated surgical patients in this 


reporting period 


X 100 = 


Per cent of Clean and Clean-
contaminated Surgical 


patients with Appropriate  
Prophylactic Antibiotic 


Discontinuation 


Comments : 


Safer Healthcare Now! recommends: 
• If a region or organization has the resources, SSI rates should be risk adjusted


(implying that risk variables be measured on all cases of a procedure whether
infection occurs or not). However, we recognize that this is not possible for all
organizations.


• SSI rates need to be monitored on a long-term basis for assessment trends; you will
note a pattern of normal variation even though prophylaxis compliance increases
consistently.


• Work closely with your infection control department on this outcome measure.


Infection rates for clean and clean contaminated surgical procedures differ; therefore 
they should be calculated in separate groups and entered to data set separately. 
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COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 
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Sample Run Chart: 
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4.0 Per cent of Surgical Patients with Appropriate Hair Removal: 
Sample Measurement Worksheet 
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4.0 Per cent of Surgical Patients with Appropriate Hair Removal – Technical 
Description 
*wound type not specified


Intervention(s): Reducing Surgical Site Infection 


Definition: Effective September 2014 this measure has been revised 
The per cent of selected clean and clean-contaminated surgical patients with 
appropriate surgical site hair removal during this reporting period. Based on the 
evidence no surgical site hair removal or surgical site hair removal with clippers is 
considered appropriate within two hours of surgery. If hair removal is necessary, 
clippers (not razors) should be used. Ideally, hair removal should occur outside of the 
OR theatre or procedure room, but inside of the operating room department, within 
two hours of surgery. Depilatory is considered impractical. Hair removal at home and 
shaving are considered inappropriate.  


Standard Goal: 95% or higher 


Note: Sustain the percentage of surgical patients with appropriate hair removal at 95% 
or higher. 


CALCULATION DETAILS: 


Numerator Definition: Number of selected surgical patients with no surgical site hair 
removal, or hair removal with the use of clippers or depilatory 


Numerator Exclusions: 
• Same exclusions as for denominator and
• Hair removal using razor
• Hair removal done at home


Denominator Definition: Number of selected surgical patients 


Denominator Exclusions:  
• Patients who are less than 18 years of age
• Burn or transplant patients


Compliance Bundle: The data collected for this indicator is available for the individual 
responses and presented as a Compliance Run Chart with the performance for each response 
category displayed separately.  The data are also available in tabular format. 


Bundle Elements include: 
• No hair removal
• Clippers
• Depilatory
• Razor
• Hair removal done at home
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Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted 
using optical mark recognition technology.  The auditor may collect data specific to each of 
the Surgical Site Infection measures for one or more patients and fax the data form directly 
to the Patient Safety Metrics System.  The form is read by the system and data are uploaded 
into specific individual measures. Results, tabular and run charts, may be accessed within 30 
minutes of faxing the form:  


DCF Response Options – SSI 4 (*numerator) 
• *No hair removal 
• *Clippers  
• *Depilatory  
• Razor
• Hair removal done at home


Measurement Period: Monthly  


Calculate as: (numerator / denominator); as a percentage 


Example of the Calculation: 


No. of clean or clean-contaminated pts. 
having ‘no hair removal, or pre-
operative hair removal using clippers or 
depilatory in hospital 


----------------------------------------- 


Total number of Clean and Clean-
contaminated surgical patients in this 
reporting period 


X 100 = Per cent of Clean and Clean-
contaminated Surgical Patients 
with Appropriate Hair Removal 


Comments : 


Safer Healthcare Now! recommends: 
• Patients should be educated not to shave or use a depilatory agent in the vicinity of 


the surgical site before surgery.74 Incorporate this message into the printed 
preoperative patient information and surgeon’s office communication


• Remove all razors from the hospital once clippers have been introduced. Work with 
the purchasing department so that razors are no longer purchased by the hospital


• Implement reminder posters throughout the operating theatre and surrounding patient
support areas


• Clipping should occur less than two hours before surgery in an effort to limit bacterial 
contamination of the surgical site37
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• The AORN guidelines report that hair should be removed outside of the operating room 
theatre or procedure room to limit hairs from contaminating OR tables and/or the 
surgical wound.74 We recognize that this is a challenge given that most OR departments 
do not have private facilities to remove hair outside the operating room Theatre


• It may be necessary to remove hair in the operating room theatre or on a gurney in an 
OR holding area. Regardless of location, using adhesive gloves or other methods to 
remove stray hairs after clipping is important.


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommend that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 
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Sample Run Chart: 
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SSI 5.0  Per cent of All Diabetic or Surgical Patients at risk of high 
blood glucose with controlled post-operative serum glucose 
POD 0, 1, and 2: Sample Measurement Worksheet 
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5.0 Per cent of Surgical Patients who are diabetic or at risk of high blood glucose 
with controlled post-operative serum glucose POD 0, 1, and 2: Technical 
Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: Effective September 2014 this measure has been revised 
The percentage of surgical patients who are diabetic or at risk of high blood glucose 
whose serum glucose is under control during this reporting period. The recommended 
level for post-operative serum glucose has been changed to "below 11.1 mmol/L". Blood 
glucose values should be measured on POD 0, 1 and 2 as the data are available i.e. prior 
to discharge 


Standard Goal: 95% or higher 


Note: Increase the per cent of surgical patients (including major cardiac) with 
controlled post-operative serum glucose at 95 per cent or higher at the end of 2014 and 
sustain it every year thereafter  


CALCULATION DETAILS: 


Numerator Definition: Number of surgical patients who are diabetic or at risk of high blood 
glucose whose serum glucose is controlled of less than 11.1 mmol/L on post-operative day 0, 
1 and 2 at or closest to 0600. 


Numerator Exclusions: 
• Same exclusions as for denominator
• Postop glucose >11.0 mmol/L on any of POD 0, 1 or 2
• Glucose not measured post operatively


Denominator Definition: All surgical patients 


Denominator Exclusions:  
• Patients who are less than 18 years of age
• Patients who are not diabetic or not a high risk of hyperglycemia
• Patients who had a principal or admission diagnosis suggestive of pre-operative


infectious diseases
• Patients with physician-documented infection prior to surgical procedure
• Burn or transplant patients


Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted 
using optical mark recognition technology.  The auditor may collect data specific to each of 
the Surgical Site Infection measures for one or more patients and fax the data form directly 
to the Patient Safety Metrics System.  The form is read by the system and data are uploaded 
into specific individual measures. Results, tabular and run charts, may be accessed within 30 
minutes of faxing the form: 
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DCF Response Options – SSI 5 (*numerator) 
• Not at Risk
• *Yes 
• No
• Glucose Not Done


Measurement Period: Monthly 


Definition of Terms: 
• Controlled perioperative glucose: The blood glucose values on post-operative day


(POD) one and two drawn closest to 6:00 a.m. (0600)


Calculate as: (numerator / denominator); as a percentage 


Example of the Calculation: 


No. of clean or clean-contaminated pts. 
who are diabetic or All Diabetic or 


Surgical Patients at risk of high blood 
glucose with controlled post-operative 


serum glucose POD 0, 1, and 2 


----------------------------------------- 


Total number of Clean and Clean-
contaminated surgical patients in this 


reporting period 


X 100 = 


Per cent of Clean and Clean-
contaminated Surgical Patients 
who are diabetic or All Diabetic 
or Surgical Patients at risk of 


high blood glucose with 
controlled post-operative 


serum glucose POD 0, 1, and 2 


Comments: 
• Blood glucose values on POD 0, 1 and 2 must be below 11.1 mmol/L for the patient to


be included in the numerator; an average glucose value of below 11.1 mmol/L is not
sufficient


• Perioperative blood glucose levels be monitored on all surgical patients who are 
diabetic or have risk factors for diabetes


• Blood glucose should not drop below 6.1mmol/li.


• Begin glucose maintenance protocols 24 to 48 hours before surgery – develop protocols
to advocate that patients and families control their pre-operative glucose levels at
home


• All diabetic patients or patients with risk factors for diabetes should have a capillary 
blood glucose (CBG) level drawn during their pre-operative clinic visit


• Diabetics, and anyone with a CBG >10 mmol/L should be flagged to have a repeat CBG
drawn the day of surgery (these patients should have CBG done every two hours
intraoperatively)1
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COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 
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Sample Run Chart: 
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6.0  Per cent of Clean or Clean-Contaminated Surgical Patients with 
normothermia within 15 minutes prior to skin closure or on 
arrival in PACU: Sample Measurement Worksheet 
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6.0 Per cent of clean or clean-contaminated surgical patients with 
normothermia within 15 minutes prior to skin closure or on arrival in PACU – 
Technical Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: Effective September 2014 this measure has been revised  
The percentage of clean or clean-contaminated surgical patients during this reporting 
period with normothermia (36.0° - 38.0°C) within 15 minutes before the end of 
surgery (i.e. wound closure). However if the temperature is not available within 15 
minutes of the end of surgery the alternate temperature is on arrival in the post-
anaesthesia care unit (PACU).  


Note: There can be a discrepancy in core temperatures measured by the gold standard 
methods and the other methods, but overall the thermometers should correlate if 
used consistently (i.e. temporal thermometer generally reads higher and the tympanic 
thermometer generally reads lower). See the Perioperative Normothermia section on 
page 33. 


Standard Goal: 95% or higher 


Note: Increase the per cent of surgical patients with Post-Operative Normothermia at 
95 per cent or higher at the end of 2014 and maintain it every year thereafter 


CALCULATION DETAILS: 


Numerator Definition: Number of surgical patients whose temperature within 15 minutes 
prior to wound closure or, if not available, on arrival in PACU were within the range of 36 to 
38ºC or 96.8 to 100.4ºF 


Numerator Exclusions: 
• Same exclusions as for denominator
• Temperature not within target range within 15 minutes of end of surgery or on arrival


in PACU
• Temperature not recorded


Denominator Definition: All surgical patients 


Denominator Exclusions:  
• Patients who are less than 18 years of age
• Burn or transplant patients
• Patients who had a principal or admission diagnosis suggestive of pre-operative


infectious diseases


Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted 
using optical mark recognition technology. The auditor may collect data specific to each of 
the Surgical Site Infection measures for one or more patients and fax the data form directly 
to the Patient Safety Metrics System.  
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The form is read by the system and data are uploaded into specific individual measures. 
Results, tabular and run charts, may be accessed within 30 minutes of faxing the form. 


DCF Response Options – SSI 6 (*numerator) 
• *Yes 
• No
• *Induced Hypothermia 
• Not Recorded


Measurement Period: Monthly 


Definition of Terms: 
• Normothermia: Core temperature 36-38 º C or 96.8-100.4 º F.


Calculate as: (numerator / denominator); as a percentage 


Example of the Calculation: 


No. of clean or clean-contaminated pts. 
with normothermia within 15 minutes of 
end of surgery or on arrival in PACU or 


induced hypothermia 


----------------------------------------- 


Total number of Clean and Clean-
contaminated surgical patients in this 


reporting period 


X 100 = 


Per cent of clean or clean-
contaminated Surgical Patients 
with normothermia within 15 
minutes of end of surgery or 


on arrival in PACU 


Comments: 
Normothermia (core temperature 36⁰C to38⁰C) should be maintained pre-operatively, 


intraoperatively, and in PACU by implementing any combination of the following: 


• Pre-printed order sets to ensure pre-warming
• Active Pre-warming AND Intra-op warming is indicated when surgery is expected to 


last >30 minutes137


• Warmed Intravenous fluids for abdominal surgeries expected to last more than one 


hour137


• Warmed lavage liquids for colorectal surgery


• Increase the ambient temperature in the operating room to 20-23⁰C (ORNAC 
standards) 138


• Hats and booties on patients during surgery


Pre-warming should be initiated between 30 minutes to two hours prior to major surgery. 
Recent literature has shown that even only 10 minutes of pre-warming makes a difference.139


The optimal duration of pre-warming has not been determined. 
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COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 
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Sample Run Chart: 
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7.0  Per cent of Clean or Clean-contaminated Surgical Patients with 
Appropriate Selection of Prophylactic Antibiotic (Optional): 
Sample Measurement Worksheet 
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7.0 (Optional Measure) Per cent of Clean or Clean-contaminated Surgical 
Patients with Appropriate Selection of Prophylactic Antibiotic – Technical 
Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: The percentage of clean or clean-contaminated surgical patients receiving 
prophylactic antibiotic consistent with their guidelines issuing bodies 2∞ 


Standard Goal: 95% or higher 


Timeline: Standard goal should be achieved every year 


CALCULATION DETAILS: 


Numerator Definition: Number of patients in the denominator who received prophylactic 
antibiotics appropriate for their surgery type and allergy status as determined by your local 
Antimicrobial Committee 


Numerator Exclusions: Same exclusions as for denominator exclusions 


Denominator Definition: Number of selected surgical patients included in this sample after 
exclusions 


Denominator Exclusions: 
• Patients less than 18 years of age
• Existing infectious process at the same site as the surgical procedure or surgeries that


are classified as wound class 3 or 4€ (NHSN – see Appendix D)
• Patients who were not given antibiotics at any time from arrival in hospital through


the first 24 hours post-operatively


Data Collection (Audit) Form: This measure is not collected through the use of the data 
collection form.  


Measurement Period: Monthly 


Calculate as: (numerator/denominator); as a percentage 


∞
Please consult with your local drugs and therapeutics committee on the selection of guidelines consistent with 


your locally approved recommendations. Common references are: The Medical Letter on Drugs and 
Therapeutics2, American Society of Health-System Pharmacists (ASHP) Therapeutic Guidelines, Canadian Bugs 
and Drugs 2006 Antimicrobial Reference, Blondel-Hill & Fryters, www.bugsanddrugs.ca), JCAHO/CMS guidelines, 
Centres for Disease Control(CDC), Scottish Intercollegiate Guidelines. 


€
  Please see Appendix D for definitions 
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Example of the Calculation: 


No. of clean or clean-contaminated 
pts. with appropriate prophylactic 


antibiotics for their type of surgery and 
personal profile 


----------------------------------------- 


Total number of Clean and Clean-
contaminated surgical patients in this 


reporting period 


X 100 = 


Per cent of Clean or Clean-
contaminated surgical patients  
with Appropriate Selection of 


Prophylactic Antibiotic 


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 
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Sample Run Chart: 
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8.0 Per cent of Clean and Clean-Contaminated Caesarean Section 
Patients with Timely Prophylactic Antibiotic Administration - 
Sample Measurement Worksheet 
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8.0 Per cent of Clean and Clean-Contaminated Caesarean Section Patients with 
Timely Prophylactic Antibiotic Administration - Technical Description 
Intervention(s): Reducing Surgical Site Infection 


Definition: New Measure September 2014 
The percentage of clean and clean-contaminated patients receiving timely prophylactic 
antibiotic administration delivered within 60 minutes prior to the surgical incision and 
ideally completely infused before tourniquet inflation during this reporting period. The 
prophylactic antibiotic infusion is to be started and completed within 60 minutes for 
most antibiotics or infused within 120 minutes for vancomycin and fluoroquinolones 
prior to skin incision or application of tourniquet. 


For C-sections, prophylactic antibiotics should be started and completed within 60 
minutes prior to the first incision rather than after cord clamping. The auditor should 
measure the timing of the antibiotic administration from antibiotic start time to surgical 
(incision) start time. If either time is missing, count as NOT obtaining prophylactic 
antibiotics on time. 


Standard Goal: 95% or higher 


Note: Sustain the percentage of surgical patients with timely prophylactic antibiotic 
administration at 95% or higher. 


CALCULATION DETAILS: 


Numerator Definition: Number of clean and clean-contaminated Caesarian section patients 
whose antibiotic administration were started and completed within 60 minutes prior to 
surgical incision not cord clamp. 


Note: Cases for which either vancomycin or a fluoroquinolone were used as prophylactic 
antimicrobial: These antibiotics need to be started and infused over 120 minutes (to avoid 
Red Man Syndrome). The infusion needs to be completed up to 60 minutes before first 
surgical incision. Patients who receive these antibiotics up to 60 minutes before first 
incision will count in the numerator.  


Note for C-Section: Cefazolin is the most common prophylactic antibiotic used for C-section.  
Clindamycin and Gentamycin is the B-lactam allergy alternate to cefazolin.  If the mother is 
unable to tolerate Clindamycin, Vancomycin (+ metronidazole) would be a reasonable 
alternative. Fluroquinolones are contraindicated in neonates. 


Numerator Exclusions: 
• Same exclusions as for denominator
• No prophylactic antibiotics given
• Infusion of prophylactic antibiotics completed after the first incision or tourniquet


inflation


Denominator Definition: Number of C-Section patients sampled for this reporting period 
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Denominator Exclusions: 
• Patients less than 18 years of age
• Patients with an existing infectious process at the same site as the planned surgical


procedure or surgeries that are classified under wound class three (Contaminated) or
four (Dirty/Infected)  (National Healthcare Safety Network (NHSN), see Appendix D)


• All surgical procedures other than Caesarian Section


Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted 
using optical mark recognition technology. The auditor may collect data specific to each of 
the Surgical Site Infection measures for one or more patients and fax the data form directly 
to the Patient Safety Metrics System. The form is read by the system and data are uploaded 
into specific individual measures. Results, tabular and run charts, may be accessed within 30 
minutes of faxing the form: 


DCF Response Options – SSI 8 (*numerator) C-Section only 
• *within 60 minutes before incision 
• *within 120 minutes before incision for Vancomycin or Fluoroquinolones 
• None of the above
• No antibiotics given


Measurement Period: Monthly 


Calculate as: (numerator / denominator); as a percentage 


Example of the Calculation: 


No. of Clean and Clean-contaminated C-
Section patients. with antibiotic infusion 


started and completed within 60 
minutes of incision 


----------------------------------------- 


Total no. of Clean and Clean-
contaminated C-Section patients in this 


reporting period 


X 100 = 


Per cent of Clean and Clean-
contaminated C-Section Patients 


with Timely Prophylactic 
Antibiotic Administration 


Comments: 
• Determining whether a patient has a pre-existing infectious process at the surgical site


or the wound class is generally easy to identify through review of the patient record.
Some institutions or regions collect wound classes electronically.


• If more than one inpatient surgical procedure occurred during the index
hospitalization, only the first surgical procedure should be considered for the purposes
of this measure.
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• The auditor should measure the timing of the antibiotic administration from antibiotic
start time to surgical (incision) start time.


• For cases involving use of an inflatable cuff or tourniquet applied to the operative
site, the antibiotic should be fully infused prior to inflation of the cuff.


• If you are using a surgical checklist in your OR, consider adding “Antibiotic
Prophylaxis: fully infused?” to the Briefing section.


• If you have two antibiotics you count the infusion time of the last antibiotic
administered.


Note: Patients for whom antibiotic start time or incision time is not recorded are counted as 
not obtaining prophylactic antibiotics on time (i.e., a zero in the numerator). 


**Please Note: The following information on collection strategy and sampling strategy and 
graphs pertains to all of the measurements contained within Appendix C. 


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommend that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 


December 2014 104 







Safer Healthcare Now! Prevent Surgical Site Infections Getting Started Kit 


Sample Run Chart: 
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9.0  Per cent of clean and clean-contaminated surgical patients with 
pre-op wash with soap or antiseptic agent: Sample Measurement 
Worksheet 
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9.0   Per cent of clean and clean-contaminated surgical patients with pre-op wash 
with soap or antiseptic agent - Technical Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: New Measure September 2014 
The percentage of clean and clean-contaminated surgical patients who had a pre-op 
wash with soap or antiseptic agent in this reporting period.  Based on the evidence the 
skin should be cleansed using a shower or partial body wash before surgery.   


Standard Goal: 95% or higher 


Note: Sustain the percentage of clean and clean-contaminated surgical patients with 
pre-op wash with soap or antiseptic agent at 95% or higher every year 


CALCULATION DETAILS: 


Numerator Definition: Number of clean and clean-contaminated who had a pre-op wash with 
soap or antiseptic agent in this reporting period 


Note: Although pre-operative bathing (whole-body disinfection) with antiseptic agents has not 
been shown to reduce the incidence of SSI rates,1, 27, 89 it has been shown to reduce bacterial 
counts on the skin.90 It is recommended that patients should shower or bathe with either soap 
or an antiseptic agent at least the night before the operative day. 


Numerator Exclusions: 
• Same exclusions as for denominator
• No shower or bath
• No record of agent used


Denominator Definition: Number of clean and clean-contaminated surgical patients sampled 
in this reporting period 


Denominator Exclusions:  
• Patients less than 18 years of age


• Patients with an existing infectious process at the same site as the planned surgical
procedure or surgeries that are classified under wound class three (Contaminated) or
four (Dirty/Infected)  (National Healthcare Safety Network (NHSN), see Appendix D)


Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted 
using optical mark recognition technology.  The auditor may collect data specific to each of 
the Surgical Site Infection measures for one or more patients and fax the data form directly 
to the Patient Safety Metrics System.   


The form is read by the system and data are uploaded into specific individual measures. 
Results, tabular and run charts, may be accessed within 30 minutes of faxing the form. 
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DCF Response Options – SSI 9 (*numerator) 
• *Soap 
• *Antiseptic Agent 
• Shower or Bath not required
• No shower or bath
• Not Recorded


Measurement Period: Monthly 


Calculate as: (numerator / denominator); as a percentage 


Example of the Calculation: 


No. of Clean and Clean-contaminated 
surgical pts. with pre-op wash using  


soap or an antiseptic agent 


----------------------------------------- 


Total no. of Clean and Clean-
contaminated C-Section pts. in this 


reporting period 


X 100 = 


Per cent of Clean and Clean-
contaminated Surgical Patients 
with pre-op wash using soap or 


an antiseptic agent 


Comments: 


• Determining whether a patient has a pre-existing infectious process at the surgical site
or the wound class is generally easy to identify through review of the patient record.
Some institutions or regions collect wound classes electronically.


**Please Note: The following information on collection strategy and sampling strategy and 
graphs pertains to all of the measurements contained within Appendix C. 


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 
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SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 


Sample Run Chart: 
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10.0 Per cent of clean and clean-contaminated surgical patients with 
appropriate intra-op skin cleansing on intact skin - Sample 
Measurement Worksheet 
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10.0 Per cent of clean and clean-contaminated surgical patients with appropriate intra-
op skin cleansing on intact skin - Technical Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: New Measure September 2014 
The percentage of clean and clean-contaminated surgical patients with appropriate intra-op 
skin cleansing on intact skin in this reporting period.  Based on available evidence, 2% 
Chlorhexidine in 70% alcohol antiseptic solution is the preferred agent unless contraindicated 
i.e. not mucosa or rash or close to eyes or ears. Other alcohol-based solutions (povidone-
iodine) are acceptable. 


Standard Goal: 95% or higher 


Note: Sustain the percentage of clean and clean-contaminated surgical patients with 
appropriate intra-op skin cleansing on intact skin at 95% or higher.  


CALCULATION DETAILS: 


Numerator Definition: Number of clean and clean-contaminated who had appropriate intra-op skin 
cleansing on intact skin (2% Chlorhexidine in 70% alcohol, Povidone-iodine with alcohol, or 
Contraindicated) for this reporting period. 


Note: Intra-operative skin preparation should be performed with an alcohol-based antiseptic agent, 
unless contraindicated. 2% CHG/70% IPA has repeatedly been shown to be the most effective surgical 
skin preparation solution for intact skin. Following application of chlorhexidine-alcohol skin 
preparation solution, surgical teams should allow at least three minutes for the skin preparations to 
air dry prior to first incision, or longer if there is excessive hair and should not be washed off at the 
end of surgery.  


Numerator Exclusions: 
• Same exclusions as for denominator
• Intra-operative skin cleansing using CHG or povidone-iodine without alcohol or any other


agent
• Intra-operative skin cleansing agent was not recorded


Denominator Definition: Number of clean and clean-contaminated surgical patients sampled for the 
reporting period 


Denominator Exclusions:  
• Patients less than 18 years of age
• Patients with an existing infectious process at the same site as the planned surgical procedure


or surgeries that are classified under wound class three (Contaminated) or four
(Dirty/Infected)  (National Healthcare Safety Network (NHSN), see Appendix D)
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Compliance Bundle 
The data collected for this indicator is available for the individual responses and presented as a 
Compliance Run Chart with the performance for each response category displayed separately.  The 
data are also available in tabular format. 


Bundle Elements include: 
• 2% Chlorhexidine in 70% alcohol
• Chlorhexidine
• Povidone-iodine with alcohol
• Povidone-iodine
• Other
• Contraindicated
• Not Recorded


Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted using 
optical mark recognition technology.  The auditor may collect data specific to each of the Surgical 
Site Infection measures for one or more patients and fax the data form directly to the Patient Safety 
Metrics System.  The form is read by the system and data are uploaded into specific individual 
measures. Results, tabular and run charts, may be accessed within 30 minutes of faxing the form  


DCF Response Options – SSI 10 (*numerator) 
• *2% Chlorhexidine in 70% alcohol 
• Chlorhexidine
• *Povidone-iodine with alcohol 
• Povidone-iodine
• Other
• *Contraindicated 
• Not Applicable
• Not Recorded


Measurement Period: Monthly 


Calculate as: (numerator / denominator); as a percentage 


Example of the Calculation: 


No. of Clean and Clean-contaminated 
surgical pts. who had appropriate intra-op 


skin cleansing on intact skin (2% 
Chlorhexidine in 70% alcohol, povidone-
iodine with alcohol, or Contraindicated) 


----------------------------------------- 
Total no. of Clean and Clean-contaminated 
surgical patients. in this reporting period 


X 100 = 


Per cent of Clean and Clean-
contaminated Surgical Patients 
with appropriate intra-op skin 


cleansing on intact skin 
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Comments: 


• Determining whether a patient has a pre-existing infectious process at the surgical site or the
wound class is generally easy to identify through review of the patient record. Some
institutions or regions collect wound classes electronically.


• Intra-operative skin preparation should be performed with an alcohol-based antiseptic agent, 
unless contraindicated


• Two per cent chlorhexidine with 70 per cent isopropyl alcohol (2% CHG/70% IPA) has 
repeatedly been shown to be a more effective surgical skin preparation solution than any 
other


• Alcohol-based antiseptics are flammable and therefore require caution when in use including 
educating staff, avoid dripping or pooling, allow to completely air dry and be sure to notify 
OR colleagues that they are in use.


• Avoid contact with eyes and inside the ear


**Please Note: The following information on collection strategy and sampling strategy and graphs 
pertains to all of the measurements contained within Appendix C. 


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data collection 
as much as possible. The ability to sustain data collection is higher if you integrate data collection 
into day-to-day work. However, if a team decides to collect their data using retrospective chart 
reviews then a hospital information system may be able to identify the patients from all discharges 
by sorting based on these elements. Another alternative is to work with the coding or medical 
records department to identify the patients at the time of coding and prepare a list or set aside 
records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases.  The 
sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 


December 2014 113 







Safer Healthcare Now! Prevent Surgical Site Infections Getting Started Kit 


Sample Run Chart 
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11.0  Per cent of Clean and Clean-Contaminated Adult Patients 
receiving 2 grams of Cefazolin as Prophylactic Antibiotic: 
Sample Measurement Worksheet 
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11.0  Per cent of Clean and Clean-Contaminated Adult Patients receiving 2 grams 
of Cefazolin as Prophylactic Antibiotic - Technical Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: New Measure September 2014 
The percentage of clean and clean-contaminated patients receiving 2 grams cefazolin 
as prophylactic antibiotic during this reporting period.  In the clinical practice 
guidelines for antimicrobial prophylaxis in surgery, Bratzler et al recommends 
increasing the dose of cefazolin from 1 g to 2 g for patients weighing more than 80 kg, 
and to 3 g for those weighing 120 kg or more.  However the recommendation to give 3 
g is based on expert opinion and available evidence suggests 3 g is not necessary 
regardless of body mass index (BMI) 0.47. For simplification and because of the 
relatively nontoxic nature of cefazolin and the high percentage of obese surgical 
patients, some Canadian hospitals have standardized to 2 g cefazolin doses for all 
adult patients when antibiotic prophylaxis is indicated. 


Standard Goal: 95% or higher 


Note: Sustain the percentage of clean and clean-contaminated surgical patients 
receiving 2 grams of Cefazolin as Prophylactic Antibiotic at 95% or higher 


CALCULATION DETAILS: 


Numerator Definition: Number of clean and clean-contaminated surgical adult patients 
receiving 2g of Cefazolin as Prophylactic Antibiotic for this reporting period 


Numerator Exclusions: 
• Same exclusions as for denominator
• Receiving 1 gram or 3 grams of Cefazolin as prophylactic antibiotic


Denominator Definition: Number of clean and clean-contaminated surgical adult patients 
receiving Cefazolin as Prophylactic Antibiotic for this reporting period 


Denominator Exclusions:  
• Patients less than 18 years of age
• Patients with an existing infectious process at the same site as the planned surgical


procedure or surgeries that are classified under wound class three (Contaminated) or
four (Dirty/Infected)  (National Healthcare Safety Network (NHSN), see Appendix D)


• Receiving any prophylactic antibiotic other than Cefazolin
• Name of prophylactic antibiotic given was not recorded


Compliance Bundle: The data collected for this indicator is available for the individual 
responses and presented as a Compliance Run Chart with the performance for each response 
category displayed separately.  The data are also available in tabular format. 
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Bundle Elements include: 
• 1 gram
• 2 grams
• 3 grams


Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted 
using optical mark recognition technology.  The auditor may collect data specific to each of 
the Surgical Site Infection measures for one or more patients and fax the data form directly 
to the Patient Safety Metrics System.  The form is read by the system and data are uploaded 
into specific individual measures. Results, tabular and run charts, may be accessed within 30 
minutes of faxing the form  


DCF Response Options – SSI 11.0 (*numerator) 
• 1g
• *2g 
• 3g
• Other antibiotic used
• Not Recorded


Measurement Period: Monthly 


Calculate as: (numerator / denominator); as a percentage 


Example of the Calculation: 


No. of Clean and Clean-contaminated 
surgical adult pts. who received 2 grams 
of Cefazolin as prophylactic antibiotic 


----------------------------------------- 


Total no. of Clean and Clean-
contaminated adult surgical patients 
receiving Cefazolin as prophylactic 
antibiotic in this reporting period 


X 100 = 


Per cent of Clean and Clean-
Contaminated Adult Surgical 
Patients receiving 2 grams of 
Cefazolin as Prophylactic 
Antibiotic  


Comments: 


• Determining whether a patient has a pre-existing infectious process at the surgical site
or the wound class is generally easy to identify through review of the patient record.
Some institutions or regions collect wound classes electronically.Antibiotic selected
for each procedure should provide coverage for the majority of organisms likely to be
encountered during the procedure but it does not need to eradicate every potential
pathogen to be effective.


• The selection of antibiotic for prophylaxis should also take into consideration the 
patient’s colonization or infection with multi-drug resistant organisms
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• Refer to Table 1  for recommended appropriate dosing, timing, frequency and 
duration to achieve serum and tissue antibiotic concentrations that exceed the 
minimum inhibitory concentrations (MICs)


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 
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Sample Run Chart 
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12.0  Per cent of Clean and Clean-Contaminated Surgical Patients 
Receiving Appropriate Prophylactic Antibiotic re-dosing - 
Sample Measurement Worksheet 
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12.0 Per cent of Clean and Clean-Contaminated Surgical patients receiving 
appropriate Prophylactic Antibiotic re-dosing - Technical Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: New Measure September 2014 
The percentage of clean and clean-contaminated surgical patients receiving 
appropriate prophylactic antibiotic re-dosing during this reporting period. Re-dosing of 
antibiotics may be required during prolonged surgery (more than two half-lives of the 
prophylactic antibiotic used) or procedures in which there is significant blood loss 
(more than 1.5 L) in order to maintain therapeutic levels perioperatively. Refer to the 
SSI Getting Started Kit, - Table 1 for recommended re-dosing of prophylactic 
antibiotics. The auditor should measure the timing of antibiotic administration from 
start time of the pre-operative antibiotic dose to time of the intraoperative antibiotic 
dose. 


Standard Goal: 95% or higher 


Note: Sustain the percentage of clean and clean-contaminated surgical patients 
receiving 2 grams of Cefazolin as Prophylactic Antibiotic at 95% or higher.  


CALCULATION DETAILS: 


Numerator Definition: Number of clean and clean-contaminated surgical patients receiving 
appropriate Prophylactic Antibiotic re-dosing for this reporting period 


 Numerator Exclusions: 
• Same exclusions as for denominator
• Appropriate prophylactic antibiotic re-dosing not performed


Denominator Definition: Number of clean and clean-contaminated surgical patients receiving 
Cefazolin as Prophylactic Antibiotic for this reporting period 


Denominator Exclusions:  
• Patients less than 18 years of age
• Patients with an existing infectious process at the same site as the planned surgical


procedure or surgeries that are classified under wound class three (Contaminated) or
four (Dirty/Infected)  (National Healthcare Safety Network (NHSN), see Appendix D)


• Prophylactic antibiotic not given
• Did not require re-dosing with Prophylactic antibiotic


Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted 
using optical mark recognition technology.  The auditor may collect data specific to each of 
the Surgical Site Infection measures for one or more patients and fax the data form directly 
to the Patient Safety Metrics System.  The form is read by the system and data are uploaded 
into specific individual measures. Results, tabular and run charts, may be accessed within 30 
minutes of faxing the form: 
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 DCF Response Options – SSI 12 (*numerator) 
• No prophylactic antibiotic given
• *Yes 
• No
• Re-dosing not required


Measurement Period: Monthly 


Calculate as: (numerator / denominator); as a percentage 


Example of the Calculation: 


No. of Clean and Clean-contaminated 
surgical pts. who received appropriate 


prophylactic antibiotic re-dosing 


----------------------------------------- 


Total no. of Clean and Clean-
contaminated surgical patients eligible 
for  prophylactic antibiotic re-dosing in 


this reporting period 


X 100 = 


Per cent of Clean and Clean-
Contaminated Surgical Patients 
receiving Prophylactic Antibiotic 
Re-dosing 


Comments: 


• Determining whether a patient has a pre-existing infectious process at the surgical site
or the wound class is generally easy to identify through review of the patient record.
Some institutions or regions collect wound classes electronically.Antibiotic selected
for each procedure should provide coverage for the majority of organisms likely to be
encountered during the procedure but it does not need to eradicate every potential
pathogen to be effective.


• Refer to Table 1 for recommended appropriate dosing, timing, frequency and duration
to achieve serum and tissue antibiotic concentrations that exceed the minimum
inhibitory concentrations (MICs)


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 
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SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 


Sample Run Chart: 
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13.0  Per cent of Clean and Clean Contaminated Surgery Patients with 
Evidence of Surgical Site Infection at the Time of or Prior to 
Discharge - Sample Measurement Worksheet 


December 2014 124 







Safer Healthcare Now! Prevent Surgical Site Infections Getting Started Kit 


13.0   Per cent of Clean and Clean Contaminated Surgery Patients with Evidence of 
Surgical Site Infection Prior to Discharge - Technical Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: New Measure September 2014 
Percentage of clean and clean-contaminated surgical patients who, prior to or at the 
time of discharge, showed evidence of a surgical site infection. These patients are a 
subgroup of the overall surgical site infection rate at 30 and 31 to 90 days post-
operative 


Standard Goal: 95% or higher 


Note: Reduce the Per cent of clean and clean-contaminated surgical patients with 
evidence of surgical site infection prior to discharge by 10% every year  


CALCULATION DETAILS: 


Numerator Definition: Number of clean and clean-contaminated surgical patients with 
evidence of surgical site infection prior to or at the time of discharge for this reporting period 


Numerator Exclusions: Same exclusions as for denominator 


Denominator Definition: Number of clean and clean-contaminated surgical patients 
discharged for this reporting period 


Denominator Exclusions: 
• Patients less than 18 years of age
• Patients with an existing infectious process at the same site as the planned surgical


procedure or surgeries that are classified under wound class three (Contaminated) or
four (Dirty/Infected)  (National Healthcare Safety Network (NHSN), see Appendix D)


Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted 
using optical mark recognition technology.  The auditor may collect data specific to each of 
the Surgical Site Infection measures for one or more patients and fax the data form directly 
to the Patient Safety Metrics System.  The form is read by the system and data are uploaded 
into specific individual measures. Results, tabular and run charts, may be accessed within 30 
minutes of faxing the form  


DCF Response Options – SSI 13 (*numerator) 
• *Yes 
• No
• Unknown


Measurement Period: Monthly 


Calculate as: (numerator / denominator); as a percentage 
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Example of the Calculation: 


Number of clean and clean-
contaminated surgical patients with 


evidence of surgical site infection prior 
to or at the time of discharge 


----------------------------------------- 


Total no. of Clean and Clean-
contaminated surgical patients in this 


reporting period 


X 100 = 


Per cent of Clean and Clean-
Contaminated Surgical Patients 
with evidence of SSI prior to or 
at the time of discharge  


Comments: 


• Determining whether a patient has a pre-existing infectious process at the surgical site
or the wound class is generally easy to identify through review of the patient record.
Some institutions or regions collect wound classes electronically.Antibiotic selected
for each procedure should provide coverage for the majority of organisms likely to be
encountered during the procedure but it does not need to eradicate every potential
pathogen to be effective.


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 
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Sample Run Chart: 
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14.0  Surgical Site Infection Pre-operative (Pre-op) Score - 
Sample Measurement Worksheet 
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14.0   Surgical Site Infection Pre-operative (Pre-op) Score - Technical Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: New Measure September 2014 
The overall average surgical Site Infection Pre-operative (Pre-op) Score, expressed as a 
percentage. This measure is automatically populated from questions C, D, and I in the 
Surgical Site Infection Data Collection (Audit) Form. 


Standard Goal: 95% or higher 


Note: Reduce the Per cent of clean and clean-contaminated surgical patients with 
evidence of surgical site infection prior to discharge by 10% every year  


CALCULATION DETAILS: 


Numerator Definition: Number of patients for whom all 3 Surgical Site Infection Pre-
operative (Pre-op) elements were met for this reporting period 


Numerator Exclusions: Same exclusions as for denominator 


Denominator Definition: Number of patients for whom a Surgical Site Infection Score was 
recorded for this reporting period 


Denominator Exclusions: 
• Patients less than 18 years of age
• Patients with an existing infectious process at the same site as the planned surgical


procedure or surgeries that are classified under wound class three (Contaminated) or
four (Dirty/Infected)  (National Healthcare Safety Network (NHSN), see Appendix D)


Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted 
using optical mark recognition technology.  The auditor may collect data specific to each of 
the Surgical Site Infection measures for one or more patients and fax the data form directly 
to the Patient Safety Metrics System.  The form is read by the system and data are uploaded 
into specific individual measures. Results, tabular and run charts, may be accessed within 30 
minutes of faxing the form  


DCF Response Options – SSI 14 (*numerator) 
• *Yes 
• No
• Unknown


Measurement Period: Monthly 


Calculate as: (numerator / denominator); as a percentage 
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Example of the Calculation: 


Number of clean and clean-
contaminated surgical patients with 


evidence of surgical site infection prior 
to or at the time of discharge 


----------------------------------------- 


Total no. of Clean and Clean-
contaminated surgical patients in this 


reporting period 


X 100 = 


Per cent of Clean and Clean-
Contaminated Surgical Patients 
with evidence of SSI prior to or 


at the time of discharge 


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 
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Sample Run Chart: 
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15.0 Surgical Site Infection Perioperative Score - Sample 
Measurement Worksheet 
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15.0   Surgical Site Infection Perioperative Score - Technical Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: New Measure September 2014 
The overall average surgical Site Infection Perioperative Score, expressed as a 
percentage. This measure is automatically populated from questions E, F, G, and K in 
the Surgical Site Infection Data Collection (Audit) Form.  


Standard Goal: 95% or higher 


Note: Reduce the Per cent of clean and clean-contaminated surgical patients with 
evidence of surgical site infection prior to discharge by 10% every year  


CALCULATION DETAILS: 


Numerator Definition: Number of patients for whom all 4 Surgical Site Infection Pre-
operative (Pre-op) elements were met for this reporting period 


Numerator Exclusions: Same exclusions as for denominator 


Denominator Definition: Number of patients for whom a Surgical Site Infection Score was 
recorded for this reporting period 


Denominator Exclusions: 
• Patients less than 18 years of age


• Patients with an existing infectious process at the same site as the planned surgical
procedure or surgeries that are classified under wound class three (Contaminated) or
four (Dirty/Infected)  (National Healthcare Safety Network (NHSN), see Appendix D)


Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted 
using optical mark recognition technology.  The auditor may collect data specific to each of 
the Surgical Site Infection measures for one or more patients and fax the data form directly 
to the Patient Safety Metrics System.  The form is read by the system and data are uploaded 
into specific individual measures. Results, tabular and run charts, may be accessed within 30 
minutes of faxing the form  


DCF Response Options – SSI 15 (*numerator) 
• *Yes 
• No
• Unknown


Measurement Period: Monthly 


Calculate as: (numerator / denominator); as a percentage 
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Example of the Calculation: 


Number of clean and clean-
contaminated surgical patients with 


evidence of surgical site infection prior 
to or at the time of discharge 


----------------------------------------- 


Total no. of Clean and Clean-
contaminated surgical patients in this 


reporting period 


X 100 = 


Per cent of Clean and Clean-
Contaminated Surgical Patients 
with evidence of SSI prior to or 


at the time of discharge 


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 
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Sample Run Chart: 
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16.0  Surgical Site Infection Postoperative (Post-op) Score- 
Sample Measurement Worksheet 
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16.0 Surgical Site Infection Postoperative (Post-op) Score - Technical Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: New Measure September 2014 
The overall average surgical Site Infection Postoperative (Post-op) Score, expressed as 
a percentage. This measure is automatically populated from questions H, J, and L in 
the Surgical Site Infection Data Collection (Audit) Form.  


Standard Goal: 95% or higher 


Note: Reduce the Per cent of clean and clean-contaminated surgical patients with 
evidence of surgical site infection prior to discharge by 10% every year  


CALCULATION DETAILS: 


Numerator Definition: Number of patients for whom all 3 Surgical Site Infection Post-
operative (Post-op) elements were met for this reporting period 


Numerator Exclusions: Same exclusions as for denominator 


Denominator Definition: Number of patients for whom a Surgical Site Infection Score was 
recorded for this reporting period 


Denominator Exclusions: 
• Patients less than 18 years of age
• Patients with an existing infectious process at the same site as the planned surgical


procedure or surgeries that are classified under wound class three (Contaminated) or
four (Dirty/Infected)  (National Healthcare Safety Network (NHSN), see Appendix D)


Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted 
using optical mark recognition technology.  The auditor may collect data specific to each of 
the Surgical Site Infection measures for one or more patients and fax the data form directly 
to the Patient Safety Metrics System.  The form is read by the system and data are uploaded 
into specific individual measures. Results, tabular and run charts, may be accessed within 30 
minutes of faxing the form  


DCF Response Options – SSI 16 (*numerator) 
• *Yes 
• No
• Unknown


Measurement Period: Monthly 


Calculate as: (numerator / denominator); as a percentage 
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Example of the Calculation: 


Number of clean and clean-
contaminated surgical patients with 


evidence of surgical site infection prior 
to or at the time of discharge 


----------------------------------------- 


Total no. of Clean and Clean-
contaminated surgical patients in this 


reporting period 


X 100 = 


Per cent of Clean and Clean-
Contaminated Surgical Patients 
with evidence of SSI prior to or 


at the time of discharge 


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 
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Sample Run Chart: 
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17.0 Surgical Site Infection Score - Sample Measurement 
Worksheet


December 2014 140 







Safer Healthcare Now! Prevent Surgical Site Infections Getting Started Kit 


17.0  Surgical Site Infection Score - Technical Description 


Intervention(s): Reducing Surgical Site Infection 


Definition: New Measure September 2014 
The overall average Surgical Site Infection Score, expressed as a percentage. This 
measure is automatically populated from questions C-L in the Surgical Site Infection 
Data Collection (Audit) Form.  


Standard Goal: 95% or higher 


Note: Reduce the Per cent of clean and clean-contaminated surgical patients with 
evidence of surgical site infection prior to discharge by 10% every year 


CALCULATION DETAILS: 


Numerator Definition: Number of patients for whom all 10 Surgical Site Infection elements 
were met for this reporting period 


Numerator Exclusions: Same exclusions as for denominator 


Denominator Definition: Number of patients for whom a Surgical Site Infection Score was 
recorded for this reporting period 


Denominator Exclusions: 
• Patients less than 18 years of age
• Patients with an existing infectious process at the same site as the planned surgical


procedure or surgeries that are classified under wound class three (Contaminated) or
four (Dirty/Infected)  (National Healthcare Safety Network (NHSN), see Appendix D)


Compliance Bundle: The data collected for this indicator is available for the individual 
responses and presented as a Compliance Run Chart with the performance for each response 
category displayed separately.  The data are also available in tabular format. 


Bundle Elements include: 
• 1 gram
• 2 grams
• 3 grams


Data Collection (Audit) Form: The data collection form (DCF) is a paper-based tool formatted 
using optical mark recognition technology.  The auditor may collect data specific to each of 
the Surgical Site Infection measures for one or more patients and fax the data form directly 
to the Patient Safety Metrics System.  The form is read by the system and data are uploaded 
into specific individual measures. Results, tabular and run charts, may be accessed within 30 
minutes of faxing the form  


DCF Response Options – SSI 17 (*numerator) 
• *Yes 
• No
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• Unknown


Measurement Period: Monthly 


Calculate as: (numerator / denominator); as a percentage 


Example of the Calculation: 


Number of clean and clean-
contaminated surgical patients with 


evidence of surgical site infection prior 
to or at the time of discharge 


----------------------------------------- 


Total no. of Clean and Clean-
contaminated surgical patients in this 


reporting period 


X 100 = 


Per cent of Clean and Clean-
Contaminated Surgical Patients 
with evidence of SSI prior to or 


at the time of discharge 


COLLECTION STRATEGY: 


Safer Healthcare Now! recommends that teams complete concurrent or “real time” data 
collection as much as possible. The ability to sustain data collection is higher if you integrate 
data collection into day-to-day work. However, if a team decides to collect their data using 
retrospective chart reviews then a hospital information system may be able to identify the 
patients from all discharges by sorting based on these elements. Another alternative is to 
work with the coding or medical records department to identify the patients at the time of 
coding and prepare a list or set aside records for review. 


SAMPLING STRATEGY: 


Safer Healthcare Now! recommends that you start with one surgical procedure (i.e., hip 
arthroplasty) and spread to other surgical procedures over time.  


Hospitals may decide to collect data using sampling if there is a sufficient volume of cases. 
The sample size (n) based on the surgical patient population size (N): 


Average Monthly Population Size “N” Minimum required sample “n” 


< 20 No sampling; 100% of population required 


20 – 100 20 


> 100 15 - 20% of population size 
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Sample Run Chart: 
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Appendix D: National Healthcare Safety Network 
(NHSN) Definition of Wound Classifications** 
Class I - Clean An Uninfected operative wound in which no inflammation is 


encountered and the respiratory, alimentary, genital, or 
uninfected urinary tract is not entered. In addition, clean wounds 
are primarily closed and, if necessary, drained with closed 
drainage. Operative incisional wounds that follow non–penetrating 
(blunt) trauma should be included in this category if they meet the 
criteria. 


Class II –  
Clean-Contaminated 


An operative wound in which the respiratory, alimentary, genital, 
or urinary tracts are entered under controlled conditions and 
without unusual contamination. Specifically, operations involving 
the biliary tract, appendix, vagina, and oropharynx are included in 
this category, provided no evidence of infection or major break in 
technique is encountered. 


Class III - 
Contaminated 


Open, fresh, accidental wounds. In addition, operations with 
major breaks in sterile technique (e.g., open cardiac massage) or 
gross spillage from the gastrointestinal tract, and incisions in 
which acute, non–purulent inflammation is encountered are 
included in this category. 


Class IV 
Dirty-Infected 


Old traumatic wounds with retained devitalized tissue and those 
that involve existing clinical infection or perforated viscera. This 
definition suggests that the organisms causing post-operative 
infection were present in the operative field before the operation. 


**
Mangram et al. (1999). Guideline for Prevention of Surgical Site Infection. Infection Control and Hospital 


Epidemiology, 20(4), p. 247-278.http://www.cdc.gov/ncidod/dhqp/pdf/guidelines/SSI.pdf 
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Dear [enter hospital name] Surgeons and Staff,  
 
Our hospital participates in the Illinois Surgical Quality Improvement Collaborative (ISQIC), a group of 57 
diverse hospitals that have come together to work on improving the quality and safety of surgical care for 
patients in Illinois. One component of the collaborative is to work together on an annual quality 
improvement project. For the upcoming collaborative year, ISQIC hospitals will be implementing a 
Colorectal Surgical Site Infection (SSI) Reduction Bundle. 
 
The ISQIC Advisory Committee determined that SSI would be the best issue to tackle together based on 
feedback from member hospitals and data showing that there is significant variation in rates of colorectal 
SSI across the state. In the last Semi Annual Report released by the American College of Surgeons National 
Surgical Quality Improvement Program (ACS NSQIP), we had an SSI rate of [enter rate here]. We believe 
that we can drive that rate down by instituting a bundle of best practices that have been vetted and 
validated.  
 
Over the next few months, we will be reviewing the bundle in detail and determining what components 
of the bundle are already in place at our hospital. This gap analysis will inform our future efforts related 
to which parts of the bundle we will need to initiate with this SSI reduction project. Furthermore, starting 
in September, we began to collect data on our adherence to the bundle so we will be able to further 
identify how specific bundle components are being utilized by some providers, all providers, or not at all.  
 
Please let us know if you have any questions about this exciting initiative.  
 
Sincerely,  
 
 [Enter hospital name]  ISQIC Team  
 
 
_________________________        _________________________    _________________________    


[Surgeon Champion name]              [Surgical Clinical Reviewer name]  [Quality Improvement Designee name] 
Surgeon Champion       Surgical Clinical Reviewer               Quality Improvement Designee   
  
  
 
 
 
 
 
 
 
 
 







 
 


 








ORIGINAL ARTICLE


Combined Mechanical and Oral Antibiotic Bowel Preparation
Reduces Incisional Surgical Site Infection and Anastomotic Leak


Rates After Elective Colorectal Resection
An Analysis of Colectomy-Targeted ACS NSQIP


John E. Scarborough, MD, Christopher R. Mantyh, MD, PhD, Zhifei Sun, MD, and John Migaly, MD


Objective: To determine the association between preoperative bowel prepa-
ration and 30-day outcomes after elective colorectal resection.
Methods: Patients from the 2012 Colectomy-Targeted American College of
Surgeons National Surgical Quality Improvement Program (ACS NSQIP)
database who underwent elective colorectal resection were included for analy-
sis and assigned to 1 of 4 groups based on the type of preoperative preparation
they received [combined mechanical and oral antibiotic preparation (OAP),
mechanical preparation only, OAP only, or no preoperative bowel preparation].
The association between preoperative bowel preparation status and 30-day
postoperative outcomes was assessed using multivariate regression analysis
to adjust for a robust array of patient- and procedure-related factors.
Results: A total of 4999 patients were included for this study [1494 received
(29.9%) combined mechanical and OAP, 2322 (46.5%) received mechanical
preparation only, 91 (1.8%) received OAP only, and 1092 (21.8%) received
no preoperative preparation]. Compared to patients receiving no preopera-
tive preparation, patients who received combined preparation demonstrated
a lower 30-day incidence of postoperative incisional surgical site infection
(3.2% vs 9.0%, P < 0.001), anastomotic leakage (2.8% vs 5.7%, P = 0.001),
and procedure-related hospital readmission (5.5% vs 8.0%, P = 0.03). The
outcomes of patients who received either mechanical or OAP alone did not
differ significantly from those who received no preparation.
Conclusions: Combined bowel preparation with mechanical cleansing and
oral antibiotics results in a significantly lower incidence of incisional surgical
site infection, anastomotic leakage, and hospital readmission when compared
to no preoperative bowel preparation.


Keywords: anastomotic leak, bowel preparation, colorectal surgery, oral
antibiotics, surgical site infection


(Ann Surg 2015;262:331–337)


U tilization of bowel preparations before elective colon resection
has decreased in recent years.1,2 A major reason for this decline


is the increased scrutiny being given to the practice of mechani-
cal bowel preparation (MBP). Although long considered a standard
component of preoperative care in colorectal surgery, MBP has con-
sistently failed in numerous randomized clinical trials to demonstrate
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an independent protective effect against postoperative surgical site in-
fection (SSI) or anastomotic leakage.3–8 This lack of any identifiable
benefit, combined with the discomfort that mechanical cleansing can
cause patients, has led some to conclude that MBP should no longer
be routinely performed.7–10


Calls for the abandonment of routine MBP have been met with
strong reservation by other investigators, primarily because most of
the trials that have suggested no benefit to MBP have failed to in-
clude the co-administration of oral antibiotic preparations (OAP) in
their study protocols.3,11,12 It is the oral antibiotic, not the mechan-
ical cleansing, that reduces the bacterial concentration of colonic
mucosa. The primary reason for mechanical cleansing is to reduce
fecal bulk and thereby increase the delivery of oral antibiotics to the
colonic mucosa.3,11,13 Those studies that have attempted to define the
isolated association between MBP and postcolectomy infectious com-
plications are therefore fundamentally flawed if they do not include
the co-administration of an OAP.


Recent data from the Michigan Surgical Quality Collaborative
suggests that combined preoperative bowel preparation with mechan-
ical cleansing and oral antibiotics may reduce the incidence of postop-
erative SSI when compared to a strategy of no preparation.14 Whether
the beneficial effects of combined preparation extend to a reduction in
the risk of anastomotic leakage or improvement in other outcome pa-
rameters, or are also demonstrable outside of the setting of a regional
quality collaborative, is not known. The recent release of the 2012
Colectomy-Targeted American College of Surgeons National Surgi-
cal Quality Improvement Program (ACS NSQIP) Participant User
File (PUF) provides a unique opportunity to further assess the rel-
ative efficacy of different preoperative bowel preparation strategies.
In addition to its inclusion of prospectively collected information
about a robust array of patient- and procedure-related variables that
can be used for risk adjustment, the Colectomy-Targeted PUF also
contains information that is of particular concern when examining
the outcomes after colorectal surgery.15 The purpose of our study
was therefore to use data from this data source to determine the as-
sociation between preoperative bowel preparation status and 30-day
outcomes after colorectal resection, with bowel preparation status be-
ing classified as combined MBP and OAP, MBP only, OAP only, or
no preoperative preparation. We hypothesized that patients receiving
both MBP and OAP would demonstrate the lowest rates of postopera-
tive infectious complications and be the least likely to require hospital
readmission after discharge.


METHODS
The 2012 Colectomy-Targeted ACS NSQIP and 2012 ACS


NSQIP data sets were used for this study.15 This data source contains
prospectively collected information on 22 perioperative variables,
which are of specific importance when considering the outcomes of
patients who undergo colorectal surgery, including the indication for
index operation and whether a patient received preoperative MBP
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and/or OAP. A total of 121 ACS NSQIP centers contributed patient
data to the 2012 Colectomy-Targeted PUF.11 Patients from the data
set were included for analysis if they underwent partial colorectal
resection [as identified by a primary Current Procedural Terminology
(CPT) code of 44140, 44145, 44160, 44204, 44205, or 44207] for
colon cancer, a nonmalignant polyp, or chronic diverticular disease.
Patients whose index operations were noted to include a CPT code
for concomitant ostomy creation (as identified by CPT codes 44310,
44320, 44187, 44188) were excluded from our analysis. Patients were
also excluded from analysis if they underwent nonelective operation,
if their incision was classified as “dirty/infected,” or if they exhib-
ited any acute physiologic derangement that might indicate that their
index operation was nonelective [need for preoperative mechanical
ventilation, preoperative acute renal failure, preoperative systemic
inflammatory release syndrome, sepsis, or septic shock; American
Society of Anesthesiologists (ASA) physical status classification of
5; and/or length of preoperative hospitalization >1 day]. Finally, pa-
tients were also excluded from analysis if they had preoperative evi-
dence of an infected wound, or if they had missing data for any of the
predictor variables assessed in our analysis except for race/ethnicity
or preoperative serum albumin level. The Colectomy-Targeted and
more general 2012 ACS NSQIP records of the patients meeting the
aforementioned inclusion and exclusion criteria were subsequently
merged to capture the full extent of perioperative variables available
for each patient.


The primary predictor variable for our analysis was preoper-
ative bowel prep status, which was considered as a 4-level nomi-
nal categorical variable [combined MBP and OAP (MBP + OAP),
MBP only, OAP only, or neither MBP nor OAP (No Prep)]. The
Colectomy-Targeted ACS NSQIP database did not consider enemas
or suppositories alone as constituting an MBP, and classified patients
who received only a partial MBP as not having received an MBP.15


Other potential predictor variables included patient sex, race/ethnicity
(white, black, Hispanic, or other/unknown), age, body mass index,
diabetes mellitus (none, non–insulin requiring, or insulin requiring),
ongoing tobacco use, chronic obstructive pulmonary disease (COPD),
congestive heart failure, hypertension requiring medication, dissem-
inated cancer, chronic steroid use, weight loss more than 10% within
6 months before index operation, preoperative serum albumin [nor-
mal (ie, ≥3.4 g/dL), low, or not checked], bleeding disorder (includ-
ing use of antiplatelet or oral anticoagulant medications, which were
not stopped preoperatively), ASA physical status classification of 4
(vs <4), incisional wound classification (clean/clean-contaminated or
contaminated), operative time quartile, total work relative value unit
quartile (for all procedures performed by primary and/or secondary
teams during index operation), surgical approach (laparoscopic, open,
or conversion from laparoscopic to open), preoperative indication
(colon cancer, non-malignant colon polyp, or chronic diverticular
disease), and performance of a low pelvic anastomosis (as indicated
by a primary CPT code of 44145 or 44207). For operative indication
and surgical approach, patients were classified according to the in-
formation contained within the Colectomy-Targeted data source and
which was obtained by review of the surgeon’s operative report.15


The primary outcome variables for our analysis were 30-day
postoperative incidences of incisional SSI (including superficial or
deep incisional SSI), anastomotic leak, and death. Secondary out-
come variables included length of postoperative hospitalization and
need for readmission. A patient was classified by ACS NSQIP as
having a postoperative anastomotic leak if “ . . . a leak of endolumi-
nal contents through an anastomosis occurred . . . The presence of an
infection/abscess thought to be related to an anastomosis, even if the
leak cannot be definitively identified as visualized during an opera-
tion, or by contrast extravasation, [was] still considered an anasto-
motic leak if this [was] indicated by the surgeon.”11 For the purpose


of our study, we also included patients who sustained an organ/space
SSI as having an anastomotic leak. Secondary outcome variables in-
cluded length of postoperative index hospitalization and the 30-day
incidence of readmission within 30 days of operation for a postoper-
ative reoccurrence likely related to the principal surgical procedure.


The preoperative and intraoperative characteristics of patients
in the 4 different preoperative bowel preparation categories were
assessed and compared using Pearson χ 2 tests. For each primary
outcome variable and for readmission, the univariate association be-
tween potential predictor variables and that outcome were assessed
using Pearson χ 2 tests. Those predictor variables maintaining a uni-
variate association with the outcome at the P < 0.20 level were then
included in a subsequent multivariate logistic regression model to
determine independent predictors of that outcome. For postoperative
length of hospitalization, the univariate association between poten-
tial predictors and this outcome were assessed using simple linear
regression models with variables maintaining an association at the
P < 0.20 level with the logarithmic transformation of postoperative
length of hospitalization subsequently being included in a multivariate
linear regression model to identify independent predictors of this out-
come. In the aforementioned multivariate regression models, bowel
preparation status was considered as a multilevel nominal categori-
cal variable, and patients receiving No Prep were considered as the
reference group. For each logistic regression model, goodness of fit
was assessed with the Hosmer-Lemeshow statistics and discrimina-
tory capacity was assessed with the c-statistic. For the multivariate
linear regression model, adjusted R2 was assessed. Stata Version 11.0
(StataCorp LP, College Station, TX) was used for all statistical anal-
yses. A P < 0.05 was considered statistically significant.


RESULTS
A total of 4999 patients undergoing elective colorectal resec-


tion were included for analysis. Of them, 1494 (29.9%) of patients
received MBP + OAP before resection, 2322 (46.5%) received MBP
only, 91 (1.8%) received OAP only, and 1092 (21.8%) received no
preoperative bowel preparation (No Prep). There were few differ-
ences in the preoperative characteristics of the 4 groups of patients
in our analysis that were both clinically and statistically significant
(Table 1), although Black patients and those of unknown or “other”
race/ethnicity were less likely to receive MBP + OAP, and more
likely to receive no preoperative preparation, than white or Hispanic
patients. Table 2 demonstrates the intraoperative characteristics of
study patients, stratified by preoperative bowel preparation status. Pa-
tients receiving operation for chronic diverticular disease appeared
more likely than patients with colon cancer or nonmalignant polyps
to receive combined preparation with MBP and OAP, whereas pa-
tients undergoing low pelvic anastomosis were less likely than pa-
tients undergoing more proximal anastomosis to receive combined
preparation.


The overall 30-day incidences of postoperative incisional SSI,
anastomotic leakage, and death for patients in our study sample were
6.5%, 4.1%, and 0.8%, respectively. Only 3.2% of patients receiving
both MBP and OAP developed postoperative incisional SSI, which
was significantly lower after risk adjustment than the rate of 9.0%
observed in patients receiving no preparation (Fig. 1). Patients in the
MBP + OAP group also had the lowest incidence of postoperative
anastomotic leakage (2.8%), which again was significantly lower than
sustained by patients in the No Prep group (5.7%, see Fig. 2). There
was no significant difference in 30-day postoperative mortality be-
tween MBP + OAP and No Prep patients (Fig. 3). In general, the
primary and secondary outcomes of patients receiving MBP only or
OAP only did not differ significantly from those of patients receiving
No Prep (Figs. 1–3).
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TABLE 1. Preoperative Characteristics of Patients Undergoing Elective Colorectal Resection, Stratified by Preoperative Bowel
Preparation Status


Preoperative Bowel Preparation


Preoperative Characteristics MBP + OAP MBP Only OAP Only No Prep P


No. patients 1494 (29.9%) 2322 (46.5%) 91 (1.8%) 1092 (21.8%) n/a
Age, yr <55 (n = 1261) 380 (30.1%) 610 (48.4%) 22 (1.7%) 249 (19.8%) 0.06


55–64 (n = 1289) 382 (29.6%) 615 (47.7%) 25 (1.9%) 295 (21.6%)
65–74 (n = 1364) 420 (30.8%) 623 (45.6%) 26 (1.9%) 295 (21.6%)
≥75 (n = 1085) 312 (28.8%) 474 (43.7%) 18 (1.7%) 281 (25.9%)


Sex Male (n = 2450) 749 (30.6%) 1146 (46.8%) 43 (1.8%) 512 (20.9%) 0.40
Female (n = 2549) 745 (29.2%) 1176 (46.1%) 48 (1.9%) 580 (22.8%)


Race/ethnicity White (n = 3820) 1223 (32.0%) 1759 (46.1%) 65 (1.7%) 773 (20.2%) <0.001
Black (n = 391) 88 (22.5%) 194 (49.6%) 7 (1.8%) 102 (26.1%)


Hispanic (n = 208) 88 (42.3%) 86 (41.4%) 5 (2.4%) 29 (13.9%)
Other/Unknown (n = 580) 95 (16.4%) 283 (48.8%) 14 (2.4%) 188 (32.4%)


Body mass index, kg/m2 <25 (n = 1454) 431 (29.6%) 661 (45.5%) 23 (1.6%) 339 (23.3%) 0.18
25–29 (n = 1759) 525 (29.9%) 803 (45.6%) 27 (1.5%) 404 (23.0%)
30–34 (n = 1077) 331 (30.7%) 513 (47.6%) 23 (2.1%) 210 (19.5%)
≥35 (n = 709) 207 (29.2%) 345 (48.7%) 18 (2.5%) 139 (19.6%)


Diabetes mellitus None (n = 4238) 1278 (30.2%) 1956 (46.2%) 81 (1.9%) 923 (21.8%) 0.07
Non–insulin requiring (n = 542) 163 (30.1%) 267 (49.3%) 7 (1.3%) 105 (19.4%)


Insulin requiring (n = 219) 53 (24.2%) 99 (45.2%) 3 (1.4%) 64 (29.2%)
Active smoker No (n = 4209) 1262 (30.0%) 1952 (46.4%) 72 (1.7%) 923 (21.9%) 0.58


Yes (n = 790) 232 (29.4%) 370 (46.8%) 19 (2.4%) 169 (21.4%)
Functional health status Independent (n = 4939) 1481 (30.0%) 2295 (46.5%) 90 (1.8%) 1073 (21.7%) 0.25


Non-independent (n = 60) 13 (21.7%) 27 (45.0%) 1 (1.7%) 19 (31.7%)
COPD No (n = 4769) 1428 (29.9%) 2205 (46.2%) 88 (1.9%) 1048 (22.0%) 0.51


Yes (n = 239) 66 (28.7%) 117 (50.9%) 3 (1.3%) 44 (19.1%)
CHF No (n = 4975) 1486 (29.9%) 2310 (46.4%) 91 (1.8%) 1088 (21.9%) 0.83


Yes (n = 24) 8 (33.3%) 12 (50.0%) 0 (0%) 4 (16.7%)
Hypertension No (n = 2452) 779 (31.8%) 1103 (45.0%) 48 (2.0%) 522 (21.3%) 0.03


Yes (n = 2547) 715 (28.1%) 1219 (47.9%) 43 (1.7%) 570 (22.4%)
Chemotherapy No (n = 4838) 1437 (29.7%) 2256 (46.6%) 91 (1.9%) 1054 (21.8%) 0.11


Yes (n = 161) 57 (35.4%) 66 (41.0%) 0 (0%) 38 (23.6%)
Disseminated cancer No (n = 4798) 1442 (30.1%) 2237 (46.6%) 91 (1.9%) 1028 (21.4%) 0.002


Yes (n = 201) 52 (25.9%) 85 (42.3%) 0 (0%) 64 (31.8%)
Chronic steroid use No (n = 4869) 1460 (30.0%) 2259 (46.4%) 91 (1.9%) 1059 (21.8%) 0.27


Yes (n = 130) 34 (26.2%) 63 (48.5%) 0 (0%) 33 (25.4%)
Weight loss No (n = 4872) 1456 (29.9%) 2267 (46.5%) 90 (1.9%) 1059 (21.7%) 0.56


Yes (n = 127) 38 (29.9%) 55 (43.3%) 1 (0.8%) 33 (26.0%)
Bleeding disorder No (n = 4873) 1464 (30.0%) 2261 (46.4%) 90 (1.9%) 1058 (21.7%) 0.26


Yes (n = 126) 30 (23.8%) 61 (48.4%) 1 (0.8%) 34 (27.0%)
Serum albumin, mg/dL <3.4 (n = 2761) 794 (28.8%) 1283 (46.5%) 53 (1.9%) 631 (22.9%) 0.004


≥3.4 (n = 278) 86 (30.9%) 111 (39.9%) 2 (0.7%) 79 (28.4%)
Not checked (n = 1960) 614 (31.3%) 928 (47.4%) 36 (1.8%) 382 (19.5%)


ASA classification 1–3 (n = 4867) 1462 (30.0%) 2256 (46.4%) 89 (1.8%) 1060 (21.8%) 0.52
4 (n = 132) 32 (24.2%) 66 (50.0%) 2 (1.5%) 32 (24.2%)


CHF indicates congestive heart failure.


Thirty-day readmission rates and median postoperative lengths
of hospitalization are demonstrated in Table 3. Compared to patients
in the No Prep group, patients receiving MBP + OAP required a
significantly shorter median length of postoperative hospitalization
and were less likely to require readmission for a postoperative occur-
rence related to their index operation. The lengths of postoperative
hospitalization and procedure-related hospital readmission rates for
patients in the MBP only and Oral antibiotics only groups did not dif-
fer from those of patients in the No Prep group after risk adjustment
(Table 3).


DISCUSSION
In this study, we assessed the impact of preoperative bowel


preparation on 30-day outcomes after elective colorectal resection
using data from the recently released 2012 Colectomy-Targeted ACS


NSQIP database. We found that patients who received combined
MBP + OAP sustained a significantly lower incidence of postopera-
tive incisional SSI, anastomotic leakage, and mortality compared to
patients who received no preoperative bowel preparation. Patients in
the MBP + OAP group of our study also had a significantly shorter
length of postoperative hospitalization and a lower incidence of sub-
sequent procedure-related hospital readmission than patients in the
No Prep group. On the contrary, we did not find preoperative admin-
istration of either mechanical or oral antibiotics cleansing alone to
significantly decrease the incidence of postoperative infections com-
plications. Taken together, these findings provide strong support for
the routine utilization of combined MBP and OAP in patients who
are scheduled to undergo elective colorectal resection.


Although prospective randomized evaluation remains the op-
timal method for determining the potential efficacy of any health care
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TABLE 2. Intraoperative Characteristics of Patients Undergoing Elective Colorectal Resection, Stratified by Preoperative Bowel
Preparation Status


Preoperative Bowel Preparation


Intraoperative Characteristics MBP + OAP MBP Only OAP Only No Prep P


No. patients 1494 (29.9%) 2322 (46.5%) 91 (1.8%) 1092 (21.8%) n/a
Indication


Colon cancer (n = 2764) 752 (27.2%) 1294 (46.8%) 46 (1.7%) 672 (24.3%) <0.001
Nonmalignant polyp (n = 908) 253 (27.9%) 404 (44.5%) 18 (2.0%) 233 (25.6%)
Chronic diverticulitis (n = 1327) 489 (36.9%) 624 (47.0%) 27 (2.0%) 187 (14.1%)


Approach
Laparoscopic (n = 3546) 1113 (31.4%) 1671 (47.1%) 59 (1.7%) 703 (19.8%) <0.001
Open (n = 1129) 280 (24.8%) 518 (45.9%) 26 (2.3%) 305 (27.0%)
Conversion to open (n = 324) 101 (31.2%) 133 (41.1%) 6 (1.9%) 84 (25.9%)


Incisional wound classification
Clean/Clean contaminated (n = 4608) 1362 (29.6%) 2141 (46.5%) 80 (1.7%) 1025 (22.2%) 0.03
Contaminated (n = 391) 132 (33.8%) 181 (46.3%) 11 (2.8%) 67 (17.1%)


Low pelvic anastomosis
No (n = 3837) 1199 (31.3%) 1691 (44.1%) 69 (1.8%) 878 (22.9%) <0.001
Yes (n = 1162) 295 (25.4%) 631 (54.3%) 22 (1.9%) 214 (18.4%)


Operative time (quartile)
1st (n = 1302) 357 (27.4%) 602 (46.2%) 20 (1.5%) 323 (24.8%) 0.006
2nd (n = 1295) 393 (30.4%) 593 (45.8%) 29 (2.2%) 280 (21.6%)
3rd (n = 1263) 408 (32.3%) 559 (44.3%) 28 (2.2%) 268 (21.2%)
4th (n = 1139) 336 (29.5%) 568 (49.9%) 14 (1.2%) 221 (19.4%)


Total WRVU (quartile)
1st (n = 1220) 313 (25.7%) 555 (45.5%) 25 (2.1%) 327 (26.8%) <0.001
2nd (n = 1445) 560 (38.8%) 567 (39.2%) 21 (1.5%) 297 (20.6%)
3rd (n = 1274) 334 (26.2%) 688 (54.0%) 24 (1.9%) 228 (17.9%)
4th (n = 1060) 287 (27.1%) 512 (48.3%) 21 (2.0%) 240 (22.6%)


Abbreviations: WRVU, work relative value unit.


FIGURE 1. Thirty-day postoperative incisional
SSI rate for patients undergoing elective col-
orectal resection, stratified by preoperative
bowel preparation status. AOR (95% confi-
dence interval) of incisional SSI compared to
Reference group after adjustment for other
variables, which maintained univariate associa-
tion with outcome at P < 0.20 level (including
body mass index, diabetes mellitus, ongoing
tobacco use, COPD, hypertension, chemother-
apy, disseminated cancer, weight loss, pre-
operative serum albumin, surgical approach,
incisional wound classification, operative time,
index operation total work relative value units,
and low pelvic anastomosis); c-statistic for re-
gression model = 0.7182; Hosmer-Lemeshow
statistic 7.91 (P = 0.4428). AOR indicates ad-
justed odds ratio.


intervention, such evaluation has thus far failed to identify which
bowel preparation is optimal for patients undergoing elective col-
orectal resection, or if bowel preparation is even needed. The most
frequent comparison made in published trials has been between pa-
tients who receive preoperative MBP (without oral antibiotics) and
patients who receive no preparation. Such trials have consistently
failed to demonstrate that MBP alone provides any protection against
the risk of SSI or anastomotic leakage after colorectal surgery.3–7 In
our analysis, there were no significant differences between the MBP
only and No Prep groups in any of the primary or secondary outcome
variables assessed. Our study therefore supports the conclusion drawn
from randomized trials that preoperative MBP alone should not be
performed.


Another common focus of previous randomized comparison
has been to determine whether the preoperative OAP is needed in pa-
tients who receive systemic antibiotic prophylaxis immediately before
their colorectal operation.16–18 In general, both groups of patients in
such trials (those receiving both OAP and systemic antibiotics versus
those receiving systemic antibiotics alone) have received preopera-
tive mechanical cleansing. Although not uniform, the results from
such trials have suggested that the addition of oral antibiotic was
associated with a significant reduction in incisional SSI rates, but
not in the incidence of postoperative organ/space SSI or anastomotic
leakage.16–18


To our knowledge, no prospective trials have yet been per-
formed in which colectomy patients are randomized to receive
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FIGURE 2. Thirty-day postoperative anasto-
motic leak rate for patients undergoing elec-
tive colorectal resection, stratified by preopera-
tive bowel preparation status. AOR (95% con-
fidence interval) of postoperative anastomotic
leak compared to Reference group after adjust-
ment for other variables which maintained uni-
variate association with outcome at P < 0.20
level (including sex, body mass index, ongoing
tobacco use, COPD, hypertension, chemother-
apy, disseminated cancer, ASA physical status
classification, indication for operation, surgical
approach, incisional wound classification, op-
erative time, index operation total work rel-
ative value units, and low pelvic anastomo-
sis); c-statistic for regression model = 0.6978;
Hosmer-Lemeshow statistic 5.27 (P = 0.7288).
AOR indicates adjusted odds ratio.


FIGURE 3. Thirty-day postoperative mortality
rate for patients undergoing elective colorec-
tal resection, stratified by preoperative bowel
preparation status. AOR (95% confidence in-
terval) of postoperative death compared to Ref-
erence group after adjustment for other vari-
ables which maintained univariate association
with outcome at P < 0.20 level (including pa-
tient age, body mass index, diabetes melli-
tus, COPD, hypertension, disseminated cancer,
chronic steroid usage, weight loss, bleeding
disorder, preoperative serum albumin, indi-
cation for procedure, surgical approach, op-
erative time, index operation total work rel-
ative value units, and low pelvic anastomo-
sis); c-statistic for regression model = 0.8584;
Hosmer-Lemeshow statistic 2.72 (P = 0.9506).
AOR indicates adjusted odds ratio.


TABLE 3. 30-Day Postoperative Length of Hospitalization and Readmission Rate for Patients Undergoing Elective Colectomy
Resection, Stratified by Preoperative Bowel Preparation Status


Preoperative Bowel Preparation
Secondary Outcome
Variable Both (n = 1536) Mechanical Only (n = 2382) Oral Antibiotics Only (n = 95) None (n = 1120)


Postoperative length of
hospitalization, median (IQR), d


4 (3–5) 4 (3–6) 4 (4–6) 5 (4–7)


Adjusted beta-coefficient∗ (95% CI) −0.08 (−0.11, −0.04) P < 0.001 −0.02 (−0.05, 0.01) P = 0.19 −0.02 (−0.10, 0.07) P = 0.71 Reference
30-day hospital readmission 80 (5.4%) 149 (6.4%) 3 (3.3%) 86 (7.9%)
Adjusted odds ratio†


(95% CI)
0.72 (0.52, 0.99) P = 0.04 0.81 (0.61, 1.08) P = 0.15 0.41 (0.13, 1.34) P = 0.14 Reference


∗Adjusted beta coefficient (95% confidence interval of logarithmic transformation of postoperative length of hospitalization compared to Reference group after adjustment for
other variables which maintained univariate association with outcome at P < 0.20 level (including age, sex, race/ethnicity, body mass index, diabetes mellitus, functional health status,
COPD, congestive heart failure, hypertension, chemotherapy, disseminated cancer, chronic steroid use, weight loss, bleeding disorder, preoperative serum albumin, ASA physical status
classification, indication for operation, surgical approach, incisional wound classification, operative time, and index operation total work relative value units); adjusted R2 for regression
model = 0.1929.


†Adjusted odds ratio (95% confidence interval) of readmission compared to Reference group after adjustment for other variables, which maintained univariate association with
outcome at P < 0.20 level (including body mass index, COPD, hypertension, chemotherapy, disseminated cancer, bleeding disorder, preoperative serum albumin, indication for
operation, surgical approach, operative time, index operation total work relative value units, and low pelvic anastomosis); c-statistic for regression model = 0.6315; Hosmer-Lemeshow
statistic 5.78 (P = 0.6717).
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either combined MBP and OAP or no bowel preparation.19 How-
ever, the conclusions from 2 recently published observational studies
of multicenter data sources do appear to support an outcome benefit
for combined preparation. In one of these studies, Cannon et al20


assessed the outcomes of 9940 patients from the Veterans Affairs
Surgical Quality Improvement Program (VASQIP) who underwent
elective colorectal resection at a VA hospital from 2005 to 2009. The
authors stratified patients into 1 of 4 bowel preparation groups using
the same classification system as our study. Because VASQIP does
not include prospectively collected information about preoperative
bowel preparation status, the authors linked patient preoperative and
outcome data from VASQIP to the Veterans Affairs Surgical Care
Improvement Project and Pharmacy Benefits Management data in
an effort to infer what type of bowel preparation, if any, the pa-
tients in their study received. The authors found that patients who
were prescribed both MBP and OAP before their operation sustained
a significant lower incidence of postoperative SSI compared to pa-
tients who received no bowel preparation.20 A subsequent analysis
of this same population demonstrated significant reductions in the
length of postoperative hospitalization and rate of readmission for
patients receiving oral antibiotics compared to patients who received
no bowel preparation.21 The second study, performed by Kim et al14


using prospectively collected data from 24 Michigan hospitals in
the Michigan Surgical Quality Collaborative (MSQC), compared the
postoperative outcomes of 1363 patients undergoing elective colon
resection after receiving a combined bowel preparation to those of
1112 patients who received no preparation. These authors found the
utilization of a combined preparation to be associated with a signif-
icant reduction in the incidence of superficial SSI and organ/space
SSI. The authors did not include anastomotic leakage or parameters
of health care resource utilization in their assessment of outcomes.


Our study strengthens the conclusions drawn from the VASQIP
and MSQC studies in several important ways. First, information
about preoperative bowel preparation that is contained within the
2012 Colectomy-Targeted ACS NSQIP PUF and therefore used in
our analysis was prospectively collected by trained clinical review-
ers rather than retrospectively inferred from pharmacy prescription
records (as was the case in the VASQIP study by Cannon et al).20 Sec-
ond, unlike the VASQIP study, we have specifically excluded those pa-
tients who received an ostomy during their index colorectal operation
from our analysis, obviating any concern about the confounding in-
fluence that protective ostomy creation may have on postoperative
outcomes. Third, a large number of hospitals from across the United
States contributed data to the 2012 Colectomy-Targeted PUF. Al-
though the specific characteristics of these participating centers has
not been published, the results of our analysis nevertheless suggest
that the conclusions drawn from the MSQC with respect to the as-
sociation between preoperative bowel preparation and postoperative
SSI can indeed be generalized to centers outside of that region.14,22


Finally, our assessment of postoperative outcomes included not only
incisional SSI but also the incidence of anastomotic leakage and
markers of health care resource utilization. For this reason, our study
represents the most comprehensive assessment to date of the im-
pact of preoperative bowel preparation on outcomes after colorectal
resection.


Given the clear advantage demonstrated for combined bowel
preparation over no preparation for each of the outcome parameters
assessed in our study, it is potentially disturbing that only a minor-
ity of patients who undergo elective colorectal resection currently
receive a combined preparation. In our own study, and in the afore-
mentioned analyses of VASQIP and MSQC data, only approximately
one third of patients undergoing elective colorectal resection received
combined preoperative bowel preparation.20,21 A survey of members
of the American Society of Colon and Rectal Surgeons published


in 2010 also showed that only 36% of respondents always utilized
OAP, whereas 55% of respondents never used such preparations.2


Conversely, 46.5% of the patients from our national data source re-
ceived preoperative MBP without concomitant oral antibiotics. It is
possible that the large number of trials, which have demonstrated
no outcome benefit for isolated MBP, have been misinterpreted by
surgeons as also pertaining to OAP. Practice guidelines that strongly
discourage the utilization of MBP (without any consideration given
to the possibility that mechanical cleansing may improve the efficacy
of oral antibiotics) may further perpetuate such misinterpretation.10


Regardless of the specific reasons, the current bowel preparation
practice patterns exhibited for surgeons who perform elective col-
orectal resection cannot be supported by the evidence that is currently
available.


Although our analysis supports the routine utilization of com-
bined MBP and OAP before elective colorectal resection, several
important questions remain. The first is whether the beneficial ef-
fects of preoperative oral antibiotic administration can be achieved
without concomitant mechanical bowel cleansing. To date, no ran-
domized trials have addressed this question. In our own analysis, the
number of patients who received OAP alone (without concomitant
MBP) was relatively small. For this reason, our comparison of the
outcomes of these patients with those of patients in the No Prep
group is subject to type II error. Further prospective evaluation would
help to clarify whether mechanical cleansing is a necessary adjunct
to OAP. Such evaluation may be merited, because prior studies have
demonstrated that MBP may be distressing to some patients and
is not without its share of potential adverse effects.9,23 A second
area potentially deserving of further study is whether the adminis-
tration of oral antibiotics before elective colon resection increases a
patient’s risk of postoperative Clostridium difficile colitis. Although
this possibility has been suggested by some, other studies that have
included C. difficile infection as an outcome parameter have failed
to show a significant association with preoperative oral antibiotic
administration.22,24


Our study has several important limitations. First, we cannot
verify that the patients included in our analysis received timely admin-
istration of systemic antibiotics immediately before their colectomy
procedure and therefore cannot exclude the possibility that potential
variation in the administration of such prophylaxis among the groups
of our study may have influenced the outcomes of patients within
those groups. However, evidence suggests that the practice of sys-
temic intravenous antibiotic administration before colorectal surgery
has become nearly ubiquitous.2,25 We therefore think it reasonable
to assume that a large majority of patients who were included in our
analysis did receive appropriate intravenous antibiotic prophylaxis. A
second limitation is our lack of knowledge regarding which type of
MBP and/or OAP were administered to the patients in our study pop-
ulation. However, we do know that patients in our data source were
not considered to have undergone MBP if they received only enemas
and suppositories, or if their mechanical cleansing was noted to be
incomplete. Third, we cannot exclude the possibility that other factors
not tracked by ACS NSQIP may have contributed to our findings, or
that selection bias might have accounted for the intergroup variation
in postoperative outcomes that we observed. Finally, we are not able
to determine the extent or laterality of the colon resections that were
received by the patients in our study. For this reason, we cannot de-
termine whether the relative advantages that we have demonstrated
for combined preoperative bowel preparation pertain equally to right-
and left-sided colon resections.


CONCLUSIONS
Despite these limitations, the findings of our analysis provide


clear support for the routine combined administration of MBP and
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OAP before elective colorectal resection. In the absence of random-
ized comparison of OAP alone with OAP and MBP, the utilization
of combined preoperative bowel preparations should be considered a
standard of care for patients undergoing elective colectomy.
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Surgeon Pre-Op Questions and Dictation Cues for ISQIC SSI Bundle 


Pre-Op: 


• Did the patient complete mechanical bowel prep the day prior to surgery? 


• Did the patient complete oral antibiotics the day prior to surgery? 


• Did the patient complete CHG skin cleansing the night before surgery? 


• Did the patient complete CHG skin cleansing morning of surgery? 


• Is the patient diabetic? 


• If diabetic, is day-of-surgery pre-op glucose < 200 mg/dL 


Intra-Op 


• IV antibiotics (name, dose) administered prior to incision 


• IV antibiotics (name, dose) re-dosing interval 


• Skin preparation solution used 


• Hair removal method (i.e. clipped) 


• Wound protector used 


• If diabetic, was 2 hours intra-op blood sugar ≤200 mg/dl 


• Re-gown, re-glove, re-drape immediately before fascia/skin closure 


• Clean skin closure instruments used 


• Dressing used 


• Proper wound classification 


Version 1 – August 11, 2016 








Define – Project Team Members
Ownership, Accountability, and Role Definition are critical 


elements of creating a successful team


Executive 
Sponsor Sponsors Improvement 


Leader Team Members


Responsibility:


• Overall 
guidance and 
accountability


• Organizational  
barriers 


• Strategic 
oversight


Responsibility:


•Timely and 
successful 
implementation


• Departmental 
Barriers


• Tactical 
oversight


Responsibility: 


• Intervention 
implementation


• Improvement 
measurement


• Process 
sustainment 


Process        
Owner


Responsibility: 


• DMAIC methodology 
expert


• Project management/ 
deliverable completion


• Transition 
accountability to 
Process Owner


Responsibility:


• Significant and focused 
contributions 


• Idea generation 


• Data collection and 
analytics


Clinical 
Sponsor


Responsibility:


• Clinical 
consensus on 
guidelines, 
protocols, and 
other clinical 
decisions







1. Provides overall guidance and accountability for the project
2. Maintains close contact and meets monthly with the Sponsor 


and Improvement Leader
3. Approves project charter
4. Reviews project progress
5. Addresses project barriers
6. Key decision-maker for approval of final recommendations
7. Participates in Improvement Council
8. Provides Strategic Oversight


Role of the Executive Sponsor


Appendix – Project Team Members
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1. Accountable for timely and successful implementation of project
2. Maintains close contact and meets weekly with the Improvement 


Leader
3. Helps charter the project
4. Reviews progress
5. Addresses project barriers
6. May be a key decision-maker for approval of final recommendations
7. Participates in Improvement Council
8. Provides Tactical Oversight


Role of the Project Sponsor


Appendix – Project Team Members
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1. Accountable for reaching clinical consensus on guidelines, 
protocols, and other clinical decisions


2. Typically a physician or clinician


Role of Clinical / Academic Sponsor


Appendix – Project Team Members
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1. DMAIC methodology expert
2. Accountable for using DMAIC to manage the project and 


complete all deliverables in a timely manner
3. Partners with Process Owner and all project constituents 
4. Ensures that all project goals are met on time and on budget
5. As project approaches Control, manages the process outputs and 


transitions to the Process Owner
6. Participates in Improvement Council


Role of the Improvement Leader


Appendix – Project Team Members
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1. Accountable for implementing, controlling, and measuring the 
project outputs and improvements


2. Works side-by-side with the Improvement Leader
3. Fully understands the project plan, deliverables, and goals
4. Participates in Improvement Council


Role of the Process Owner


Appendix – Project Team Members
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1. Makes a significant and focused contribution to the timely and 
successful implementation of the project


2. Contributes ideas and significantly impact the direction of the 
project


3. May often be involved in the data collection and analytics


Role of Team Members


Appendix – Project Team Members
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1. Likely to be affected, positively or negatively, by the outcomes 
you want 


2. In a position to assist or block achievement of the outcomes
3. Experts or special resources that could substantially affect the 


quality of your end product/service
4. Can have influence over other stakeholders


Role of Stakeholders


Appendix – Project Team Members


8





		Define – Project Team Members

		Appendix – Project Team Members

		Appendix – Project Team Members

		Appendix – Project Team Members

		Appendix – Project Team Members

		Appendix – Project Team Members

		Appendix – Project Team Members

		Appendix – Project Team Members






ASHP RePoRt Antimicrobial prophylaxis


195Am J Health-Syst Pharm—Vol 70  Feb 1, 2013


A S H P  r e P o r t


Clinical practice guidelines for antimicrobial 
prophylaxis in surgery


Dale W. Bratzler, e. Patchen Dellinger, Keith M. Olsen, trish M. Perl, Paul g. auWaerter,  
Maureen K. BOlOn, DOuglas n. Fish, lena M. naPOlitanO, rOBert g. saWyer, DOuglas slain, 


JaMes P. steinBerg, anD rOBert a. Weinstein


Am J Health-Syst Pharm. 2013; 70:195-283


These guidelines were developed 
jointly by the American Society 
of Health-System Pharmacists 


(ASHP), the Infectious Diseases So-
ciety of America (IDSA), the Surgi-
cal Infection Society (SIS), and the 
Society for Healthcare Epidemiology 
of America (SHEA). This work rep-
resents an update to the previously 
published ASHP Therapeutic Guide-
lines on Antimicrobial Prophylaxis in 
Surgery,1 as well as guidelines from 
IDSA and SIS.2,3 The guidelines are 
intended to provide practitioners 
with a standardized approach to the 
rational, safe, and effective use of 
antimicrobial agents for the preven-
tion of surgical-site infections (SSIs) 
based on currently available clinical 
evidence and emerging issues. 


Dale W. Bratzler, D.O., M.P.H., is Professor and Associate Dean, 
College of Public Health, and Professor, College of Medicine, Okla-
homa University Health Sciences Center, Oklahoma City. e. Patchen 
Dellinger, M.D., is Professor and Vice Chairman, Department 
of Surgery, and Chief, Division of General Surgery, University of 
Washington, Seattle. Keith M. Olsen, PharM.D., FCCP, FCCM, is 
Professor of Pharmacy Practice, Nebraska Medical Center, Omaha. 
trish M. Perl, M.D., M.sc., is Professor of Medicine, Pathology, 
and Epidemiology, Johns Hopkins University (JHU), and Senior 
Epidemiologist, The Johns Hopkins Health System, Baltimore, 
MD. Paul g. auWaerter, M.D., is Clinical Director and Associate 
Professor, Division of Infectious Diseases, School of Medicine, JHU. 
Maureen K. BOlOn, M.D., M.S., is Associate Professor of Medi-
cine, Division of Infectious Diseases, Feinberg School of Medicine, 
Northwestern University, Chicago, IL. DOuglas n. Fish, PharM.D., 
FCCM, FCCP, BCPS, is Professor and Chair, Department of Clinical 
Pharmacy, University of Colorado, Anschultz Medical Campus, and 


Clinical Specialist, Critical Care/Infectious Diseases, Department of 
Pharmacy Services, University of Colorado Hospital, Aurora. lena 
M. naPOlitanO, M.D., FACS, FCCP, FCCM, is Professor of Surgery 
and Division Chief, Acute Care Surgery, Trauma, Burn, Critical Care, 
Emergency Surgery, and Associate Chair of Surgery, Critical Care, 
Department of Surgery, and Director, Surgical Critical Care, Uni-
versity of Michigan Health System, Ann Arbor. rOBert g. saWyer, 
M.D., FACS, FIDSA, FCCM, is Professor of Surgery, Public Health 
Sciences, and Chief, Division of Acute Care, Surgery and Outcomes 
Research, University of Virginia Health System, Charlottesville, 
VA. DOuglas slain, PharM.D., BCPS, FCCP, FASHP, is Associate 
Professor of Pharmacy and Medicine, West Virginia University, Mor-
gantown. JaMes P. steinBerg, M.D., is Professor of Medicine, Divi-
sion of Infectious Diseases, Emory University, Atlanta, GA. rOBert a.  
Weinstein, M.D., is C. Anderson Hedberg MD Professor of Internal 
Medicine, Rush Medical College, Chicago, and Chairman, Department 
of Medicine, Cook County Health and Hospital System, Chicago.


Prophylaxis refers to the preven-
tion of an infection and can be char-
acterized as primary prophylaxis, 
secondary prophylaxis, or eradica-
tion. Primary prophylaxis refers to 
the prevention of an initial infection. 
Secondary prophylaxis refers to the 
prevention of recurrence or reactiva-
tion of a preexisting infection. Eradi-
cation refers to the elimination of a 
colonized organism to prevent the 
development of an infection. These 
guidelines focus on primary periop-
erative prophylaxis. 


Guidelines development and use 
Members of ASHP, IDSA, SIS, and 


SHEA were appointed to serve on an 
expert panel established to ensure 
the validity, reliability, and utility 


of the revised guidelines. The work 
of the panel was facilitated by fac-
ulty of the University of Pittsburgh 
School of Pharmacy and University 
of Pittsburgh Medical Center Drug 
Use and Disease State Management 
Program who served as contract re-
searchers and writers for the project. 
Panel members and contractors were 
required to disclose any possible con-
flicts of interest before their appoint-
ment and throughout the guideline 
development process. Drafted docu-
ments for each surgical procedural 
section were reviewed by the expert 
panel and, once revised, were avail-
able for public comment on the 
ASHP website. After additional revi-
sions were made to address reviewer 
comments, the final document was 
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approved by the expert panel and 
the boards of directors of the above-
named organizations.


Strength of evidence and grading 
of recommendations. The primary 
literature from the previous ASHP 
Therapeutic Guidelines on Antimi-
crobial Prophylaxis in Surgery1 was 
reviewed together with the primary 
literature published between the date 
of the previous guidelines, 1999, and 
June 2010, identified by searches 
of MEDLINE, EMBASE, and the 
Cochrane Database of Systematic 
Reviews. Particular attention was 
paid to study design, with greatest 
credence given to randomized, con-
trolled, double-blind studies. There 
is a limited number of adequately 
powered randomized controlled 
trials evaluating the efficacy of an-
timicrobial prophylaxis in surgical 
procedures. Guidelines develop-
ment included consideration of the 
following characteristics: validity, 
reliability, clinical applicability, flex-
ibility, clarity, and a multidisciplinary 
nature as consistent with ASHP’s 
philosophy on therapeutic guide-
lines.4 The limitations of the evidence 
base are noted within each individual 
procedure section of the guidelines. 
Published guidelines with recommen-
dations by experts in a procedure area 
(e.g., American College of Obstetri-
cians and Gynecologists [ACOG]) 
and noted general guidelines (e.g., 
Centers for Disease Control and 
Prevention [CDC], Scottish Intercol-


legiate Guidelines Network, Medical 
Letter, SIS, SHEA/IDSA) were also 
considered.2,3,5-11 


Recommendations for the use of 
antimicrobial prophylaxis are graded 
according to the strength of evidence 
available. The strength of evidence 
represents only support for or against 
prophylaxis and does not apply to 
the antimicrobial agent, dose, or 
dosage regimen. Studies supporting 
the recommendations for the use of 
antimicrobial therapy were classified 
as follows:


•	 Level	 I (evidence from large, well-
conducted, randomized, controlled 
clinical trials or a meta-analysis),


•	 Level	 II (evidence from small, well-
conducted, randomized, controlled 
clinical trials),


•	 Level	 III  (evidence from well- 
conducted cohort studies),


•	 Level	 IV  (evidence from well- 
conducted case–control studies),


•	 Level	V	(evidence	 from	uncontrolled	
studies that were not well conducted),


•	 Level	 VI (conflicting evidence that 
tends to favor the recommendation), 
or


•	 Level	VII (expert opinion or data ex-
trapolated from evidence for general 
principles and other procedures).


This system has been used by the 
Agency for Healthcare Research and 
Quality, and ASHP, IDSA, SIS, and 
SHEA support it as an acceptable 
method for organizing strength of 


evidence for a variety of therapeutic 
or diagnostic recommendations.4 
Each recommendation was cat-
egorized according to the strength 
of evidence that supports the use or 
nonuse of antimicrobial prophylaxis 
as category A (levels I–III), category 
B (levels IV–VI), or category C (level 
VII).


When higher-level data are not 
available, a category C recommen-
dation represents a consensus of 
expert panel members based on their 
clinical experience, extrapolation 
from other procedures with similar 
microbial or other clinical features, 
and available published literature. 
In these cases, the expert panel also 
extrapolated general principles and 
evidence from other procedures. 
Some recommendations include al-
ternative approaches in situations in 
which panel member opinions were 
divided.


A major limitation of the available 
literature on antimicrobial prophy-
laxis is the difficulty in establishing 
significant differences in efficacy 
between prophylactic antimicrobial 
agents and controls (including place-
bo, no treatment, or other antimicro-
bial agents) due to study design and 
low SSI rates for most procedures. A 
small sample size increases the likeli-
hood of a Type II error; therefore, 
there may be no apparent difference 
between the antimicrobial agent and 
placebo when in fact the antimicro-
bial has a beneficial effect.12 A valid 
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study is placebo controlled and ran-
domized with a sufficient sample in 
each group to avoid a Type II error. 
Of note, prophylaxis is recommend-
ed in some cases due to the severity 
of complications of postoperative in-
fection (e.g., an infected device that 
is not easily removable) necessitating 
precautionary measures despite the 
lack of statistical support.


Summary of key updates. These 
guidelines reflect substantial changes 
from the guidelines published in 
1999.1 Highlights of those changes 
are outlined here.


Preoperative-dose timing. The 
optimal time for administration of 
preoperative doses is within 60 min-
utes before surgical incision. This 
is a more-specific time frame than 
the previously recommended time, 
which was “at induction of anesthe-
sia.” Some agents, such as fluoro-
quinolones and vancomycin, require 
administration over one to two 
hours; therefore, the administration 
of these agents should begin within 
120 minutes before surgical incision.


Selection and dosing. Information 
is included regarding the approach 
to weight-based dosing in obese pa-
tients and the need for repeat doses 
during prolonged procedures.13-18 
Obesity has been linked to an in-
creased risk for SSI. The pharma-
cokinetics of drugs may be altered 
in obese patients, so dosage adjust-
ments based on body weight may 
be warranted in these patients. For 
all patients, intraoperative redosing 
is needed to ensure adequate serum 
and tissue concentrations of the 
antimicrobial if the duration of the 
procedure exceeds two half-lives of 
the drug or there is excessive blood 
loss during the procedure (Table 
1). Recommendations for selection 
of antimicrobial agents for specific 
surgical procedures and alternative 
agents (e.g., for patients with aller-
gies to b-lactam antimicrobials) are 
provided in Table 2.


Duration of prophylaxis. New rec-
ommendations for a shortened post-
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operative course of antimicrobials 
involving a single dose or continua-
tion for less than 24 hours are pro-
vided. Further clarity on the lack of 
need for postoperative antimicrobial 
prophylaxis based on the presence of 
indwelling drains and intravascular 
catheters is included.


Common principles. A section ad-
dressing concepts that apply to all 
types of surgical procedures has been 
added. Expanded and new recom-
mendations are provided for plastic, 
urology, cardiac, and thoracic pro-
cedures, as well as clarity on prophy-
laxis when implantable devices are 
inserted. The latest information on 
the use of mupirocin and on the role 
of vancomycin in surgical prophy-
laxis is summarized in these updated 
guidelines.


Application of guidelines to clini-
cal practice. Recommendations are 
provided for adult (age 19 years 
or older) and pediatric (age 1–18 
years) patients. These guidelines do 
not specifically address newborn 
(premature and full-term) infants. 
While the guidelines do not address 
all concerns for patients with renal 
or hepatic dysfunction, antimicrobial 
prophylaxis often does not need to 
be modified for these patients when 
given as a single preoperative dose 
before surgical incision.


The recommendations herein 
may not be appropriate for use in 
all clinical situations. Decisions to 
follow these recommendations must 
be based on the judgment of the clini-
cian and consideration of individual 
patient circumstances and available 
resources.


These guidelines reflect current 
knowledge of antimicrobial prophy-
laxis in surgery. Given the dynamic 
nature of scientific information and 
technology, periodic review, updat-
ing, and revisions are to be expected.


Special patient populations. Pe-
diatric patients. Pediatric patients 
undergo a number of procedures 
similar to adults that may warrant 
antimicrobial prophylaxis. Although Ta
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pediatric-specific prophylaxis data 
are sparse, available data have been 
evaluated and are presented in some 
of the procedure-specific sections 
of these guidelines. Selection of 
antimicrobial prophylactic agents 
mirrors that in adult guidelines, with 
the agents of choice being first- and 
second-generation cephalosporins, 
reserving the use of vancomycin for 
patients with documented b-lactam 
allergies.19,20 While the use of a pen-
icillin with a b-lactamase inhibitor 
in combination with cefazolin or 
vancomycin and gentamicin has also 
been studied in pediatric patients, 
the number of patients included in 
these evaluations remains small.20-23 
As with adults, there is little evidence 
supporting the use of vancomycin, 
alone or in combination with other 
antimicrobials, for routine perioper-
ative antimicrobial prophylaxis in in-
stitutions that have a high prevalence 
of methicillin-resistant Staphylococ-
cus aureus (MRSA). Vancomycin may 
be considered in children known 
to be colonized with MRSA and, in 
one retrospective historical cohort 
study, was shown to decrease MRSA 
infections.21 Mupirocin use has been 
studied in and is efficacious in chil-
dren colonized with MRSA, but there 
are limited data supporting its use 
perioperatively.24-30 However, there is 
little reason to think that the impact 
and effect would be any different in 
children, so its use may be justified. 
Additional studies in this setting are 
needed to establish firm guidelines. 


Unless noted in specific sections, 
all recommendations for adults 
are the same for pediatric patients, 
except for dosing. In most cases, 
the data in pediatric patients are 
limited and have been extrapolated 
from adult data; therefore, nearly 
all pediatric recommendations are 
based on expert opinion. In some 
sections, pediatric efficacy data do 
not exist and thus are not addressed 
in these guidelines. Fluoroquino-
lones should not be routinely used 
for surgical prophylaxis in pediatric 


patients because of the potential for 
toxicity in this population. The same 
principle of preoperative dosing 
within 60 minutes before incision has 
been applied to pediatric patients.20-23 
Additional intraoperative dosing 
may be needed if the duration of 
the procedure exceeds two half-lives 
of the antimicrobial agent or there 
is excessive blood loss during the 
procedure.19,21 As with adult patients, 
single-dose prophylaxis is usually 
sufficient. If antimicrobial prophy-
laxis is continued postoperatively, 
the duration should be less than 24 
hours, regardless of the presence of 
intravascular catheters or indwelling 
drains.19,22,23,31,32 There are sufficient 
pharmacokinetic studies of most 
agents to recommend pediatric dos-
ages that provide adequate systemic 
exposure and, presumably, efficacy 
comparable to that demonstrated in 
adults. Therefore, the pediatric dos-
ages provided in these guidelines are 
based largely on pharmacokinetic 
data and the extrapolation of adult 
efficacy data to pediatric patients. 
Because few clinical trials have been 
conducted in pediatric surgical pa-
tients, strength of evidence criteria 
have not been applied to these rec-
ommendations. With few exceptions 
(e.g., aminoglycoside dosages), pe-
diatric dosages should not exceed the 
maximum adult recommended dos-
ages. Generally, if dosages are calculat-
ed on a milligram-per-kilogram basis 
for children weighing more than 40 
kg, the calculated dosage will exceed 
the maximum recommended dosage 
for adults; adult dosages should there-
fore be used. 


Patients with prosthetic implants. 
For patients with existing prosthetic 
implants who undergo an invasive 
procedure, there is no evidence that 
antimicrobial prophylaxis prevents 
infections of the implant. However, 
updated guidelines from the Ameri-
can Heart Association (AHA) suggest 
that prophylaxis may be justified in 
a limited subset of patients for the 
prevention of endocarditis.11


Common principles and procedure-
specific guidelines. The Common 
Principles section has been devel-
oped to provide information com-
mon to many surgical procedures. 
These principles are general recom-
mendations based on currently avail-
able data at the time of publication 
that may change over time; therefore, 
these principles need to be applied 
with careful attention to each clinical 
situation. Detailed information per-
tinent to specific surgical procedures 
is included in the procedure-specific 
sections of these guidelines.


In addition to patient- and  
procedure-specific considerations, 
several institution-specific factors 
must be considered by practitioners 
before instituting these guidelines. 
The availability of antimicrobial 
agents at the institution may be re-
stricted by local antimicrobial-use 
policy or lack of approval for use by 
regulatory authorities. Medications 
that are no longer available or not ap-
proved for use by the Food and Drug 
Administration (FDA) are so noted. 
Local resistance patterns should also 
be considered in selecting antimicro-
bial agents and are discussed in the 
colonization and resistance patterns 
section of the Common Principles 
section. 


Requirements for effective 
surgical prophylaxis


Appendix A lists the wound clas-
sification criteria currently used by 
the CDC National Healthcare Safety 
Network (NHSN) and Healthcare 
Infection Control Practices Advisory 
Committee (HICPAC).33-35 


Criteria for defining an SSI have 
also been established by NHSN (Ap-
pendix B).8,36 These definitions as-
sist in evaluating the importance of 
providing antimicrobial prophylaxis 
and the potential consequences of 
infection, including the need for 
treatment. Some criteria vary slightly 
by procedure.


Although antimicrobial prophy-
laxis plays an important role in reduc-
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ing the rate of SSIs, other factors such 
as attention to basic infection-control 
strategies,37 the surgeon’s experience 
and technique, the duration of the 
procedure, hospital and operating-
room environments, instrument-
sterilization issues, preoperative prep-
aration (e.g., surgical scrub, skin 
antisepsis, appropriate hair removal), 
perioperative management (tempera-
ture and glycemic control), and the 
underlying medical condition of the 
patient may have a strong impact on 
SSI rates.5,8 These guidelines recognize 
the importance of these other factors 
but do not include a discussion of 
or any recommendations regarding 
these issues beyond the optimal use 
of prophylactic antimicrobial agents. 
Patient-related factors associated 
with an increased risk of SSI include 
extremes of age, nutritional status, 
obesity, diabetes mellitus, tobacco use, 
coexistent remote body-site infec-
tions, altered immune response, cor-
ticosteroid therapy, recent surgical 
procedure, length of preoperative 
hospitalization, and colonization 
with microorganisms. Antimicro-
bial prophylaxis may be justified for 
any procedure if the patient has an 
underlying medical condition as-
sociated with a high risk of SSI or if 
the patient is immunocompromised 
(e.g., malnourished, neutrope-
nic, receiving immunosuppressive 
agents). 


Antimicrobial prophylaxis may 
be beneficial in surgical procedures 
associated with a high rate of infec-
tion (i.e., clean-contaminated or 
contaminated procedures) and in 
certain clean procedures where there 
are severe consequences of infection 
(e.g., prosthetic implants), even if in-
fection is unlikely. While prophylac-
tic antimicrobials are not indicated 
for some clean surgical procedures,8 
available data suggest that the rela-
tive risk reduction of SSI from the 
use of antimicrobial prophylaxis is 
the same in clean and in higher-risk 
procedures.38 The decision to use 
prophylaxis depends on the cost of 


treating and the morbidity associ-
ated with infection compared with 
the cost and morbidity associated 
with using prophylaxis. Antimicrobial 
prophylaxis is justified for most clean-
contaminated procedures. The use of 
antimicrobial agents for dirty pro-
cedures (Appendix A) or established 
infections is classified as treatment of 
presumed infection, not prophylaxis. 
See the procedure-specific sections for 
detailed recommendations. 


Quality-improvement efforts. 
National, state, local, and institu-
tional groups have developed and 
implemented collaborative efforts to 
improve the appropriateness of sur-
gical antimicrobial prophylaxis. Vari-
ous process and outcomes measures 
are employed, and results are dis-
seminated. Institutional epidemiol-
ogy and infection-control programs, 
state-based quality-improvement 
campaigns (e.g., the Michigan Sur-
gical Quality Collaborative, the 
Washington State Surgical Clinical 
Outcomes Assessment Program39,40), 
CDC, NHSN, the National Surgical 
Quality Improvement Program, the 
Joint Commission, and the National 
Quality Forum have been instru-
mental in developing programs to 
prevent SSIs.


Over the past decade or more, 
several organizations, payers, and 
government agencies, including the 
Centers for Medicare and Medicaid 
Services (CMS), have established 
national quality-improvement initia-
tives to further improve the safety 
and outcomes of health care, includ-
ing surgery.41-47 One area of focus 
in these initiatives for patients un-
dergoing surgical procedures is the 
prevention of SSIs. The performance 
measures used, data collection and 
reporting requirements, and finan-
cial implications vary among the ini-
tiatives. The Surgical Care Improve-
ment Project (SCIP) began in 2002 
as the Surgical Infection Prevention 
(SIP) project, focusing on the tim-
ing, selection, and duration of pro-
phylactic antimicrobial agents.41,42 


The SIP project was expanded to 
SCIP to include additional process 
measures surrounding patient safety 
and care during surgical procedures, 
including glucose control, venous 
thromboembolism prophylaxis, hair 
removal, and temperature control. 
Similar measures have been adopted 
by the Joint Commission.43 The Phy-
sicians Quality Reporting System was 
established in 2006 to provide finan-
cial incentives to physicians meeting 
performance standards for quality 
measures, including surgery-related 
measures similar to those reported 
for SCIP and the Joint Commis-
sion.44 Data are required to be col-
lected by institutions and reported 
to payers.42,44,46 Data for CMS and the 
Physicians Quality Reporting System 
measures are displayed on public 
websites to allow consumers to com-
pare performance among hospitals. 
Institutional data collection and 
reporting are required, with financial 
incentives tied to performance to 
varying degrees, including payment 
for reporting, payment increases 
for meeting or exceeding minimum 
levels of performance, payment re-
duction for poor performance, and 
lack of payment for the development 
of surgical complications, such as 
mediastinitis. 


Quality-improvement initiatives 
and mandated performance report-
ing are subject to change, so readers 
of these guidelines are advised to 
consult their local or institutional 
quality-improvement departments 
for new developments in require-
ments for measures and data report-
ing that apply to their practice. 


Cost containment. Few pharma-
coeconomic studies have addresed 
surgical antimicrobial prophylaxis; 
therefore, a cost-minimization ap-
proach was employed in developing 
these guidelines. The antimicrobial 
agent recommendations are based 
primarily on efficacy and safety. In-
dividual institutions must consider 
their acquisition costs when imple-
menting these guidelines. 
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Additional cost savings may be 
realized through collaborative man-
agement by pharmacists and sur-
geons to select the most cost-effective 
agent and minimize or eliminate 
postoperative dosing.48-50 The use 
of standardized antimicrobial order 
sets, automatic stop-order programs, 
and educational initiatives has been 
shown to facilitate the adoption of 
guidelines for surgical antimicrobial 
prophylaxis.51-58


Common principles
Ideally, an antimicrobial agent 


for surgical prophylaxis should (1) 
prevent SSI, (2) prevent SSI-related 
morbidity and mortality, (3) reduce 
the duration and cost of health care 
(when the costs associated with the 
management of SSI are considered, 
the cost-effectiveness of prophylaxis 
becomes evident),51,52 (4) produce 
no adverse effects, and (5) have no 
adverse consequences for the mi-
crobial flora of the patient or the 
hospital.53 To achieve these goals, an 
antimicrobial agent should be (1) ac-
tive against the pathogens most likely 
to contaminate the surgical site, (2) 
given in an appropriate dosage and at 
a time that ensures adequate serum 
and tissue concentrations during the 
period of potential contamination, 
(3) safe, and (4) administered for the 
shortest effective period to minimize 
adverse effects, the development of 
resistance, and costs.8,59,60 


The selection of an appropriate 
antimicrobial agent for a specific 
patient should take into account the 
characteristics of the ideal agent, the 
comparative efficacy of the antimicro-
bial agent for the procedure, the safety 
profile, and the patient’s medication 
allergies. A full discussion of the safety 
profile, including adverse events, drug 
interactions, contraindications, and 
warnings, for each antimicrobial agent 
is beyond the scope of these guidelines. 
Readers of these guidelines should 
review the FDA-approved prescribing 
information and published data for 
specific antimicrobial agents before 


use. For most procedures, cefazolin 
is the drug of choice for prophylaxis 
because it is the most widely studied 
antimicrobial agent, with proven ef-
ficacy. It has a desirable duration of 
action, spectrum of activity against 
organisms commonly encountered 
in surgery, reasonable safety, and low 
cost. There is little evidence to suggest 
that broad-spectrum antimicrobial 
agents (i.e., agents with broad in vitro 
antibacterial activity) result in lower 
rates of postoperative SSI compared 
with older antimicrobial agents with 
a narrower spectrum of activity. How-
ever, comparative studies are limited 
by small sample sizes, resulting in dif-
ficulty detecting a significant differ-
ence between antimicrobial agents; 
therefore, antimicrobial selection is 
based on cost, safety profile, ease of ad-
ministration, pharmacokinetic profile, 
and bactericidal activity. 


Common surgical pathogens
The agent chosen should have 


activity against the most common 
surgical-site pathogens. The pre-
dominant organisms causing SSIs after 
clean procedures are skin flora, includ-
ing S. aureus and coagulase-negative 
staphylococci (e.g., Staphylococcus 
epidermidis).61 In clean-contaminated 
procedures, including abdominal pro-
cedures and heart, kidney, and liver 
transplantations, the predominant 
organisms include gram-negative rods 
and enterococci in addition to skin 
flora. Additional details on common 
organisms can be found in procedure-
specific sections of these guidelines.


Recommendations for the selec-
tion of prophylactic antimicrobials 
for various surgical procedures are 
provided in Table 2. Adult and pe-
diatric dosages are included in Table 
1. Agents that are FDA-approved for 
use in surgical antimicrobial prophy-
laxis include cefazolin, cefuroxime, 
cefoxitin, cefotetan, ertapenem, and 
vancomycin.62-67


Trends in microbiology. The 
causative pathogens associated with 
SSIs in U.S. hospitals have changed 


over the past two decades. Analysis of 
National Nosocomial Infections Sur-
veillance (NNIS) System data found 
that the percentage of SSIs caused by 
gram-negative bacilli decreased from 
56.5% in 1986 to 33.8% in 2003.68  
S. aureus was the most common 
pathogen, causing 22.5% of SSIs 
during this time period. NHSN data 
from 2006 to 2007 revealed that the 
proportion of SSIs caused by S. au-
reus increased to 30%, with MRSA 
comprising 49.2% of these isolates.61 
In a study of patients readmitted 
to U.S. hospitals between 2003 and 
2007 with a culture-confirmed SSI, 
the proportion of infections caused 
by MRSA increased significantly 
from 16.1% to 20.6% (p < 0.0001).69 


MRSA infections were associated 
with higher mortality rates, longer 
hospital stays, and higher hospital 
costs compared with other infections.


Spectrum of activity. Antimi-
crobial agents with the narrowest 
spectrum of activity required for 
efficacy in preventing infection are 
recommended in these guidelines. 
Alternative antimicrobial agents 
with documented efficacy are also 
listed herein. Individual health sys-
tems must consider local resistance 
patterns of organisms and overall 
SSI rates at their site when adopting 
these recommendations. Resistance 
patterns from organisms causing 
SSIs—in some cases procedure-
specific resistance patterns—should 
take precedence over hospitalwide 
antibiograms. 


Vancomycin. In 1999, HICPAC, 
an advisory committee to CDC and 
the Secretary of the Department of 
Health and Human Services, col-
laborated with other major organiza-
tions to develop recommendations 
for preventing and controlling van-
comycin resistance.70 The recom-
mendations are echoed by these and 
other guidelines.6,7,41,71 Routine use 
of vancomycin prophylaxis is not 
recommended for any procedure.8 
Vancomycin may be included in the 
regimen of choice when a cluster of 
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MRSA cases (e.g., mediastinitis after 
cardiac procedures) or methicillin-
resistant coagulase-negative staphy-
lococci SSIs have been detected at an 
institution. Vancomycin prophylaxis 
should be considered for patients 
with known MRSA colonization or 
at high risk for MRSA colonization in 
the absence of surveillance data (e.g., 
patients with recent hospitalization, 
nursing-home residents, hemodi-
alysis patients).5,41,72 In institutions 
with SSIs attributable to community- 
associated MRSA, antimicrobial 
agents with known in vitro activity 
against this pathogen may be consid-
ered as an alternative to vancomycin.


Each institution is encouraged 
to develop guidelines for the proper 
use of vancomycin. Although van-
comycin is commonly used when 
the risk for MRSA is high, data sug-
gest that vancomycin is less effective 
than cefazolin for preventing SSIs 
caused by methicillin-susceptible  
S. aureus (MSSA).73,74 For this reason, 
vancomycin is used in combination 
with cefazolin at some institutions 
with both MSSA and MRSA SSIs. 
For procedures in which pathogens 
other than staphylococci and strep-
tococci are likely, an additional agent 
with activity against those pathogens 
should be considered. For example, 
if there are surveillance data showing 
that gram-negative organisms are a 
cause of SSIs for the procedure, prac-
titioners may consider combining 
vancomycin with another agent (cef-
azolin if the patient does not have a 
b-lactam allergy; an aminoglycoside 
[gentamicin or tobramycin], aztreo-
nam, or single-dose fluoroquinolone 
if the patient has a b-lactam allergy). 
The use of vancomycin for MRSA 
prophylaxis does not supplant the 
need for routine surgical prophylaxis 
appropriate for the type of proce-
dure. When vancomycin is used, it 
can almost always be used as a single 
dose due to its long half-life. 


Colonization and resistance. A 
national survey determined that 
S. aureus nasal colonization in the 


general population decreased from 
32.4% in 2001–02 to 28.6% in 2003–
04 (p < 0.01), whereas the prevalence 
of colonization with MRSA increased 
from 0.8% to 1.5% (p < 0.05) during 
the same time periods.75 Coloniza-
tion with MRSA was independently 
associated with health care exposure 
among men, having been born in 
the United States, age of >60 years, 
diabetes, and poverty among women. 
Similarly, children are colonized with 
S. aureus and MRSA, but coloniza-
tion varies by age. Children under 5 
years of age have the highest rates, 
mirroring rates seen in patients over 
age 60 years.76 The rates drop in 
children between 5 and 14 years of 
age and gradually increase to rates 
seen in the adult population. Lo et 
al.77 reported that in a large cohort of 
children, 28.1% were colonized with 
S. aureus between 2004 and 2006. 
Between 2007 and 2009, 23.3% of 
children were colonized with S. au-
reus, but the proportion of children 
colonized with MRSA had increased 
from 8.1% in 2004 to 15.1% in 2009.


Surgical antimicrobial prophylaxis 
can alter individual and institutional 
bacterial flora, leading to changes 
in colonization rates and increased 
bacterial resistance.78-84 Surgical pro-
phylaxis can also predispose patients 
to Clostridium difficile-associated 
colitis.81 Risk factors for development 
of C. difficile-associated colitis include 
longer duration of prophylaxis or 
therapy and use of multiple antimicro-
bial agents.85 Limiting the duration of 
antimicrobial prophylaxis to a single 
preoperative dose can reduce the risk 
of C. difficile disease. 


The question of what antimicro-
bial surgical prophylaxis to use for 
patients known to be colonized or  
recently infected with multidrug-
resistant pathogens cannot be an-
swered easily or in a manner that 
can be applied uniformly to all 
patient scenarios. Whether prophy-
laxis should be expanded to provide 
coverage for these pathogens de-
pends on many factors, including the 


pathogen, its antimicrobial suscepti-
bility profile, the host, the procedure 
to be performed, and the proximity 
of the likely reservoir of the pathogen 
to the incision and operative sites. 
While there is no evidence on the 
management of surgical antimicro-
bial prophylaxis in a patient with 
past infection or colonization with a 
resistant gram-negative pathogen, it 
is logical to provide prophylaxis with 
an agent active against MRSA for any 
patient known to be colonized with 
this gram-positive pathogen who will 
have a skin incision; specific prophy-
laxis for a resistant gram-negative 
pathogen in a patient with past in-
fection or colonization with such 
a pathogen may not be necessary 
for a purely cutaneous procedure. 
Similarly, a patient colonized with 
vancomycin-resistant enterococci 
(VRE) should receive prophylaxis ef-
fective against VRE when undergoing 
liver transplantation but probably 
not when undergoing an umbilical 
hernia repair without mesh place-
ment. Thus, patients must be treated 
on a case-by-case basis, taking into 
account multiple considerations.


Patients receiving therapeutic 
antimicrobials for a remote infection 
before surgery should also be given 
antimicrobial prophylaxis before 
surgery to ensure adequate serum 
and tissue levels of antimicrobials 
with activity against likely pathogens 
for the duration of the operation. If 
the agents used therapeutically are 
appropriate for surgical prophylaxis, 
administering an extra dose within 
60 minutes before surgical incision 
is sufficient. Otherwise, the antimi-
crobial prophylaxis recommended 
for the planned procedure should be 
used. For patients with indwelling 
tubes or drains, consideration may 
be given to using prophylactic agents 
active against pathogens found in 
these devices before the procedure, 
even though therapeutic treatment 
for pathogens in drains is not in-
dicated at other times. For patients 
with chronic renal failure receiving 
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vancomycin, a preoperative dose of 
cefazolin should be considered in-
stead of an extra dose of vancomycin, 
particularly if the probable patho-
gens associated with the procedure 
are gram-negative. In most circum-
stances, elective surgery should be 
postponed when the patient has an 
infection at a remote site. 


Allergy to b-lactam antimicrobi-
als. Allergy to b-lactam antimicro-
bials may be a consideration in the 
selection of surgical prophylaxis. The 
b-lactam antimicrobials, including 
cephalosporins, are the mainstay of 
surgical antimicrobial prophylaxis 
and are also the most commonly im-
plicated drugs when allergic reac-
tions occur. Because the predominant 
organisms in SSIs after clean proce-
dures are gram-positive, the inclusion 
of vancomycin may be appropriate 
for a patient with a life-threatening 
allergy to b-lactam antimicrobials. 


Although true Type 1 (immuno-
globulin E [IgE]-mediated) cross-
allergic reactions between penicillins, 
cephalosporins, and carbapenems 
are uncommon, cephalosporins and 
carbapenems should not be used 
for surgical prophylaxis in patients 
with documented or presumed IgE- 
mediated penicillin allergy. Confu-
sion about the definition of true 
allergy among patients and practi-
tioners leads to recommendations 
for alternative antimicrobial therapy 
with the potential for a lack of ef-
ficacy, increased costs, and adverse 
events.86,87 Type 1 anaphylactic reac-
tions to antimicrobials usually occur 
30–60 minutes after administration. 
In patients receiving penicillins, this 
reaction is a life-threatening emer-
gency that precludes subsequent 
use of penicillins.88 Cephalosporins 
and carbapenems can safely be used 
in patients with an allergic reaction 
to penicillins that is not an IgE-
mediated reaction (e.g., anaphylaxis, 
urticaria, bronchospasm) or exfo-
liative dermatitis (Stevens-Johnson 
syndrome, toxic epidermal necroly-
sis), a life-threatening hypersensitiv-


ity reaction that can be caused by 
b-lactam antimicrobials and other 
medications.88,89 Patients should be 
carefully questioned about their 
history of antimicrobial allergies to 
determine whether a true allergy 
exists before selection of agents for 
prophylaxis. Patients with allergies to 
cephalosporins, penicillins, or both 
have been excluded from many clini-
cal trials. Alternatives to b-lactam 
antimicrobials are provided in Table 
2 based mainly on the antimicrobial 
activity profiles against predominant 
procedure-specific organisms and 
available clinical data. 


Drug administration
The preferred route of admin-


istration varies with the type of 
procedure, but for a majority of pro-
cedures, i.v. administration is ideal 
because it produces rapid, reliable, 
and predictable serum and tissue 
concentrations. 


Timing of initial dose. Successful 
prophylaxis requires the delivery of 
the antimicrobial to the operative site 
before contamination occurs. Thus, 
the antimicrobial agent should be 
administered at such a time to pro-
vide serum and tissue concentrations 
exceeding the minimum inhibitory 
concentration (MIC) for the prob-
able organisms associated with the 
procedure, at the time of incision, and 
for the duration of the procedure.41,90 
In 1985, DiPiro et al.91 demonstrated 
that higher serum and tissue cepha-
losporin concentrations at the time 
of surgical incision and at the end of 
the procedure were achieved when 
the drugs were given intravenously 
at the time of anesthesia induction 
compared with administration in the 
operating room. The average interval 
between antimicrobial administra-
tion and incision was 17–22 minutes91 
(Dellinger EP, personal communica-
tion, 2011 May).


A prospective evaluation of 1708 
surgical patients receiving antimicro-
bial prophylaxis found that preop-
erative administration of antimicro-


bials within 2 hours before surgical 
incision decreased the risk of SSI to 
0.59%, compared with 3.8% for early 
administration (2–24 hours before 
surgical incision) and 3.3% for any 
postoperative administration (any 
time after incision).92 In a study of 
2048 patients undergoing coronary 
bypass graft or valve replacement 
surgery receiving vancomycin pro-
phylaxis, the rate of SSI was lowest in 
those patients in whom an infusion 
was started 16–60 minutes before 
surgical incision.93 This time interval 
(16–60 minutes before incision) was 
compared with four others, and the 
rates of SSIs were significantly lower 
when compared with infusions given 
0–15 minutes before surgical inci-
sion (p < 0.01) and 121–180 minutes 
before incision (p = 0.037). The risk 
of infection was higher in patients 
receiving infusions 61–120 minutes 
before incision (odds ratio [OR], 
2.3; 95% confidence interval [CI], 
0.98–5.61) and for patients whose 
infusions were started more than 180 
minutes before surgical incision (OR, 
2.1; 95% CI, 0.82–5.62).93


In a large, prospective, multi-
center study from the Trial to Reduce 
Antimicrobial Prophylaxis Errors 
(TRAPE) study group, the timing, 
duration, and intraoperative redosing 
of antimicrobial prophylaxis and risk 
of SSI were evaluated in 4472 patients 
undergoing cardiac surgery, hyster-
ectomy, or hip or knee arthroplasty.94 
The majority of patients (90%) re-
ceived antimicrobial prophylaxis per 
the SCIP guidelines.41 Patients were 
assigned to one of four groups for 
analysis. Group 1 (n = 1844) received 
a cephalosporin (or other antimicro-
bial with a short infusion time) ad-
ministered within 30 minutes before 
incision or vancomycin or a fluoro-
quinolone within one hour before 
incision. Group 2 (n = 1796) received 
a cephalosporin 31–60 minutes be-
fore incision or vancomycin 61–120 
minutes before incision. Group 3 
(n = 644) was given antimicrobials 
earlier than recommended, and group 







ASHP RePoRt Antimicrobial prophylaxis


208 Am J Health-Syst Pharm—Vol 70  Feb 1, 2013


4 (n = 188) received their initial an-
timicrobial doses after incision. The 
infection risk was lowest in group 1 
(2.1%), followed by group 2 (2.4%) 
and group 3 (2.8%). The risk of infec-
tion was highest in group 4 (5.3%, 
p = 0.02 compared with group 1). 
When cephalosporins and other an-
timicrobials with short infusion times 
were analyzed separately (n = 3656), 
the infection rate with antimicrobi-
als administered within 30 minutes 
before incision was 1.6% compared 
with 2.4% when antimicrobials were 
administered 31–60 minutes before 
incision (p = 0.13). 


In a multicenter Dutch study of 
1922 patients undergoing total hip 
arthroplasty, the lowest SSI rate was 
seen in patients who received the 
antimicrobial during the 30 minutes 
before incision.95 The highest risk 
for infection was found in patients 
who received prophylaxis after the 
incision. 


It seems intuitive that the entire 
antimicrobial dose should be infused 
before a tourniquet is inflated or 
before any other procedure that re-
stricts blood flow to the surgical site 
is initiated; however, a study of total 
knee arthroplasties compared cefu-
roxime given 10–30 minutes before 
tourniquet inflation with cefuroxime 
given 10 minutes before tourniquet 
deflation and found no significant 
difference in SSI rates between the 
two groups.96 


Overall, administration of the 
first dose of antimicrobial beginning 
within 60 minutes before surgical in-
cision is recommended.41,94,97 Admin-
istration of vancomycin and fluoro-
quinolones should begin within 120 
minutes before surgical incision be-
cause of the prolonged infusion times 
required for these drugs. Because 
these drugs have long half-lives, this 
early administration should not com-
promise serum levels of these agents 
during most surgical procedures. 
Although the recent data summarized 
above suggest lower infection risk 
with antimicrobial administration 


beginning within 30 minutes before 
surgical incision, these data are not 
sufficiently robust to recommend 
narrowing the optimal window to 
begin infusion to 1–30 minutes before 
surgical incision. However, these data 
do suggest that antimicrobials can be 
administered too close to the time 
of incision. Although a few articles 
have suggested increased infection 
risk with administration too close 
to the time of incision,93,96,97 the data 
presented are not convincing. In fact, 
all of these articles confirm the in-
creased rate of SSI for antimicrobials 
given earlier than 60 minutes before 
incision. In one article, the infection 
rate for patients given an antimicro-
bial within 15 minutes of incision was 
lower than when antimicrobials were 
given 15–30 minutes before incision.97 
In another article, small numbers of 
patients were reported, and an asser-
tion of high infection rates for infu-
sion within 15 minutes of incision was 
made, but no numeric data or p values 
were provided.98 In a third article, 
only 15 of over 2000 patients received 
antimicrobials within 15 minutes be-
fore incision.93 Earlier studies found 
that giving antimicrobials within 20 
minutes of incision and as close as 7 
minutes before incision resulted in 
therapeutic levels in tissue at the time 
of incision.41,90,91,94,97,98


Dosing. To ensure that adequate 
serum and tissue concentrations of 
antimicrobial agents for prophylaxis 
of SSIs are achieved, antimicrobial-
specific pharmacokinetic and phar-
macodynamic properties and patient 
factors must be considered when 
selecting a dose. One of the earliest 
controlled studies of antimicrobial 
prophylaxis in cardiac surgery found 
a lower rate of infection in patients 
with detectable concentrations of the 
drug in serum at the end of surgery 
compared with patients in whom the 
drug was undetectable.99 In another 
study, higher levels of antimicrobial 
in atrial tissue at the time of starting 
the pump for open-heart surgery 
were associated with fewer infections 


than were lower antimicrobial con-
centrations.100 In patients undergo-
ing colectomy, infection levels were 
inversely related to the serum gen-
tamicin concentration at the time of 
surgical closure.17 In general, it seems 
advisable to administer prophylactic 
agents in a manner that will ensure 
adequate levels of drug in serum and 
tissue for the interval during which 
the surgical site is open.


Weight-based dosing. The dosing 
of most antimicrobials in pediatric 
patients is based on body weight, but 
the dosing of many antimicrobials in 
adults is not based on body weight, 
because it is safe, effective, and con-
venient to use standardized doses for 
most of the adult patient population. 
Such standardized doses avoid the 
need for calculations and reduce the 
risk for medication errors. However, 
in obese patients, especially those who 
are morbidly obese, serum and tissue 
concentrations of some drugs may 
differ from those in normal-weight 
patients because of pharmacoki-
netic alterations that depend on the 
lipophilicity of the drug and other 
factors.101 Limited data are available 
on the optimal approach to dosing 
of antimicrobial agents for obese pa-
tients.102,103 If weight-based dosing is 
warranted for obese patients, it has 
not been determined whether the pa-
tient’s ideal body weight or total (i.e., 
actual) body weight should be used. In 
theory, using the ideal body weight as 
the basis for dosing a lipophilic drug 
(e.g., vancomycin) could result in sub-
therapeutic concentrations in serum 
and tissue, and the use of actual body 
weight for dosing a hydrophilic drug 
(e.g., an aminoglycoside) could result 
in excessive concentrations in serum 
and tissue. Pediatric patients weigh-
ing more than 40 kg should receive 
weight-based doses unless the dose or 
daily dose exceeds the recommended 
adult dose.104


Conclusive recommendations for 
weight-based dosing for antimicrobial 
prophylaxis in obese patients cannot 
be made because data demonstrating 
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clinically relevant decreases in SSI rates 
from the use of such dosing strategies 
instead of standard doses in obese pa-
tients are not available in the published 
literature. 


In a small, nonrandomized, two-
phase study of morbidly obese 
adults undergoing gastroplasty and  
normal-weight adults undergoing 
upper abdominal surgery, blood and 
tissue concentrations of cefazolin af-
ter the administration of a 1-g preop-
erative dose were consistently lower 
in morbidly obese patients than in 
the normal-weight patients.101 The 
concentrations in morbidly obese 
patients also were lower than the 
MICs needed for prophylaxis against 
gram-positive cocci and gram- 
negative rods. In the second phase of 
the study, adequate blood and tissue  
cefazolin concentrations were 
achieved in morbidly obese patients 
receiving preoperative doses of  
cefazolin 2 g, and the rate of SSIs was 
significantly lower in these patients 
compared with morbidly obese pa-
tients receiving 1-g doses during the 
first phase of the study.


While the optimal cefazolin dose 
has not been established in obese 
patients, a few pharmacokinetic stud-
ies have investigated the cefazolin 
concentrations in serum and tissue 
during surgical procedures.13,105 Two 
small pharmacokinetic studies found 
that administering 1- or 2-g doses 
of cefazolin may not be sufficient to 
produce serum and tissue concentra-
tions exceeding the MIC for the most 
common pathogens. In a small, single-
center study, 38 adults undergoing 
Roux-en-Y gastric bypass surgery were 
classified by body mass index (BMI) 
in one of three groups.13 All patients 
were given cefazolin 2 g i.v. 30–60 min-
utes before the incision, followed by a 
second 2-g i.v. dose three hours later. 
The mean serum drug concentration 
before the second dose of cefazolin 
was lower than the resistance break-
point in all three BMI groups. Serum 
drug concentrations were lower in 
patients with a high BMI than in pa-


tients with lower BMI values. Tissue 
drug concentrations were lower than 
a targeted concentration of 8 mg/mL 
at all measurement times, except the 
time of skin closure in the patients 
with the lowest BMIs. These results 
suggest that a 1-g dose of cefazolin 
may be inadequate for obese patients 
undergoing gastric bypass surgery. 
A weakness of the literature on drug 
dosing in morbidly obese patients is 
the practice of reporting results by 
BMI rather than weight. 


Doubling the normal dose of 
cephalosporins or making fewer ad-
justments based on renal dysfunction 
may produce concentrations in obese 
patients similar to those achieved 
with standard doses in normal-
weight patients.103 Considering the 
low cost and favorable safety profile 
of cefazolin, increasing the dose to 2 
g for patients weighing more than 80 
kg and to 3 g for those weighing over 
120 kg can easily be justified.41 For 
simplification, some hospitals have 
standardized 2-g cefazolin doses for 
all adult patients. 


Gentamicin doses have been com-
pared for prophylaxis only in colorec-
tal surgery, where a single dose of 
gentamicin 4.5 mg/kg in combination 
with metronidazole was more effective 
in SSI prevention than multiple doses 
of gentamicin 1.5 mg/kg every eight 
hours.16,17 In obese patients who weigh 
20% above their ideal body weight, the 
dose of gentamicin should be calcu-
lated using the ideal body weight plus 
40% of the difference between the ac-
tual and ideal weights.106 If gentamicin 
will be used in combination with a 
parenteral antimicrobial with activity 
against anaerobic agents for prophy-
laxis, it is probably advisable to use 
4.5–5 mg/kg as a single dose.16 This 
dose of gentamicin has been found 
safe and effective in a large body of 
literature examining the use of single 
daily doses of gentamicin for thera-
peutic indications.106-113 When used 
as a single dose for prophylaxis, the 
risk of toxicity from gentamicin is 
very low.


Obese patients are often under-
represented in clinical trials and are 
not currently considered a special 
population for whom FDA requires 
separate pharmacokinetic studies 
during antimicrobial research and 
development by the drug manufac-
turer. Obesity has been recognized 
as a risk factor for SSI; therefore, 
optimal dosing of antimicrobial 
prophylaxis is needed in these pa-
tients.114 While a BMI of >30 kg/m2 


is commonly used to define obesity, 
the body fat percentage (>25% in 
men and >31% in women) may bet-
ter predict SSI risk, because the BMI 
may not reflect body composition. 
In a recent prospective cohort study 
of 590 patients undergoing elective 
surgery, there was no significant dif-
ference in SSI rates in nonobese and 
obese patients when the BMI was 
used to define obesity (12.3% versus 
11.6%, respectively).115 However, 
when the body fat percentage (de-
termined by bioelectrical impedance 
analysis) was used as the basis for 
identifying obesity (>25% in men 
and >31% in women), obese patients 
had a fivefold-higher risk of SSI than 
did nonobese patients (OR, 5.3; 95% 
CI, 1.2–23.1; p = 0.03). These find-
ings suggest that body fat percentage 
is a more sensitive and precise mea-
surement of SSI risk than is the BMI. 


Redosing. Intraoperative redosing 
is needed to ensure adequate serum 
and tissue concentrations of the 
antimicrobial if the duration of the 
procedure exceeds two half-lives of 
the antimicrobial or there is excessive 
blood loss (i.e., >1500 mL).17,41,94,116-121  
The redosing interval should be mea-
sured from the time of administration 
of the preoperative dose, not from the 
beginning of the procedure. Redos-
ing may also be warranted if there 
are factors that shorten the half-life 
of the antimicrobial agent (e.g., ex-
tensive burns). Redosing may not be 
warranted in patients in whom the 
half-life of the antimicrobial agent is 
prolonged (e.g., patients with renal in-
sufficiency or renal failure). See Table 
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1 for antimicrobial-specific redosing 
recommendations.


Duration. The shortest effective 
duration of antimicrobial administra-
tion for preventing SSI is not known; 
however, evidence is mounting that 
postoperative antimicrobial adminis-
tration is not necessary for most pro-
cedures.6,7,41,122-124 The duration of an-
timicrobial prophylaxis should be less 
than 24 hours for most procedures. 
Cardiothoracic procedures for which a 
prophylaxis duration of up to 48 hours 
has been accepted without evidence 
to support the practice is an area that 
remains controversial. The duration 
of cardiothoracic prophylaxis in these 
guidelines is based on expert panel 
consensus because the available data 
do not delineate the optimal duration 
of prophylaxis. In these procedures, 
prophylaxis for the duration of the 
procedure and certainly for less than 
24 hours is appropriate. 


A 1992 meta-analysis of studies 
comparing first-generation cepha-
losporins and antistaphylococcal 
antimicrobials (e.g., penicillins) with 
second-generation cephalosporins 
in patients undergoing cardiotho-
racic surgery found a reduction in the 
rate of SSI with second-generation 
cephalosporins but no benefit from 
continuing surgical prophylaxis be-
yond 48 hours.125 Reports published 
in 1980,126 1993,127 1997,128 and 
2000129 involving seven studies that 
compared single-dose prophylaxis 
or prophylaxis only during the op-
eration with durations of one to four 
days failed to show any reduction 
in SSIs with the longer durations of 
prophylaxis. In a more-recent obser-
vational four-year cohort study of 
2641 patients undergoing coronary 
artery bypass graft (CABG) surgery, 
the extended use of antimicrobial 
prophylaxis (>48 hours) instead of 
a shorter duration of prophylaxis 
(<48 hours) failed to reduce the risk 
of SSI (OR, 1.2; 95% CI, 0.8–1.6).130 
Moreover, prolonged prophylaxis 
was associated with an increased risk 
of acquired antimicrobial resistance 


(cephalosporin-resistant Enterobac-
teriaceae and VRE) compared with 
short-term prophylaxis (OR, 1.6; 
95% CI, 1.1–2.6).


There are no data to support the 
continuation of antimicrobial pro-
phylaxis until all indwelling drains 
and intravascular catheters are  
removed.19,31,32,41,131-134 


Topical administration of 
irrigations, pastes, and washes 


I.V. and oral antimicrobial ad-
ministration are the main focus of 
these guidelines, and these routes 
of administration are used for most 
surgical procedures addressed by 
these guidelines, with the exception 
of ophthalmic procedures, for which 
topical administration is the primary 
route of administration. Limited 
high-quality data are available re-
garding the use of antimicrobial 
irrigations, pastes, and washes that 
are administered topically. Studies 
published in the early 1980s dem-
onstrated that prophylactic topical 
administration of antimicrobials in 
the surgical incision during various 
nonophthalmic procedures is supe-
rior to placebo but not superior to 
parenteral administration, and topi-
cal administration does not increase 
the efficacy of parenteral antimicro-
bials when used in combination for 
prophylaxis.135-138 Additional high-
quality data on the safety and efficacy 
of topical antimicrobial administra-
tion as an adjunct to i.v. administra-
tion are needed to determine the role 
of topical antimicrobial prophylaxis. 


One area of interest for topical 
administration of antimicrobials, 
mainly gentamicin and vancomycin, 
is application to the sternum during 
cardiac procedures in combination 
with i.v. agents to prevent mediasti-
nitis. This strategy has been evalu-
ated in cohort and randomized con-
trolled studies.139-142 While the studies 
found a significantly lower rate of 
SSI with topical antimicrobials com-
pared with standard prophylaxis,140 
placebo,142 and a historical control,139 


a smaller, randomized, placebo-
controlled study found no difference 
between groups.141 


More recently, implantable gen-
tamicin collagen sponges failed to 
show any efficacy in reducing SSIs in 
a large prospective study of patients 
undergoing cardiac surgery and 
resulted in an increased infection 
rate in patients undergoing colec-
tomy.143,144 The safety and efficacy 
of topical antimicrobials have not 
been clearly established; therefore, 
routine use of this route cannot be 
recommended in cardiac or other 
procedures.145


Preoperative screening and 
decolonization


S. aureus is the most common 
pathogen causing SSIs, accounting 
for 30% of SSIs in the United States. 
Colonization with S. aureus, primar-
ily in the nares, occurs in roughly one 
in four persons and increases the risk 
of SSI by 2- to 14-fold.146-152 A nation-
al survey assessing nasal colonization 
with S. aureus in the general popula-
tion conducted from 2001 through 
2004 found that while the rate of 
colonization with S. aureus decreased 
from 32.4% in 2001–02 to 28.6% in 
2003–04 (p < 0.01), the rate of colo-
nization with MRSA increased from 
0.8% to 1.5% (p < 0.05).75


Preoperative screening for S. aure-
us carriage and decolonization strat-
egies have been explored as means to 
reduce the rate of SSIs. Anterior nasal 
swab cultures are most commonly 
used for preoperative surveillance, 
but screening additional sites (phar-
ynx, groin, wounds, rectum) can in-
crease detection rates.153 Such preop-
erative surveillance swabs that can be 
cultured on selective or nonselective 
media or sent for rapid polymerase 
chain reaction (PCR)-based screen-
ing can be used to identify colonized 
patients in the preoperative period. 
When properly used, all of these 
techniques can identify MSSA and 
MRSA. However, not all PCR-based 
systems will identify both MRSA 
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and MSSA so verification with the 
laboratory is needed. While many 
studies have focused specifically on 
MRSA screening in high-risk hospi-
talized patients in an effort to prevent 
MRSA SSI and hospital-acquired 
infections, the risk of developing an 
SSI remains elevated for any S. aureus 
carrier. While some authors advocate 
screening for MRSA carriage in the 
general population, the data sup-
porting universal screening in the 
surgical population are more contro-
versial.154,155 Screening has been advo-
cated to both identify candidates for 
S. aureus decolonization and inform 
the selection of optimal prophylactic 
antimicrobials, such as the addition 
of vancomycin for those colonized 
with MRSA.


FDA has approved intranasal 
mupirocin to eradicate MRSA nasal 
colonization in adult patients and 
health care workers.156 It is noted 
in the prescribing information that 
there are insufficient data to support 
use in prevention of autoinfection 
of high-risk patients from their own 
nasal colonization with S. aureus. 


However, additional data have dem-
onstrated that the use of intrana-
sal mupirocin in nasal carriers of  
S. aureus decreases the rate of S. aureus 
infections.157,158 One meta-analysis of 
seven studies focused on surgical pa-
tients only157; the other meta-analysis 
of nine studies included high-quality 
studies in dialysis patients.158


Recent studies have confirmed 
that S. aureus decolonization of the 
anterior nares decreases SSI rates in 
many surgical patients.159 The data 
are most compelling in cardiac and 
orthopedic surgery patients. There 
are fewer data in general surgery 
patients. A large, randomized con-
trolled trial of general, cardiac, and 
neurosurgical patients (n = 3864) 
revealed that prophylactic intranasal 
application of mupirocin did not 
significantly reduce the overall rate of 
S. aureus SSIs (2.3% in the mupirocin 
group versus 2.4% in the control 
group) but did decrease the rate of S. 


aureus SSI among S. aureus carriers 
(3.7% in the mupirocin group versus 
5.9% in the control group).160


Another randomized controlled 
trial found no significant difference 
in the rate of postoperative S. aureus 
SSIs among cardiac surgery patients 
receiving intranasal mupirocin and 
those receiving placebo, but the study 
was limited by the small numbers of 
patients (n = 257) and reported SSIs 
(n = 5).161 Among elective orthopedic 
patients undergoing implantation 
and other procedures, a random-
ized clinical trial demonstrated a 
nonsignificant reduction in the rate 
of postoperative S. aureus SSIs in pa-
tients receiving mupirocin (n = 315, 
3.8%) compared with those receiving 
placebo (n = 299, 4.7%).150


A recent randomized, double-
blind, placebo-controlled, mul-
ticenter study conducted in the 
Netherlands found that the use 
of mupirocin nasal ointment and 
chlorhexidine baths in identified  
S. aureus carriers reduced the risk 
of hospital-associated S. aureus in-
fections.162 In the study, a real-time 
PCR assay was used to rapidly iden-
tify S. aureus nasal carriers; all of the  
S. aureus isolates were susceptible 
to methicillin. Deep SSIs occurred in 
0.9% of the mupirocin–chlorhexidine-
treated group (4 of 441 patients) ver-
sus 4.4% of the placebo group (16 of 
367 patients) (relative risk, 0.21; 95% 
CI, 0.07–0.62). The reduction in su-
perficial SSIs was less marked (1.6% 
versus 3.5%; relative risk, 0.45; 95% 
CI, 0.18–1.11). It is plausible that this 
approach would be beneficial in a 
setting of MRSA, but it has not been 
proven.


Most studies conclude that the use 
of preoperative intranasal mupirocin 
in colonized patients is safe and po-
tentially beneficial as an adjuvant 
to i.v. antimicrobial prophylaxis 
to decrease the occurrence of SSIs. 
However, the optimal timing and 
duration of  administration are 
not standardized. In most studies, 
mu pirocin was used for five days 


before the operation. While S. aureus 
resistance to mupirocin has been de-
tected,148,162 raising concerns about 
the potential for widespread prob-
lems with resistance from routine 
use of this agent, resistance has only 
rarely been seen in the preoperative 
setting. Low-level resistance is associ-
ated with an increased rate of failure 
of decolonization and has been seen 
in institutions that use standardized 
mupirocin decolonization proto-
cols.163 Therefore, when decoloniza-
tion therapy (e.g., mupirocin) is used 
as an adjunctive measure to prevent 
S. aureus SSI, surveillance of suscep-
tibility of S. aureus isolated from SSIs 
to mupirocin is recommended.164 


While universal use of mupirocin is 
discouraged, specific recommenda-
tions for the drug’s use can be found 
in the cardiac and orthopedic sec-
tions of these guidelines.


Future research
Additional research is needed in 


several areas related to surgical anti-
microbial prophylaxis. The risks and 
benefits of continuing antimicrobial 
prophylaxis after the conclusion of 
the operative procedure, including 
dosing and duration, need to be fur-
ther evaluated. Insight is needed to 
make specific recommendations for 
intraoperative repeat dosing, weight-
based dosing in obese patients, and 
timing of presurgical antimicrobials 
that must be administered over a 
prolonged period (e.g., vancomy-
cin, fluoroquinolones). Additional 
clarification is needed regarding 
targeted antimicrobial concentra-
tions and intraoperative monitoring 
of antimicrobial serum and tissue 
concentrations to optimize efficacy. 
The role of topical administration of 
antimicrobial agents as a substitute 
for or an adjunct to i.v. antimicrobial 
prophylaxis needs to be further eval-
uated. Additional data are needed to 
guide the selection of antimicrobial 
agents for prophylaxis, particularly 
combination regimens, for patients 
with allergies to b-lactam antimicro-
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bials. Data are also needed to devise 
strategies to optimize antimicrobial 
prophylaxis in patients and facilities 
with a high risk or high prevalence 
of resistant organisms implicated in 
SSIs (e.g., MRSA). Optimal strate-
gies for screening for S. aureus and 
decolonization for certain proce-
dures need to be identified. Finally, 
outcomes studies are needed to assess 
the impact of using quality measures 
and pay-for-performance incentives 
designed to reduce surgical morbid-
ity and mortality. 


Cardiac procedures
Background. Cardiac procedures 


include CABG procedures, valve re-
pairs, and placement of temporary 
or permanent implantable cardiac 
devices, including ventricular assist 
devices (VADs). SSIs, including medi-
astinitis and sternal wound infection, 
are rare but serious complications 
after cardiac procedures. In patients 
undergoing CABG, the mean fre-
quency of SSIs depending on NHSN 
SSI risk index category ranges from 
0.35 to 8.49 per 100 operations when 
donor sites are included.165 The 
mean frequency of SSIs depending 
on NHSN SSI risk index category 
for patients undergoing CABG with 
only chest incisions ranges from 0.23 
to 5.67 per 100 operations.165 Most 
of these infections are superficial in 
depth. Patient-related and procedure-
related risk factors for SSIs after car-
diac procedures have been identified 
from several single-center cohort and 
case–control studies.117,128,166-176 These 
include diabetes,166,169,171-175 hypergly-
cemia,177-182 peripheral vascular dis-
ease,171,172,174 chronic obstructive pul-
monary disease,166,174,175 obesity (BMI 
of >30 kg/m2),166-168,171,173-176 heart 
failure,171,172 advanced age,117,128,166,172 


involvement of internal mammary ar-
tery,168-172 reoperation,169-171 increased 
number of grafts,171 long duration of 
surgery,117,166,167,176 and S. aureus nasal 
colonization.146,160


Patients requiring extracorporeal 
membrane oxygenation (ECMO) 


as a bridge to cardiac or lung trans-
plantation should be treated with 
a similar approach. If there is no 
history of colonization or previous 
infection, the general recommen-
dations for SSI antimicrobial pro-
phylaxis for the specific procedure 
should be followed. For ECMO pa-
tients with a history of colonization 
or previous infection, changing the 
preoperative antimicrobial prophy-
laxis to cover these pathogens must 
be considered, weighing whether the 
pathogen is relevant to SSIs in the 
planned procedure. 


Organisms. Almost two thirds 
of  organisms isolated in both  
adult and pediatric patients un-
dergoing cardiac procedures are 
gram-positive, including S. aureus, 
coagulase-negative staphylococcus, 
and, rarely, Propionibacterium acnes. 
Gram-negative organisms are less 
commonly isolated in these patients 
and include Enterobacter species, 
Pseudomonas aeruginosa, Escherichia 
coli, Klebsiella pneumoniae, Pro-
teus mirabilis, and Acinetobacter  
species.93,139,146,183-192 


Efficacy. The SSI rate in cardiac 
procedures is low, but there are po-
tential consequences if infection 
occurs. Multiple studies have found 
that antimicrobial prophylaxis in car-
diac procedures lowers the occurrence 
of postoperative SSI up to fivefold.125 


Choice of agent. Cephalosporins 
have been the most studied antimi-
crobials for the prevention of SSIs  
in cardiac procedures. Both first-
generation (cefazolin) and second-
generation (cefamandole and cefu-
roxime) cephalosporins have been 
shown to be effective in reducing 
SSI in cardiac surgery; however, the 
superiority of one class over another 
has not been proven.125,127,193-199


A meta-analysis comparing ceph-
alosporins with glycopeptides (e.g., 
vancomycin) as antimicrobial pro-
phylaxis regimens for cardiac pro-
cedures found a higher frequency 
of postoperative chest and deep-
chest SSIs and a trend toward an 


increased risk of gram-positive SSI 
in the glycopeptide group but a 
lower frequency of SSIs caused by 
resistant gram-positive pathogens.72  
The routine use of vancomycin 
for the prevention of SSIs is not 
recommended, based on limited 
evidence of efficacy and concerns of 
increased glycopeptide resistance of 
microorganisms.8,116 There is no clear 
evidence to support the use of vanco-
mycin, alone or in combination with 
other antimicrobials, for routine 
antimicrobial prophylaxis in institu-
tions that have a high prevalence 
of MRSA.8,11,41,72,73,116,200 Vancomycin 
should be considered in patients who 
are colonized with MRSA.41,116,201 
The accepted alternative antimicro-
bial for b-lactam-allergic patients  
undergoing cardiac procedures is 
vancomycin or clindamycin for gram- 
positive coverage.41,116,201,202 The ad-
dition of an aminoglycoside, aztreo-
nam, or a fluoroquinolone may be 
prudent when gram-negative patho-
gens are a concern.8,116 


Mupirocin. The proportion of 
infections related to S. aureus among 
patients undergoing cardiac surgery 
and the increase in MRSA as a cause 
of SSIs at some institutions have 
led to investigations of methods for 
preoperative eradication, particu-
larly with intranasal mupirocin.203 
Readers are referred to the Common 
Principles section of these guidelines 
for discussion of the use of intranasal 
mupirocin. Of note, the data dem-
onstrated a 45% reduction in S. au-
reus SSIs with the use of preoperative 
mupirocin among patients known 
to be colonized with S. aureus who 
undergo cardiac procedures.157,193 
Institutions should monitor for mu-
pirocin resistance periodically. 


Topical administration. Additional 
information on topical administra-
tion of antimicrobials can be found 
in the Common Principles section 
of these guidelines. Use of topical 
antimicrobials, mainly gentamicin or 
vancomycin, applied to the sternum 
during cardiac procedures in com-
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bination with i.v. agents to prevent 
mediastinitis has been evaluated in 
both cohort139 and randomized con-
trolled studies.140-142 While the stud-
ies found a significantly lower rate 
of SSIs with topical antimicrobials 
compared with standard prophy-
laxis,140 placebo,142 and a historical 
control,139 a smaller randomized, 
placebo-controlled study found no 
difference between groups.141 More 
recent studies of gentamicin collagen 
sponges failed to show any efficacy in 
a large prospective study of cardiac 
surgery.143 The safety and efficacy of 
topical antimicrobials have not been 
clearly established and therefore can-
not be recommended for routine use 
in cardiac procedures.139-142


Cardiopulmonary bypass. Cardio-
pulmonary bypass (CPB) is a com-
mon surgical technique in cardiac 
procedures that alters the volume 
of distribution and bioavailability 
of medications administered during 
the procedure.116,204,205 Several small 
cohort or comparative studies128,204-213 
have evaluated the serum and tissue 
concentrations of several routinely 
used antimicrobial prophylactic 
agents (i.e., cefazolin, cefuroxime, 
gentamicin, and vancomycin) in 
patients undergoing CPB during 
cardiac procedures. Until further 
clinical outcomes data and well-
designed studies become available to 
inform alternative dosing strategies, 
routinely used doses of common 
antimicrobial agents should be used 
in patients undergoing CPB during 
cardiac procedures.


Duration. The optimal duration 
of antimicrobial prophylaxis for 
cardiac procedures continues to be 
evaluated. Data support a duration 
ranging from a single dose up to 24 
hours postoperatively.41,99,131,191,214-217 
No significant differences were found 
in several small studies in patients 
undergoing cardiac procedures be-
tween these dosing strategies in 
patients primarily receiving first- or 
second-generation cephalosporins. 
Although a recent meta-analysis sug-


gested the possibility of increased 
efficacy with cardiac surgical pro-
phylaxis extending beyond 24 hours, 
the authors noted that the findings 
were limited by the heterogeneity of 
antimicrobial regimens used and the 
risk of bias in the published stud-
ies.218 The comparisons of varying 
durations were performed with dif-
ferent antimicrobials with differing 
efficacy and do not support longer 
durations. Consequently, this meta-
analysis does not provide evidence 
to support changing the currently 
accepted prophylaxis duration of 
less than 24 hours, particularly given 
the evidence from studies involving 
noncardiac operations. The currently 
accepted duration of prophylaxis 
for cardiac procedures is less than 
24 hours, but prophylaxis should be 
continued for the duration of the 
procedure.41,59,126-129,131,201


Two small studies did not support 
the continuation of antimicrobial 
prophylaxis until intravascular cath-
eters or intraaortic balloon pumps 
were removed, due to a lack of influ-
ence on infections or catheter coloni-
zation compared with short-course 
(24 hours) cefazolin or cefurox-
ime.219,220 The practice of continuing 
antimicrobial prophylaxis until all 
invasive lines, drains, and indwell-
ing catheters are removed cannot be 
supported due to concerns regarding 
the development of drug-resistant 
organisms, superinfections, and drug 
toxicity.41,131 


Pediatric efficacy. The rate of SSI 
in pediatric cardiac procedures is 
sometimes higher than in adult pa-
tients.20,31,221 Significant risk factors in 
pediatric patients with a mediastinal 
SSI included the presence of other in-
fections at the time of the procedure, 
young age (newborns and infants), 
small body size, the duration of the 
procedure (including CPB time), 
the need for an intraoperative blood 
transfusion, an open sternum postop-
eratively, the need for a reexploration 
procedure, the length of stay in the 
intensive care unit, an NNIS/NHSN 


risk score of 2, and the performance of 
emergency procedures.20,31,221 


The organisms of concern in 
pediatric patients are the same as 
those in adult patients.20,21,31,221 How-
ever, MRSA is rarely a concern in 
this population as a risk factor for 
SSI.221 Pediatric patients considered 
at high risk for MRSA infection 
are those with preoperative MRSA 
colonization or a history of MRSA 
infection, neonates younger than one 
month of age, and neonates under 
three months of age who have been 
in the hospital since birth or have a 
complex cardiac disorder.21 Strategies 
such as intranasal mupirocin and 
changes in antimicrobial prophylac-
tic agent to vancomycin led to de-
creased rates of MRSA carriage and 
the absence of MRSA infections in 
one time-series evaluation; however, 
the overall clinical impact of these 
efforts is still unclear.21,221


No well-controlled studies have 
evaluated the efficacy of antimicro-
bial prophylaxis in pediatric patients 
undergoing cardiac procedures. 
Therefore, the efficacy of antimi-
crobial prophylaxis is extrapolated 
from adult studies and should be 
considered the standard of care for 
pediatric cardiac surgery patients.19 


No well-designed studies or con-
sensus has established the appropri-
ate doses for common antimicrobial 
prophylactic agents for use in pediat-
ric cardiac patients. Antibiotic doses 
have been extrapolated from guide-
lines for the prevention of bacterial 
endocarditis.11 In recent evaluations, 
doses of cefazolin have ranged from 
25 to 50 mg/kg,19-21,31 and vancomy-
cin doses have ranged from 10 to 20 
mg/kg.19-21,31,222-226 Gentamicin doses 
used in studies have included 2.520 
and 5 mg/kg22; however, the study 
authors22 felt that the higher dose 
was excessive. The expert panel rec-
ognizes that the usual total daily dose 
for pediatric patients older than six 
months can be 6.5–7.5 mg/kg and 
that dosing schedules for younger 
patients may be complicated.
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Recommendations. For patients 
undergoing cardiac procedures, the 
recommended regimen is a single 
preincision dose of cefazolin or 
cefuroxime with appropriate intra-
operative redosing (Table 2). Cur-
rently, there is no evidence to sup-
port continuing prophylaxis until 
all drains and indwelling catheters 
are removed. Clindamycin or vanco-
mycin is an acceptable alternative in 
patients with a documented b-lactam 
allergy. Vancomycin should be used 
for prophylaxis in patients known 
to be colonized with MRSA. If or-
ganizational SSI surveillance shows 
that gram-negative organisms cause 
infections for patients undergoing 
these operations, practitioners should 
combine clindamycin or vancomycin 
with another agent (cefazolin if the 
patient is not b-lactam allergic; az-
treonam, aminoglycoside, or single-
dose fluoroquinolone if the patient is 
b-lactam allergic). Mupirocin should 
be given intranasally to all patients 
with documented S. aureus coloniza-
tion. (Strength of evidence for pro-
phylaxis = A.)


Cardiac device insertion 
procedures


Background. Antimicrobial pro-
phylaxis is the standard of care for 
patients undergoing cardiac implant-
able device insertion (e.g., pacemaker 
implantation).227 Based on available 
data and perceived infection risk, 
antimicrobial prophylaxis is not 
routinely recommended for cardiac 
catheterization or transesophageal 
echocardiogram.228


NHSN has reported a mean SSI 
rate after pacemaker placement of 
0.44 per 100 procedures.165 This rate 
may underestimate the risk of late 
SSI and complications.229 Risk fac-
tors for device-related infection 
after implantation of cardioverter– 
defibrillator systems or pacemakers 
identified in two large, prospective, 
multicenter cohort studies230,231 and 
a large case–control study232 included 
fever within 24 hours before implan-


tation, temporary pacing before im-
plantation, and early reintervention 
for hematoma or lead replacement230; 
corticosteroid use for more than one 
month during the preceding year 
and more than two leads in place 
compared with two leads232; and de-
velopment of pocket hematoma.231 In 
all of the evaluations, antimicrobial 
prophylaxis was found to be protec-
tive against device-related infec-
tion.230-232 Limited data are available 
on the efficacy and optimal dose and 
duration of antimicrobial prophylaxis 
in patients undergoing implantation 
of a new pacemaker, pacing system, or 
other cardiac device. 


A meta-analysis of 15 prospective, 
randomized, controlled, mainly open-
label studies evaluated the effective-
ness of systemic antimicrobial pro-
phylaxis compared with controls (no 
antimicrobials) on infection rates 
after pacemaker implantation.227 
Antibiotics included penicillins or 
cephalosporins with a duration 
ranging from a single preoperative 
dose to four days postoperatively. A 
consistent and significant protective 
effect of antimicrobial prophylaxis 
was found and encouraged the rou-
tine use of antimicrobial prophylaxis 
in patients undergoing permanent 
pacemaker implantation. A prospec-
tive, single-center cohort study found 
a low rate (1.7%) of SSI complications 
with a single 2-g dose of cefazolin in 
patients undergoing implantation of 
a new pacemaker, pulse-generator 
replacement, or upgrading of a pre-
existing pacing system.233 A notable 
limitation of the study was the ex-
clusion of patients with temporary 
percutanous cardiac stimulators who 
are at high risk of infection.


A large, randomized, double-
blind, placebo-controlled study 
found a significantly lower rate 
of SSI with a single 1-g dose of 
cef azolin (0.64%) compared with 
placebo (3.28%) (p = 0.016) given 
immediately before device implanta-
tion or generator replacement in a 
permanent pacemaker, implantable 


cardioverter defibrillator, or cardiac 
resynchronization device in a surgi-
cal operating room.231 The expert 
panel noted that the cefazolin dose 
was not adjusted for patient weight. 
Recently, AHA produced evidence-
based guidelines that recommend the 
use of a single dose of a preoperative 
antimicrobial.229 


VADs are increasingly used to 
bridge patients to transplantation 
or to support individuals who do 
not respond to medical therapy for 
congestive heart failure. Very lim-
ited data exist on infection rates, 
and there are no published studies 
that demonstrate the effectiveness of 
preoperative antimicrobial therapy. 
Using 2006–08 data from the In-
teragency Registry for Mechani-
cally Assisted Circulatory Support,  
Holman and colleagues234 reported 
that most infections related to me-
chanical cardiac support devices 
were bacterial (87%), with the re-
mainder associated with fungal (9%), 
viral (1%), protozoal (0.3%), or un-
known (2%) causes. Driveline infec-
tions are primarily caused by staphy-
lococcal species from the skin. Fungal 
organisms also play an important 
role in VAD infections, most notably  
Candida species, and carry a high risk 
of mortality. A recent survey of anti-
microbial surgical prophylaxis with 
VADs illustrates the variability and 
lack of consensus with regimens, us-
ing anywhere from one to four drugs 
for a duration of 24–72 hours.235 Im-
mediate postoperative infections are 
caused by gram-positive organisms. 
Complications from long-term in-
fections should not be confused with 
immediate postprocedure SSIs.236 
Based on the consensus of the expert 
panel, antimicrobial prophylaxis for 
replacement of a VAD due to ongo-
ing or recent infection should in-
corporate coverage directed at the 
offending organism or organisms. 
While many centers use vancomycin 
plus ciprofloxacin plus fluconazole, 
this practice is not based on the pub-
lished evidence.
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Recommendation. A single dose 
of cefazolin or cefuroxime is rec-
ommended for device implanta-
tion or generator replacement in a 
permanent pacemaker, implantable 
cardioverter defibrillator, or cardiac 
resynchronization device. (Strength 
of evidence for prophylaxis = A.) 
There is limited evidence to make 
specific recommendations for VADs, 
and each practice should tailor pro-
tocols based on pathogen prevalence 
and local susceptibility profiles. 
Clindamycin or vancomycin is an 
acceptable alternative in patients 
with a documented b-lactam allergy. 
Vancomycin should be considered 
for prophylaxis in patients known to 
be colonized with MRSA. 


Thoracic procedures
Background. Noncardiac tho-


racic procedures include lobectomy, 
pneumonectomy, thoracoscopy, lung 
resection, and thoracotomy. In addi-
tion to SSIs, postoperative nosoco-
mial pneumonia and empyema are of 
concern after thoracic procedures.237 


NHSN has reported that the rate 
of infection associated with tho-
racic surgery ranges from 0.76% to 
2.04%.165 Studies have found that the 
reported rate of SSIs after thoracic 
procedures in patients receiving an-
timicrobial prophylaxis ranged from 
0.42% to 4%.238-241 One study found 
an SSI rate of 14% when prophylaxis 
was not used.239 The reported rates of 
pneumonia and empyema with anti-
microbial prophylaxis are 3–24% and 
0–7%, respectively.237,239-244


Video-assisted thoracoscopic sur-
gery (VATS) is commonly used for 
thoracic procedures. In some set-
tings, VATS constitutes one third or 
more of all thoracic surgical proce-
dures.245 Since VATS uses small inci-
sions, the rate of SSIs is lower com-
pared with the rate associated with 
open thoracic surgical procedures.246 


A prospective cohort study (n = 346) 
confirmed a low rate of SSIs (1.7%) 
after minimally invasive VATS pro-
cedures.240 An additional prospective 


study of 988 lung resection patients 
confirmed that the SSI rate was 
significantly lower (5.5%) in VATS 
patients than in open thoracotomy 
patients (14.3%).247 Furthermore, SSI 
correlated with the duration of sur-
gery, serum albumin, concurrent co-
morbidity, age, and forced expiratory 
volume in one second. Antimicrobial 
prophylaxis recommendations in this 
section refer to both open thora-
cotomy and VATS procedures. Based 
on available data and perceived infec-
tion risk, antimicrobial prophylaxis is 
not routinely recommended for chest 
tube insertion.


Results of a prospective cohort 
and case–control study revealed the 
following independent risk factors 
for pneumonia after thoracic pro-
cedures: extent of lung resection, 
intraoperative bronchial coloniza-
tion, chronic obstructive pulmonary 
disease, BMI of >25 kg/m2, induction 
therapy (chemotherapy, radiothera-
py, or chemoradiotherapy), advanced 
age (≥75 years old), and stage III or 
IV cancer.243,244


Organisms. The organisms re-
ported from SSIs in patients un-
dergoing thoracic procedures were  
S. aureus and S. epidermidis.237  
Organisms isolated in patients with 
postoperative pneumonia includ-
ed gram-positive (Streptococcus  
and Staphylococcus species), gram-
negative (Haemophilus influenzae, 
Enterobacter cloacae, K. pneumoni-
ae, Acinetobacter species, P. aeru-
ginosa, and Moraxella catarrha-
lis), and fungal (Candida species)  
pathogens.237,239-243


Efficacy. Antimicrobial prophy-
laxis is the standard of care for 
patients undergoing noncardiac tho-
racic surgery, including pulmonary 
resection.11,201,237 One randomized, 
double-blind, placebo-controlled, 
single-center study of patients in 
Spain undergoing pulmonary resec-
tion, persistent pneumothorax with-
out thoracotomy tube before surgery, 
and nonpulmonary thoracic surgical 
procedures, excluding those involv-


ing the esophagus and exploratory 
thoracotomies, compared a single 
dose of cefazolin 1 g i.v. and placebo 
given 30 minutes before the proce-
dure.239 The study was stopped early 
due to the significant difference in 
SSI rates between groups (1.5% with 
cefazolin versus 14% with placebo,  
p < 0.01). No differences in the rates 
of pneumonia and empyema were 
seen between groups, but these were 
not endpoints of the study. 


Choice of agent. There is no clear 
optimal choice for antimicrobial 
prophylaxis in thoracic procedures. 
The need to consider pneumonia and 
empyema as well as SSIs after thorac-
ic procedures has been raised in the 
literature.237,241-244 There are a limited 
number of small, single-center, ran-
domized controlled or cohort studies 
that evaluated several antimicrobial 
agents. One small, randomized con-
trolled study and one cohort study 
found that ampicillin–sulbactam 
was significantly better than cephalo-
sporins (cefazolin and cefamandole) 
for preventing pneumonia.242,243 No 
statistically significant difference 
was found between cefuroxime and 
cefepime in the rate of postoperative 
SSI, pneumonia, or empyema in a 
small, randomized controlled study 
in patients undergoing elective tho-
racotomy.241 Lower rates of infections 
and susceptibility of all organisms 
were noted with cefuroxime com-
pared with cefepime. Therefore, the 
study authors concluded that cefu-
roxime was marginally more effective 
and was more cost-effective than 
cefepime. 


Duration. No clear consensus 
on the duration of antimicrobial 
prophylaxis has been established. 
Studies have evaluated different dos-
ing strategies for cephalosporins or 
penicillins, with most studies using 
single doses given preoperatively 
within 60 minutes before surgical 
incision.237,239,240,242,244 Studies found 
differing results when comparing 
agents given for 24 hours (cefepime, 
ampicillin–sulbactam) and 48 hours 
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(cefuroxime, cefamandole); how-
ever, these findings may be attribut-
able to the different antimicrobials 
tested.241,243 Additional discussion on 
dosing is provided in the Common 
Principles section of these guidelines.


Recommendations. In patients 
undergoing thoracic procedures, a 
single dose of cefazolin or ampicillin– 
sulbactam is recommended (Appen-
dix B). Clindamycin or vancomycin 
is an acceptable alternative in pa-
tients with a documented b-lactam 
allergy. Vancomycin should be used 
for prophylaxis in patients known 
to be colonized with MRSA. If or-
ganizational SSI surveillance shows 
that gram-negative organisms are as-
sociated with infections during these 
operations or if there is risk of gram-
negative contamination of the surgi-
cal site, practitioners should combine 
clindamycin or vancomycin with an-
other agent (cefazolin if the patient 
is not b-lactam allergic; aztreonam, 
aminoglycoside, or single-dose fluo-
roquinolone if the patient is b-lactam 
allergic). (Strength of evidence for 
prophylaxis for VATS = C; strength 
of evidence for prophylaxis for other 
thoracic procedures = A.)


Gastroduodenal procedures
Background. The gastroduode-


nal procedures considered in these 
guidelines include resection with 
or without vagotomy for gastric or 
duodenal ulcers, resection for gas-
tric carcinoma, revision required to 
repair strictures of the gastric outlet, 
percutaneous endoscopic gastros-
tomy (PEG) insertion, perforated 
ulcer procedures (i.e., Graham patch 
repair), pancreaticoduodenectomy 
(Whipple procedure), and bariatric 
surgical procedures (gastric bypass, 
gastric banding, gastroplasty, other 
restrictive procedures, biliopancre-
atic diversion). Studies specifically 
addressing antimicrobial prophylaxis 
for gastroesophageal reflux disease 
procedures (Nissen fundoplication) 
or highly selective vagotomy for ul-
cers (usually done laparoscopically) 


could not be identified. Antireflux 
procedures and highly selective 
vagotomy are clean procedures in 
contrast to essentially all other gas-
troduodenal procedures that are 
clean-contaminated. Other proce-
dures that are generally performed 
using laparoscopic or endoscopic 
techniques (e.g., endoscopic retro-
grade cholangiopancreatography) 
are not specifically discussed in this 
document. Natural orifice translu-
minal endoscopic surgery (NOTES) 
is a developing operative technique 
using natural orifices (e.g., vagina, 
anus, mouth, stomach) for entry into 
the abdomen that leaves no visible 
scar.248 No studies on antimicrobial 
prophylaxis using NOTES have been 
published. SSI rates reported in pa-
tients not receiving antimicrobial 
prophylaxis were 6% after vagotomy 
and drainage, 13% after gastric ulcer 
procedures, 6.8–17% after proce-
dures for gastric cancer,249-253 8% for 
pancreaticoduodenectomy,254 and 
23.9–26% after PEG insertion.255,256


The stomach is an effective bar-
rier to bacterial colonization; this is at 
least partially related to its acidity. The 
stomach and the duodenum typically 
contain small numbers of organisms 
(<104 colony-forming units [CFU]/
mL), the most common of which are 
streptococci, lactobacilli, diphtheroids, 
and fungi.257,258 Treatment with agents 
that increase gastric pH increases 
the concentration of gastric organ-
isms.259-261 Alterations in gastric and 
duodenal bacterial flora as a result of 
increases in gastric pH have the po-
tential to increase the postoperative 
infection rate.262,263


The risk of postoperative infec-
tion in gastroduodenal procedures 
depends on a number of factors, 
including the gastroduodenal pro-
cedure performed. Patients who are 
at highest risk include those with 
achlorhydria, including those receiv-
ing pharmacotherapy with histamine 
H


2
-receptor antagonists or proton-


pump inhibitors,264 gastroduode-
nal perforation, decreased gastric 


motility, gastric outlet obstruction, 
morbid obesity, gastric bleeding, or 
cancer.265 Similar to other types of 
surgical procedures, risk factors for 
SSIs related to gastroduodenal proce-
dures include long procedure dura-
tion,252,266,267 performance of emer-
gency procedures,250,261 greater than 
normal blood loss,251,252 American 
Society of Anesthesiologists (ASA) 
classification of ≥3, and late adminis-
tration of antimicrobials.268 


Organisms. The most common 
organisms cultured from SSIs af-
ter gastroduodenal procedures are 
coliforms (E. coli, Proteus species, 
Klebsiella species), staphylococci, 
streptococci, enterococci, and oc-
casionally Bacteroides species.101,269-276 


Efficacy. Randomized controlled 
trials have shown that prophylactic 
antimicrobials are effective in de-
creasing postoperative infection rates 
in high-risk patients after gastroduo-
denal procedures. The majority of 
available studies were conducted in 
single centers outside of the United 
States. Relative to other types of 
gastrointestinal tract procedures, the 
number of clinical trials evaluating 
antimicrobial prophylaxis for gastro-
duodenal procedures is limited. In 
placebo-controlled trials, infection 
rates ranged from 0% to 22% for 
patients receiving cephalosporins 
or penicillins and from 1.7% to 
66% for patients receiving place-
bo.270,271,273-275,277-284 The difference was 
significant in most studies.


Data support antimicrobial pro-
phylaxis for patients undergoing 
PEG insertion.264,285-287 A Cochrane 
review of systemic antimicrobial 
prophylaxis for PEG procedures that 
included 11 randomized controlled 
trials and 1196 patients found a 
statistically significant reduction in 
peristomal infections with antimi-
crobial prophylaxis (OR, 0.35; 95% 
CI, 0.23–0.48).288 Two meta-analyses 
found statistically significant de-
creases in SSIs with antimicrobial 
prophylaxis compared with place-
bo or controls, from 23.9–26% to 
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6.4–8%, respectively.255,256 Most well-
designed, randomized controlled 
studies found a significant decrease 
in postoperative SSIs or peristomal 
infections with single i.v. doses of a 
cephalosporin or penicillin, ranging 
from 11% to 17%, compared with 
from 18% to 66% with placebo or 
no antimicrobials.279-282,288 Conflict-
ing results have been seen in studies 
evaluating the use of preoperative 
patient MRSA screening, decontami-
nation washes and shampoos, five-
day preoperative treatment with in-
tranasal mupirocin, and single-dose 
teicoplanin preoperative prophylaxis 
to decrease postoperative MRSA in-
fections during PEG insertion.289,290 


While there have been no well- 
designed clinical trials of antimicro-
bial prophylaxis for patients under-
going bariatric surgical procedures, 
treatment guidelines support its use 
based on morbid obesity and ad-
ditional comorbidities as risk factors 
for postoperative infections.264,291 
There is no consensus on the appro-
priate antimicrobial regimen; how-
ever, higher doses of antimicrobials 
may be needed for adequate serum 
and tissue concentrations in mor-
bidly obese patients.13,268,291


A notable risk factor for SSIs 
after esophageal and gastroduode-
nal procedures is decreased gastric 
acidity and motility resulting from 
malignancy or acid-suppression 
therapy.264,276 Therefore, antimicro-
bial prophylaxis is indicated for pa-
tients undergoing gastric cancer pro-
cedures (including gastrectomy) and 
gastroduodenal procedures related to 
gastric and duodenal ulcer disease or 
bariatric surgery or pancreaticoduo-
denectomy. Evaluations of practice 
for pancreaticoduodenectomy show 
that antimicrobials are typically giv-
en due to concerns of bile contami-
nation. Prophylaxis for gastroduode-
nal procedures that do not enter the 
gastrointestinal tract, such as antire-
flux procedures, should be limited to 
high-risk patients due to lack of data 
supporting general use in all patients. 


Furthermore, laparoscopic antireflux 
procedures are associated with very 
low SSI rates (0.3%) compared with 
open antireflux procedures (1.4%), 
just as laparoscopic gastric bypass 
procedures are associated with lower 
rates than in open procedures (0.4% 
versus 1.2%).292 


Choice of  agent.  The most  
frequently used agents for gastro-
duodenal procedures were first-
generation271,273,277,278,284,293-297 and sec-
ond-generation269,270,274,275,280,293,294,298  
cephalosporins. No differences in  
efficacy between first- and second- 
generation cephalosporins were 
found. Amoxicillin–clavulanate 
279,282,283,299 and ciprofloxacin269,300 were 
also evaluated with similar results. 
Relatively few studies have compared 
the efficacy of different agents in re-
ducing postoperative infection rates. 


One meta-analysis recommended 
using a single dose of an i.v. broad-
spectrum antimicrobial for SSI 
prophylaxis in these patients,256 
while another found no differences 
between penicillin- or cephalosporin-
based regimens and three-dose or 
single-dose regimens.255 In a com-
parative study, oral or i.v. ciprofloxa-
cin and i.v. cefuroxime were similarly 
effective in upper gastrointestinal 
procedures, including gastrectomy, 
vagotomy, and fundoplication.300 No 
differences in efficacy were seen be-
tween ceftriaxone and combination 
ceftriaxone and metronidazole for 
PEG insertion in pediatric patients.301 


An open-label study found a signifi-
cant decrease in local peristomal and 
systemic infection (i.e., pneumonia) 
after PEG insertion after a single 1-g 
i.v. dose of ceftriaxone was given 
30 minutes before surgery when 
compared with placebo (13.3% and 
36.3%, respectively; p < 0.05).281 
No differences were noted be-
tween cefotaxime and piperacillin– 
tazobac tam for  PEG SSIs . 288  
Ampicillin–sulbactam and cefazolin 
had equal efficacy in gastrectomy.253 


One study found that piperacillin–
tazobactam in combination with 


ciprofloxacin or gentamicin was the 
most active regimen against bacteria 
recovered from bile in pancreatoduo-
denectomy patients.302 


Duration. The majority of studies 
evaluated a single dose of cephalo-
sporin or penicillin.256,279-284,288,290,297 
The available data indicate that 
single-dose and multiple-dose regi-
mens are similarly effective. Three 
studies compared single- and mul-
tiple-dose regimens of cefaman-
dole,294 amoxicillin–cluvulanate,299 
and ampicillin–sulbactam and ce-
fazolin.253 There were no significant 
differences in SSI rates. Multiple-dose 
regimens of first-generation (cefazo-
lin) or second-generation (cefotiam) 
cephalosporins of four days, operative 
day only, and three days in duration 
did not differ in overall SSI rates.295 


Recommendations. Antimicrobial 
prophylaxis in gastroduodenal pro-
cedures should be considered for pa-
tients at highest risk for postoperative 
infections, including risk factors such 
as increased gastric pH (e.g., patients 
receiving acid-suppression therapy), 
gastroduodenal perforation, de-
creased gastric motility, gastric outlet 
obstruction, gastric bleeding, morbid 
obesity, ASA classification of ≥3, and 
cancer. 


A single dose of cefazolin is rec-
ommended in procedures during 
which the lumen of the intestinal 
tract is entered (Table 2). (Strength of 
evidence for prophylaxis = A.) A sin-
gle dose of cefazolin is recommended 
in clean procedures, such as highly 
selective vagotomy, and antireflux 
procedures only in patients at high 
risk of postoperative infection due to 
the presence of the above risk factors. 
(Strength of evidence for prophylaxis 
= C.) Alternative regimens for pa-
tients with b-lactam allergy include 
clindamycin or vancomycin plus 
gentamicin, aztreonam, or a fluoro-
quinolone. Higher doses of antimi-
crobials are uniformly recommended 
in morbidly obese patients undergo-
ing bariatric procedures. Higher dos-
es of antimicrobials should be con-
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sidered in significantly overweight 
patients undergoing gastroduodenal 
and endoscopic procedures. 


Biliary tract procedures
Background. Biliary tract pro-


cedures include cholecystectomy, 
exploration of the common bile duct, 
and choledochoenterostomy. These 
guidelines pertain only to patients 
undergoing biliary tract procedures 
with no evidence of acute biliary 
tract infection and to patients with 
community-acquired acute cholecys-
titis of mild-to-moderate severity. As 
noted in the Common Principles sec-
tion, patients receiving therapeutic 
antimicrobials for an infection before 
surgery should be given additional 
antimicrobial prophylaxis before 
surgery.


These guidelines do not address 
patients requiring biliary tract pro-
cedures for more-severe infections, 
including community-acquired 
acute cholecystitis with severe phys-
iological disturbance, advanced 
age, or immunocompromised state;  
acute cho langitis; and health-care-
associated or nosocomial biliary 
infections. These biliary tract infec-
tions are treated as complicated 
intraabdominal infections.303 All 
patients with a suspected biliary tract 
infection who undergo biliary tract 
surgery should receive preoperative 
i.v. antimicrobials. 


The majority of published lit-
erature regarding SSIs in biliary tract 
procedures focuses on cholecystecto-
my. The overall reported rate of post-
operative infection in open biliary 
tract procedures with antimicrobial 
prophylaxis is 1–19%.292,304-311 Infec-
tion rates after laparoscopic chole-
cystectomy range from 0% to ap-
proximately 4% in patients without 
antimicrobial prophylaxis308,312-320 
and from 0% to 7% with prophy-
laxis.292,304-323 Several studies found 
that laparoscopic cholecystectomy 
SSI rates were significantly lower 
than those associated with open 
cholecystectomy.292,306-311 


Risk factors associated with post-
operative SSIs after biliary procedures 
include performance of emergency 
procedures,305 diabetes,305,306,311,315,317 
longer procedure duration (over 
120 minutes),305,317,324 intraoperative 
gallbladder rupture,305 age of >70 
years,6,311,315,317,325 open cholecystecto-
my,7,311 conversion of laparoscopic to 
open cholecystectomy,7 higher ASA 
classification (≥3),306,310,317 episode of 
biliary colic within 30 days before the 
procedure,315,316 reintervention in less 
than a month for noninfectious com-
plications,310 acute cholecystitis,6,7,306 
bile spillage,7 jaundice,6,7,306 preg-
nancy,7 nonfunctioning gallbladder,6 


and immunosuppression.7 
The biliary tract is usually sterile. 


Patients with bacteria in the bile 
at the time of surgery may be at 
higher risk of postoperative infec-
tion305,326,327; however, some studies 
have found no association between 
the presence of bacteria in the bile 
and infection.305,315,316,319,321 Obesity 
(a BMI of >30 kg/m2) was found to 
be a risk factor in some studies306 
but not in others.315,319 Laparoscopic 
cholecystectomy was associated  
with a significantly decreased risk for 
SSI.292,310,324,325


Organisms. The organisms most 
commonly associated with infec-
tion after biliary tract procedures 
include E. coli, Klebsiella species, 
and enterococci; less frequently, 
other gram-negative organisms, 
streptococci, and staphylococci are 
isolated.305,306,312,315,316,318,319,321,326,328-338 


Anaerobes are occasionally reported, 
most commonly Clostridium species.


Recent studies have documented 
increasing antimicrobial resistance 
in the causative pathogens in biliary 
tract infections and other intra- 
abdominal infections, with up to 
40% of E. coli isolates resistant to  
ampicillin–sulbactam and fluoro-
quinolones.339-341 Due to this increas-
ing resistance of E. coli to fluoroquin-
olones and ampicillin–sulbactam,  
local population susceptibility pro-
files should be reviewed to determine 


the optimal antimicrobials for SSI 
prevention in biliary tract procedures. 


Efficacy. Numerous studies have 
evaluated the use of prophylac-
tic antimicrobials during biliary 
tract procedures, with a focus on 
laparoscopic cholecystectomy. Lapa-
roscopic cholecystectomy has re-
placed open cholecystectomy as 
the standard of practice because of 
the reduction in recovery time and 
shorter hospital stay. The majority of 
studies of antimicrobial prophylaxis 
for laparoscopic cholecystectomy 
were underpowered and varied in 
control groups used (placebo, active, 
or no treatment), follow-up (from 
30 to 60 days, while some stud-
ies did not clearly define length of 
time), and how SSIs were detected 
and reported.308,312-316,318,319,321,322 Some 
studies included patients who were 
converted from laparoscopic to open 
cholecystectomy and others did not. 


A large, multicenter, quality-
assurance study in Germany assessed 
the effectiveness of antimicrobial 
prophylaxis in laparoscopic and open 
cholecystectomies.308 This study in-
cluded 4477 patients whose antimi-
crobial choice and dosage regimens 
were at the discretion of the medical 
center and surgeon. Antimicrobials 
used included first-, second-, and 
third-generation cephalosporins or 
penicillins alone or in combination 
with metronidazole, gentamicin, or 
both metronidazole and gentamicin. 
The most common cephalosporin 
used was ceftriaxone, allowing its 
data to be separated from data for 
other antimicrobials. Antimicro-
bial prophylaxis was administered to 
2217 patients (ceftriaxone [n = 787 
laparoscopic and n = 188 open] and 
other antimicrobials [n = 229 lapa-
roscopic and n = 229 open]); none 
was given to 1328 laparoscopic and 
932 open cholecystectomy patients. 
Significantly lower overall infectious 
complications occurred in patients 
receiving antimicrobial prophylaxis 
(0.8% ceftriaxone and 1.2% other 
antimicrobials), compared with 5% 







ASHP RePoRt Antimicrobial prophylaxis


219Am J Health-Syst Pharm—Vol 70  Feb 1, 2013


of those who received no prophylaxis 
(p < 0.05). The overall rates of infec-
tious complications were 0.6%, 0.8%, 
and 3.3% in patients undergoing 
laparoscopic cholecystectomy receiv-
ing ceftriaxone, other antimicrobials, 
and no prophylaxis, respectively, and 
1.6%, 3.9%, and 7.4%, respectively, 
for patients undergoing open chole-
cystectomy. Significantly lower rates 
of SSIs and postoperative pneumo-
nia were noted in patients receiving 
antimicrobials compared with those 
who did not receive prophylaxis  
(p < 0.05). SSI rates were significantly 
decreased in laparoscopic chole-
cystectomy patients who received 
ceftriaxone (0.1%) or other anti-
microbials (0.2%) compared with 
those who received no antimicrobial 
prophylaxis (1.6%). SSI rates were 
significantly decreased in open cho-
lecystectomy patients who received 
ceftriaxone (1.0%) or other anti-
microbials (2.6%) compared with 
those who received no antimicrobial 
prophylaxis (4.4%). The study au-
thors concluded that antimicrobial 
prophylaxis should be administered 
to all patients undergoing cholecys-
tectomy, regardless of approach. The 
study had several limitations, includ-
ing lack of randomization, lack of 
adequate controls, and lack of clear 
definition of patient selection for the 
antimicrobial regimens. The statisti-
cal analysis was not clearly defined. 
The study appears to have compared 
only the use and lack of use of an-
timicrobials (with ceftriaxone and 
other antimicrobials combined for 
analysis) and did not specifically 
compare the laparoscopic and open 
approaches. 


The findings of this study contrast 
with those of several other published 
studies. A meta-analysis of 15 ran-
domized controlled studies evaluated 
the need for antimicrobial prophy-
laxis in elective laparoscopic chole-
cystectomy for patients at low risk 
of infection.313 Low risk was defined 
as not having any of the following: 
acute cholecystitis, a history of acute 


cholecystitis, common bile duct cal-
culi, jaundice, immune suppression, 
and prosthetic implants. A total of 
2961 patients were enrolled in the 
studies, including 1494 who received 
antimicrobial prophylaxis, primar-
ily with cephalosporins, vancomycin, 
fluoroquinolones, metronidazole, 
and amoxicillin–clavulanate, and 
1467 controls receiving placebo or no 
treatment. No significant difference 
was found in the rates of infectious 
complications (2.07% in patients 
receiving antimicrobial prophylaxis 
versus 2.45% in controls) or SSIs 
(1.47% in patients receiving antimi-
crobial prophylaxis versus 1.77% in 
controls). The authors of the meta-
analysis concluded that antimicrobi-
al prophylaxis was not necessary for 
low-risk patients undergoing elective 
laparoscopic cholecystectomy. An 
additional meta-analysis of 9 ran-
domized controlled trials (n = 1437) 
also concluded that prophylactic 
antimicrobials do not prevent infec-
tions in low-risk patients undergoing 
laparoscopic cholecystectomy.342 


A small, prospective, nonran-
domized study compared the use of  
cefotaxime 1 g i.v. during surgery 
with an additional two i.v. doses 
given eight hours apart after surgery 
(n = 80) with no antimicrobial pro-
phylaxis (n = 86) in patients under-
going elective laparoscopic cholecys-
tectomy with accidental or incidental 
gallbladder rupture and spillage of 
bile.317 Patients who had spillage of 
gallstone calculi or whose operations 
were converted to open operations 
were excluded from the study. The 
rate of SSIs did not significantly 
differ between treatment groups 
(2.5% with antimicrobials versus 
3.4% without antimicrobial prophy-
laxis). Based on results of multivari-
ate analysis, routine antimicrobial 
prophylaxis was not recommended 
for these patients unless they were 
diabetic, were older than 60 years, or 
had an ASA classification of ≥3 or the 
duration of the procedure exceeded 
70 minutes. 


Current data do not support 
antimicrobial prophylaxis for low-
risk patients undergoing elective 
laparoscopic cholecystectomies or 
those with incidental or accidental 
gallbladder rupture. Antimicrobial 
prophylaxis should be considered for 
patients at high risk of infection, in-
cluding those undergoing open cho-
lecystectomy, as described above, or 
who are considered to be at high risk 
for conversion to an open procedure. 


Choice of agent. The data do 
not indicate a significant difference 
among first-, second-, and third-
generation cephalosporins. First- 
generation,307,308,312,315,319,323,330,336,338,343,344 


second-generation,308,314,315,318,323, 


327-329,331,332,335,344-352 and third-generation 
3 0 8 , 3 0 9 , 3 1 5 - 3 1 7 , 3 2 1 , 3 2 2 , 3 3 2 , 3 3 3 , 3 3 8 , 3 4 9 , 3 5 3 , 3 5 4 


cephalosporins have been stud-
ied more extensively than other 
antimicrobials. Limited data are 
available for ampicillin with genta-
micin,355 piperacillin,356 amoxicillin– 
clavulanate,305,338,351,354 ciprofloxa-
cin,320,333,352,357 and cephalosporins or 
penicillins alone or in combination 
with metronidazole, gentamicin,  
or  both  met ronidazo le  and  
gentamicin.308


Several studies have compared 
first-generation cephalosporins 
with second- or third-generation  
agents.315,336,338,344-347,353,358 With one 
exception,347 there was no signifi-
cant difference in efficacy among 
agents. Other studies found no 
significant differences in efficacy be-
tween ampicillin and cefamandole,335 
ciprofloxacin and ceftriaxone,333 
amoxicillin–clavulanate and cefo-
taxime,354 amoxicillin–clavulanate 
and cefamandole,351 ceftriaxone and 
ceftazidime,321 and oral and i.v. cip-
rofloxacin and i.v. cefuroxime.352,357 


One study found that i.v. ampicillin– 
sulbactam was associated with sig-
nificantly lower rates of infection 
compared with cefuroxime306 and 
that patients treated with oral cef-
tibuten had significantly lower infec-
tion rates than those who received 
amoxicillin–clavulanate.338
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Duration. The effect of dura-
tion of prophylaxis on outcome has 
been evaluated. A single dose of a 
cephalosporin was compared with 
multiple doses in several studies; 
no significant differences in efficacy 
were found.327,329,330,348,349,353,359 The 
largest study compared one dose 
of cefuroxime with three doses in 
1004 patients with risk factors for 
infection who were undergoing 
biliary tract surgery.327 There was 
no significant difference in the rates 
of minor or major SSIs between the 
single- and multiple-dose groups. In 
the majority of studies, one dose of 
an antimicrobial was administered at 
induction of anesthesia,306,312,338,352,354 


within 30 minutes before incision,338 
or 1315,316,320,321 or 2338 hours before 
incision. Additional doses were given 
as follows: one dose 12 hours after 
administration of the initial dose,352 
two doses 12 and 24 hours after 
administration of the initial dose,338 
two doses every 6338 or 8317,319 hours 
after surgery, and one dose 24 hours 
after surgery315 and five days after sur-
gery.352 In one study, a second dose of 
amoxicillin–clavulanate or cefotax-
ime was administered for procedures 
lasting longer than 4 hours.354


Recommendations. A single dose 
of cefazolin should be administered 
in patients undergoing open biliary 
tract procedures (Table 2). (Strength 
of evidence for prophylaxis = A.) 
Alternatives include ampicillin– 
sulbactam and other cephalosporins 
(cefotetan, cefoxitin, and ceftriax-
one). Alternative regimens for pa-
tients with b-lactam allergy include 
clindamycin or vancomycin plus 
gentamicin, aztreonam, or a fluoro-
quinolone; or metronidazole plus 
gentamicin or a fluoroquinolone. 


Antimicrobial prophylaxis is not 
necessary in low-risk patients un-
dergoing elective laparoscopic cho-
lecystectomies. (Strength of evidence 
against prophylaxis for low-risk 
patients = A.) Antimicrobial pro-
phylaxis is recommended in patients 
undergoing laparoscopic cholecys-


tectomy who have an increased risk 
of infectious complications. Risk 
factors include performance of emer-
gency procedures, diabetes, antici-
pated procedure duration exceeding 
120 minutes, risk of intraoperative 
gallbladder rupture, age of >70 
years, open cholecystectomy, risk of 
conversion of laparoscopic to open 
cholecystectomy, ASA classification 
of ≥3, episode of biliary colic within 
30 days before the procedure, rein-
tervention in less than a month for 
noninfectious complications of prior 
biliary operation, acute cholecystitis, 
anticipated bile spillage, jaundice, 
pregnancy, nonfunctioning gallblad-
der, and immunosuppression. Be-
cause some of these risk factors can-
not be determined before the surgical 
intervention, it may be reasonable to 
give a single dose of antimicrobial 
prophylaxis to all patients undergo-
ing laparoscopic cholecystectomy. 
(Strength of evidence for prophylaxis 
for high-risk patients = A.)


Appendectomy procedures
Background. Cases of appendici-


tis can be described as complicated 
or uncomplicated on the basis of the 
pathology. Patients with uncompli-
cated appendicitis have an acutely 
inflamed appendix. Complicated 
appendicitis includes perforated or 
gangrenous appendicitis, including 
peritonitis or abscess formation. 
Because complicated appendicitis 
is treated as a complicated intra- 
abdominal infection,303 it has not 
been addressed separately in these 
guidelines. All patients with a suspect-
ed clinical diagnosis of appendicitis, 
even those with an uncomplicated 
case, should receive appropriate pre-
operative i.v. antimicrobials for SSI 
prevention, which, due to the com-
mon microbiology encountered, re-
quires similar antimicrobial choices 
to those used to treat complicated 
appendicitis. 


Approximately 80% of patients 
with appendicitis have uncompli-
cated disease.59 SSI has been reported 


in 9–30% of patients with uncom-
plicated appendicitis who do not 
receive prophylactic antimicrobials, 
though some reports suggest lower 
complication rates in children with 
uncomplicated appendicitis.165,360-365 
Mean SSI rates for appendectomy 
reported in the most recent NHSN 
report (2006–08) were 1.15% (60 of 
5211) for NHSN risk index catego-
ries 0 and 1 versus 3.47% (23 of 663) 
for NHSN risk index categories 2 and 
3.165 Laparoscopic appendectomy has 
been reported to produce lower rates 
of incisional (superficial and deep) 
SSIs than open appendectomy in 
adults and children in multiple meta-
analyses and several randomized 
clinical trials.292,310,366-371 However, the 
rate of organ/space SSIs (i.e., intra- 
abdominal abscesses) was signifi-
cantly increased with laparoscopic 
appendectomy. 


Organisms. The most common 
microorganisms isolated from SSIs 
after appendectomy are anaerobic 
and aerobic gram-negative enteric 
organisms. Bacteroides fragilis is the 
most commonly cultured anaerobe, 
and E. coli is the most frequent aer-
obe, indicating that the bowel flora 
constitute a major source for patho-
gens.59,372,373 Aerobic and anaerobic 
streptococci, Staphylococcus species, 
and Enterococcus species also have 
been reported. P. aeruginosa has been 
reported infrequently.


Efficacy. Antibiotic prophylaxis is 
generally recognized as effective in 
the prevention of postoperative SSIs 
in patients undergoing appendecto-
my when compared with placebo.374 


Choice of agent. Randomized con-
trolled trials have failed to identify 
an agent that is clearly superior to 
other agents in the prophylaxis of 
postappendectomy infectious com-
plications. An appropriate choice for 
SSI prophylaxis in uncomplicated 
appendicitis would be any single 
agent or combination of agents that 
provides adequate gram-negative 
and anaerobic coverage. The second-
generation cephalosporins with an-
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aerobic activity and a first-generation 
cephalosporin plus metronidazole 
are the recommended agents on the 
basis of cost and tolerability. Given 
the relatively equivalent efficacy be-
tween agents, a cost-minimization 
approach is reasonable; the choice of 
agents should be based on local drug 
acquisition costs and antimicrobial 
sensitivity patterns.


A wide range of antimicrobials 
have been evaluated for prophy-
laxis in uncomplicated appendicitis. 
The most commonly used agents 
were cephalosporins. In general, a 
second-generation cephalosporin 
with anaerobic activity (cefoxitin or 
cefotetan) or third-generation ceph-
alosporins with partial anaerobic 
activity (cefotaxime) were effective, 
with postoperative SSI rates of <5% 
in most studies.364,375-381 


Piperacillin 2 g was comparable 
to cefoxitin 2 g in a well-controlled 
study.381 Metronidazole used alone 
was less effective than cefotaxime, 
with infection rates above 10%.376 
However, when metronidazole was 
combined with cefazolin, ampicil-
lin,382 or gentamicin,378,383 the post-
operative SSI rates were 3–6%. 


A double-blind, randomized, 
controlled trial was conducted at 
two hospitals to evaluate the effect 
of metronidazole, which is effec-
tive against most anaerobes, and 
cefazolin, which is effective against 
many aerobic organisms, singly and 
in combination, on the rate of sepsis 
after appendectomy.384 Patients were 
randomized into one of four groups: 
metronidazole and placebo, cefazo-
lin and placebo, metronidazole and  
cefazolin, or double placebo. Patients 
with generalized peritonitis were ex-
cluded for ethical reasons. Treatment 
was started before the procedure and 
continued every 8 hours for 24 hours. 
All patients in the trial were followed 
for about two weeks after discharge 
from the hospital, and their surgical 
sites were inspected. A total of 271 
patients were assessed. Sepsis rates 
at the two hospitals were similar. 


Patients who received both cefazolin 
and metronidazole had a signifi-
cantly lower infection rate compared 
with the other groups.384 Consistent 
with the antibacterial spectrum of the 
agents, a prospective study of antimi-
crobial prophylaxis for colorectal pro-
cedures found that the combination 
of metronidazole with aztreonam did 
not show adequate coverage of gram-
positive organisms.385 The Common 
Principles section of these guidelines 
provides additional considerations 
for weight-based dosing.


Duration. In most of the studies of 
second- or third-generation cephalo-
sporins or metronidazole combina-
tions, a single dose376-378,380,383 or two 
or three doses364,379,382 were given. 
Although direct comparisons were 
not made, there was no discernible 
difference in postoperative SSI rates 
between single-dose and multidose 
administration in most studies. A 
randomized trial specifically compar-
ing different durations of regimens 
found no statistical difference between 
a single preoperative dose, three doses 
(preoperative dose plus two additional 
doses), or a five-day regimen.386 A large 
cohort study found that single doses 
of metronidazole and gentamicin in 
patients undergoing open appendec-
tomy were effective and sufficient in 
decreasing the SSI rate.387


Pediatric efficacy. In pediatric 
patients, as with adults, preoperative 
determination of complicated versus 
uncomplicated appendicitis is dif-
ficult. A comprehensive review is not 
provided here, but this topic has been 
addressed by SIS.388


Two pediatric studies demonstrat-
ed no difference in SSI rates between 
placebo and several antimicrobials. 
The first study compared metroni-
dazole, penicillin plus tobramycin, 
and piperacillin.389 The second study 
compared single-dose metronidazole 
and single-dose metronidazole plus 
cefuroxime.390 A meta-analysis in-
cluding both adult and pediatric stud-
ies found that for pediatric patients, 
antimicrobial prophylaxis trended to-


ward being beneficial, but the results 
were not statistically significant.374 A 
retrospective chart review questioned 
the routine need for antimicrobial 
prophylaxis in children with simple 
appendicitis, due to relatively low 
infection rates in children not receiv-
ing prophylaxis.365 However, these 
and other study authors have sug-
gested antimicrobial prophylaxis may 
be considered due to the morbidity 
associated with infectious complica-
tions (e.g., prolonged hospitalization, 
readmission, reoperation) and due to 
the inability to preoperatively identify 
appendicitis. 


As a single agent, metronidazole 
was no more effective than placebo 
in two double-blind studies that in-
cluded children 10 years of age or 
older360 and 15 years of age or older.363 
In a randomized study that included 
pediatric patients, ceftizoxime and  
cefamandole were associated with 
significantly lower infection rates 
and duration of hospitalization than 
placebo.391 Both cefoxitin and a com-
bination of gentamicin and metroni-
dazole were associated with a lower 
rate of postoperative infection in a 
randomized study that included pedi-
atric patients younger than 16 years.378 
Second-generation cephalosporins 
with anaerobic activity (cefoxitin 
or cefotetan) and third-generation 
cephalosporins with anaerobic activ-
ity (cefotaxime) were effective, with 
postoperative infection rates of <5% 
in two studies that included pediatric 
patients younger than 12 years.364,378,379 


A single dose of gentamicin with 
clindamycin was found to be safe 
and effective in children with simple  
appendicitis.392


Recommendations. For uncom-
plicated appendicitis, the recom-
mended regimen is a single dose of a 
cephalosporin with anaerobic activ-
ity (cefoxitin or cefotetan) or a single 
dose of a first-generation cephalo-
sporin (cef azolin) plus metronida-
zole (Table 2). For b-lactam-allergic 
patients, alternative regimens include 
(1) clindamycin plus gentamicin, 
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aztreonam, or a fluoroquinolone and 
(2) metronidazole plus gentamicin or 
a fluoroquinolone (ciprofloxacin or 
levofloxacin). (Strength of evidence 
for prophylaxis = A.)


Small intestine procedures
Background. Small intestine pro-


cedures, or small bowel surgery as 
defined by NHSN, include incision 
or resection of the small intes-
tine, including enterectomy with or 
without intestinal anastomosis or 
enterostomy, intestinal bypass, and 
strictureoplasty; it does not include 
small-to-large bowel anastomosis. 


The risk of SSI in small bowel 
surgery is variable. The Surgical 
Site Infection Surveillance Service 
in England (data collected by 168 
hospitals in 13 categories of surgical 
procedures between 1997 and 2002) 
reported an SSI rate of 8.9% (94 of 
1056).393 Mean SSI rates for small 
bowel procedures reported in the 
most recent NHSN report (2006–08) 
were 3.44% for NHSN risk index cat-
egory 0 versus 6.75% for NHSN risk 
index categories 1, 2, and 3. A study 
of 1472 patients undergoing bowel 
surgery (small bowel and colon) at 
31 U.S. academic medical centers 
between September and December 
2002 found an SSI rate of 8.7% for all 
wound categories. For patients with 
clean-contaminated wounds, the SSI 
rate was 7.9%; for those with con-
taminated or dirty-infected wounds, 
the SSI rates were 12.0% and 20.4%, 
respectively.394


In a study of 178 penetrating 
stomach and small bowel injuries, 
94% of which were operated on 
within six hours of presentation, 
SSIs occurred in nearly 20% of cases. 
When associated colon injuries were 
excluded, SSIs occurred in 16% of 
gastric injuries and 13% of small 
bowel injuries. Although 74% of 
patients received antimicrobials, 
the specific timing of antimicrobial 
administration was not provided.395 
Other studies of small bowel injury 
confirm similar SSI rates.396-400


Antimicrobial prophylaxis is rec-
ommended for small bowel surgery, 
based on inferring effectiveness 
from other clean-contaminated 
procedures. No specific prospective 
randomized studies could be identi-
fied that addressed antimicrobial 
prophylaxis for small bowel surgery. 
Antimicrobial prophylaxis for small 
bowel surgical procedures related 
to a diagnosis of complicated intra- 
abdominal infection is not addressed 
separately in these guidelines, as an-
timicrobial therapy for established 
intraabdominal infection should be 
initiated preoperatively. 


Organisms. The most common 
microorganisms isolated from SSIs 
after small bowel surgery are aerobic 
gram-negative enteric organisms. 
Among the species isolated from 
patients with SSI after small intes-
tine surgery are gram-negative ba-
cilli of gastrointestinal enteric origin 
(aerobic and anaerobic) and gram-
positive species, such as strepto-
cocci, staphylococci, and enterococci, 
which is consistent with similar stud-
ies.401 E. coli is the most frequently 
identified aerobe, indicating that the 
bowel flora constitute a major source 
of pathogens. Aerobic and anaerobic 
streptococci, Staphylococcus species, 
and Enterococcus species also have 
been reported.


The microbiology of 2280 SSIs af-
ter upper or lower abdominal surgery 
conducted from 1999 to 2006 was 
described in the Prevalence of Infec-
tions in Spanish Hospitals (EPINE) 
study.402 The most frequent microor-
ganisms isolated were E. coli (28%), 
Enterococcus species (15%), Strep-
tococcus species (8%), P. aeruginosa 
(7%), and S. aureus (5%; resistant 
to methicillin, 2%). The microbiol-
ogy of SSIs after upper abdominal 
tract surgery did not show any sig-
nificant differences compared with 
SSIs of the lower tract, though there 
were relatively more staphylococci,  
K. pneumoniae, Enterobacter species, 
Acinetobacter species, and Candida 
albicans isolates and fewer E. coli,  


B. fragilis, and Clostridium species in 
the upper abdominal surgery group.402 


Efficacy. Antibiotic prophylaxis 
is generally recognized as effective 
in the prevention of postoperative 
SSIs in patients undergoing small 
bowel surgery when compared with 
placebo. However, there are no pro-
spective placebo-controlled trials to 
definitively establish the efficacy of 
prophylactic antimicrobials in this 
patient population.


Choice of agent. The antimicrobi-
als selected for prophylaxis must 
cover the expected pathogens for the 
small intestine. The microbial ecol-
ogy of the proximal small intestine 
(i.e., jejunum) is similar to that of the 
duodenum, whereas the microbial 
flora of the ileum are similar to those 
of the colon. In patients with small 
intestine obstruction, the microbial 
flora are similar to those of the colon.


No randomized controlled trials 
have confirmed that one antimicro-
bial agent is superior to other agents 
for SSI prophylaxis in small bowel 
surgery. An appropriate antimicrobi-
al choice for SSI prophylaxis in small 
bowel surgery is any single agent or 
combination of agents that provides 
adequate coverage for the small in-
testinal microbes. In patients with 
small bowel obstruction, additional 
coverage of anaerobic bacteria is also 
desirable.


For small intestine procedures 
with no evidence of obstruction, 
a first-generation cephalosporin 
(cefazolin) is recommended. For 
patients with small intestine obstruc-
tion, a first-generation cephalosporin 
with metronidazole or a second- 
generation cephalosporin with  
anaerobic activity (cefoxitin or  
cefotetan) is the recommended agent. 
The choice of agents should be based 
on local drug acquisition costs and 
antimicrobial sensitivity patterns. The 
Common Principles section of these 
guidelines provides additional consid-
erations for weight-based dosing.


Duration. Preoperative dosing of 
antimicrobials for SSI prevention, with 
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additional intraoperative antimicro-
bial dosing dependent on the duration 
of the operation and no postoperative 
dosing, is recommended for patients 
undergoing small bowel surgery. 


Pediatric efficacy. In pediatric 
patients, as with adults, antimicro-
bial prophylaxis for SSI prevention in 
small bowel surgery is recommended.


Recommendations. For small 
bowel surgery without obstruction, 
the recommended regimen is a first-
generation cephalosporin (cefazolin)
(Table 2). For small bowel surgery 
with intestinal obstruction, the rec-
ommended regimen is a cephalospo-
rin with anaerobic activity (cefoxitin 
or cefotetan) or the combination 
of a first-generation cephalosporin 
(cefazolin) plus metronidazole. For 
b-lactam-allergic patients, alterna-
tive regimens include (1) clindamy-
cin plus gentamicin, aztreonam, 
or a fluoroquinolone and (2) met-
ronidazole plus gentamicin or a 
fluoroquinolone (ciprofloxacin or 
levofloxacin). (Strength of evidence 
for prophylaxis = C.)


Hernia repair procedures 
(hernioplasty and herniorrhaphy)


Background. All patients who un-
dergo hernioplasty (prosthetic mesh 
repair of hernia) or herniorrhaphy 
(suture repair of hernia) should 
receive appropriate preoperative i.v. 
antimicrobials for SSI prevention. 
The risk of SSIs is higher in hernio-
plasty compared with herniorrha-
phy.403 There is a significant risk of 
requiring prosthetic mesh removal in 
hernioplasty patients who develop an 
SSI, and determination of whether 
mesh placement will be required for 
hernia repair is not always possible in 
the preoperative period. 


Mean SSI rates for herniorrhaphy 
reported in the most recent NHSN 
report (2006–08) were 0.74% (21 of 
2852) for NHSN risk index category 
0, 2.42% (81 of 3348) for NHSN risk 
index category 1, and 5.25% (67 of 
1277) for NHSN risk index catego-
ries 2 and 3.165  


A Cochrane meta-analysis of 
17 randomized trials (n = 7843; 11 
hernioplasty trials, 6 herniorrha-
phy trials) in elective open inguinal 
hernia repair reported SSI rates of 
3.1% versus 4.5% in the antimicro-
bial prophylaxis and control groups, 
respectively (OR, 0.64; 95% CI, 0.50–
0.82).404 The subgroup of patients 
with herniorrhaphy had SSI rates of 
3.5% and 4.9% in the prophylaxis 
and control groups, respectively (OR, 
0.71; 95% CI, 0.51–1.00). The sub-
group of patients with hernioplasty 
had SSI rates of 2.4% and 4.2% in 
the prophylaxis and control groups, 
respectively (OR, 0.56; 95% CI, 
0.38–0.81).


A meta-analysis of nine random-
ized trials of open hernioplasty for 
inguinal hernia documented SSI rates 
of 2.4% (39 of 1642) in the antimi-
crobial group and 4.2% (70 of 1676) 
in the control group. Antibiotics 
showed a protective effect in prevent-
ing SSI after mesh inguinal hernia 
repair (OR, 0.61; 95% CI, 0.40–0.92). 
Antibiotic prophylaxis did reduce the 
rate of SSI in hernia patients under-
going mesh hernioplasty.405


Based on the results of these two 
systematic reviews, preoperative 
antimicrobial prophylaxis for SSI 
prevention is recommended for both 
herniorrhaphy and hernioplasty. 
Compared with open hernia repair, 
laparoscopic hernia repair has been 
reported to produce lower rates of 
incisional (superficial and deep) SSIs 
in randomized clinical trials.406-408 In 
a recent multicenter randomized trial 
of laparoscopic versus open ventral 
incisional hernia repair (n = 162), 
SSI was significantly less common 
in the laparoscopic group than in 
the open repair group (2.8% versus 
21.9%; OR, 10.5; 95% CI, 2.3–48.2;  
p = 0.003).409 A meta-analysis of eight 
randomized trials comparing laparo-
scopic and open incisional or ventral 
hernia repair with mesh revealed that 
laparoscopic hernia repair was asso-
ciated with decreased SSI rates (rela-
tive risk, 0.22; 95% CI, 0.09–0.54) 


and a trend toward fewer infections 
requiring mesh removal.410 


Organisms. The most common 
microorganisms isolated from SSIs 
after herniorrhaphy and hernioplasty 
are aerobic gram-positive organisms. 
Aerobic streptococci, Staphylococcus 
species, and Enterococcus species are 
common, and MRSA is commonly 
found in prosthetic mesh infections.411 


Efficacy. Antibiotic prophylaxis 
is generally recognized as effective 
when compared with placebo in the 
prevention of postoperative SSIs in 
patients undergoing herniorrhaphy 
and hernioplasty. 


Choice of agent. Randomized con-
trolled trials have failed to identify an 
agent that is clearly superior to other 
agents for SSI prophylaxis in hernia 
repair. A first-generation cephalo-
sporin is the recommended agent on 
the basis of cost and tolerability. The 
Common Principles section of these 
guidelines provides additional con-
siderations for weight-based dosing.


Duration. Based on the evidence 
to date, a single preoperative dose 
of antimicrobial is recommended 
in hernioplasty and herniorrhaphy, 
with redosing as recommended in the 
Common Principles section of these 
guidelines (if the procedure duration 
exceeds the recommended redosing 
interval from the time of initiation 
of the preoperative dose or if there is 
prolonged or excessive bleeding).  


Recommendations. For hernio-
plasty and herniorrhaphy, the rec-
ommended regimen is a single dose 
of a first-generation cephalosporin 
(cefazolin) (Table 2). For patients 
known to be colonized with MRSA, 
it is reasonable to add a single pre-
operative dose of vancomycin to the 
recommended agent. For b-lactam-
allergic patients, alternative regimens 
include clindamycin and vancomycin. 
(Strength of evidence for prophylaxis 
= A.)


Colorectal procedures
Background. SSIs have been re-


ported to occur in approximately 
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4–10% of patients undergoing colon 
procedures, 3–7% in small bowel 
procedures, and 3–27% in patients 
after rectal procedures, based on the 
risk index.165 However, when patients 
are followed carefully in clinical trials, 
rates tend to be considerably higher 
(17–26%).412 Other septic compli-
cations, such as fecal fistula, intra- 
abdominal abscesses, peritonitis, and 
septicemia, are serious concerns but 
are much less common.413 Infectious 
complication rates range from 30% 
to 60% without antimicrobial pro-
phylaxis59,414 and are <10% with ap-
propriate antimicrobial prophylaxis. 
A pooled analysis of clinical trials of 
antimicrobial prophylaxis in colon 
procedures demonstrated that anti-
microbial use significantly reduced 
mortality rates (11.2% for control 
versus 4.5% for treatment) and SSI 
rates.415 


The type and duration of the 
procedure can affect the risk of 
infection. Rectal resection is associ-
ated with a higher risk of infection 
than is intraperitoneal colon resec-
tion.416-418 Other risk factors include 
extended procedure duration (e.g., 
>3.5 hours),59,412,418,419 impaired host 
defenses,418 age of >60 years,418 hy-
poalbuminemia,419,420 bacterial or 
fecal contamination of the surgical 
site,418,420 inadvertent perforation or 
spillage,412,421 corticosteroid therapy,419 
perioperative transfusion of packed 
red blood cells,394,418 hypothermia,422 
hyperglycemia,423,424 and obesity.412,418 


Organisms. The infecting organ-
isms in colorectal procedures are 
derived from the bowel lumen, where 
there are high concentrations of or-
ganisms. B. fragilis and other obligate 
anaerobes are the most frequently 
isolated organisms from the bowel, 
with concentrations 1,000–10,000 
times higher than those of aerobes.425 
E. coli is the most common aerobe.  
B. fragilis and E. coli comprise ap-
proximately 20–30% of the fecal 
mass. They are the most frequently 
isolated pathogens from infected 
surgical sites after colon procedures.


Efficacy. Results from random-
ized controlled trials and a Cochrane 
review of 182 studies of over 30,000 
patients support the routine use 
of prophylactic antimicrobials in 
all patients undergoing colorectal  
procedures.426 


Choice of agent. The agent cho-
sen for antimicrobial prophylaxis in 
colorectal procedures should have 
activity against the anaerobic and 
aerobic floras of the bowel. The 
most appropriate regimen for anti-
microbial prophylaxis for colorectal 
procedure (e.g., oral, i.v, oral–i.v. 
combination) and the optimal choice 
of antimicrobial agent have not been 
fully resolved. 


Oral regimens. The efficacy of oral 
prophylactic antimicrobial agents 
has been established in studies only 
when used with mechanical bowel 
preparation (MBP). A variety of 
oral agents administered after MBP 
have been evaluated for prophylaxis 
for colorectal procedures. The most 
common combinations include an 
aminoglycoside (neomycin and, less 
often, kanamycin, which is only avail-
able in injectable form in the United 
States) plus a medication with an-
aerobic activity, usually erythromy-
cin427-434 or metronidazole.432,433,435-439 
In placebo-controlled studies, the oral 
combination was significantly more 
effective than placebo in reducing 
SSIs.427,433,434,439,440 Postoperative SSI 
rates were 0–11% with neomycin 
plus erythromycin427-432 and 2–13% 
with neomycin and metronida-
zole.436-438 Combinations of neomy-
cin and tetracycline,440 neomycin and 
clindamycin,436 and neomycin and 
tinidazole441 have also been used suc-
cessfully, with postoperative SSI rates 
of <10%. The use of metronidazole 
as a single agent appears to be less 
effective, with reported SSI rates of 
12–15%.442-444


Oral antimicrobials have been com-
pared with i.v. agents in a few studies. 
Oral neomycin plus oral erythromycin 
was similarly effective as i.v. cefoxitin in 
one study429 but inferior in another445 


and was similarly effective as i.v. cef-
triaxone plus i.v. metronidazole in 
patients undergoing elective colorectal 
procedures.431 The addition of i.v. cef-
amandole to oral neomycin plus oral 
erythromycin did not improve effica-
cy.430 In one of these studies, oral neo-
mycin and erythromycin were more 
effective than i.v. cefoxitin for proce-
dures lasting longer than 4 hours.445 
A randomized controlled study was 
stopped early due to the significantly 
higher rate of infection in the oral neo-
mycin and erythromycin group (41%) 
compared with the single-dose i.v. 
metronidazole and ceftriaxone group 
(9.6%) (p < 0.01).446 Similarly, a study 
of oral metronidazole and kanamycin 
compared with the same medica-
tions given intravenously found an 
increased rate of postoperative sep-
sis (36% versus 6.5%, respectively)  
(p < 0.001), greater numbers of E. coli 
resistant to kanamycin, more bacte-
rial overgrowth, and antimicrobial-
associated pseudomembranous colitis 
in the oral group.447 However, the oral 
antimicrobials were not given on a 
schedule expected to be effective, as 
they were discontinued 36 hours be-
fore the procedure. The fact that oral 
antibiotics were given for three days 
rather than less than one day, as is the 
current practice, was suggested as a 
possible reason for the resistance and 
colitis observed. 


I.V. regimens. A wide range of i.v. 
antimicrobials have been evaluated 
for prophylaxis in colorectal proce-
dures. Cephalosporins are the most 
common agents, usually adminis-
tered as a single agent. The major-
ity of studies found that single-agent 
first-generation cephalosporins  
(cefazolin and cephalothin)445,448-451 
were ineffective, with postopera-
tive SSI rates ranging from 12% 
to 39%.448,449 The lack of efficacy is 
likely due to their lack of B. fragilis  
activity. The combination of cef-
azolin and metronidazole provides 
adequate coverage of pathogens and 
may be a cost-effective prophylaxis 
strategy.6,41 
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Second-generation cephalospo-
rins with anaerobic activity, such as 
cefoxitin and cefotetan, have been 
widely evaluated. In single-agent 
therapy, SSI rates ranged from 0% to 
17%91,417,445,452-459; however, more than 
half of the studies found SSI rates of 
>10%. 


Third-generation agents, cefo-
taxime and ceftriaxone, have been 
evaluated in a few trials; post-
operative SSI rates were 8–19%  
with single-agent use.456,460,461 In  
some studies, second- or third- 
generation cephalosporins were 
combined with other i.v. agents, most 
commonly metronidazole.452,459-462 
However, in all but one of these  
studies, a combination of a second- 
or third-generation cephalosporin 
plus metronidazole was no more  
effective than the cephalosporin 
alone. The use of third- or fourth-
generation cephalosporins for rou-
tine antimicrobial prophylaxis is 
not recommended as use may lead 
to development of resistant organ-
isms.6,41,444,463 However, in institu-
tions where there is increasing gram- 
negative resistance from isolates to 
first- and second-generation cepha-
losporins, a single dose of ceftriaxone 
plus metronidazole may be preferred 
over routine use of carbapenems. 


Three small studies, with un-
der 200 patients each, found  
i .v. ampic i l l in–sulbactam or  
amoxicillin–clavulanate to be as 
effective as i.v. combinations of 
gentamicin and metronidazole,464 


gentamicin and clindamycin,465 and 
cefotaxime and metronidazole for 
preventing SSIs in elective colorectal 
procedures. 


A randomized controlled study 
of adult patients undergoing elective 
colon or rectal procedures evalu-
ated the use of a single high dose of 
gentamicin 4.5 mg/kg i.v. plus met-
ronidazole 500 mg i.v. in sequential 
order over 30 minutes compared 
with multiple standard doses of gen-
tamicin 1.5 mg/kg plus metronida-
zole given preoperatively and every 8 


hours for 24 hours postoperatively.16 
All patients underwent MBP before 
surgery. Patients with a serum cre-
atinine concentration exceeding 1.7 
mg/L were excluded from the study. 
No statistically significant differences 
were seen in deep and superficial 
incisional SSI rates between groups. 
Significantly fewer superficial SSIs 
were seen in the single-dose group 
compared with the multidose group 
in procedures lasting longer than 3.5 
hours (22.2% versus 55%, p = 0.021). 
A pharmacodynamic study of these 
patients found the gentamicin con-
centration at the time of surgical-site 
closure as the strongest independent 
factor for infection.17 Of note, the 
infection rate was 80% in 10 patients 
with gentamicin concentrations of 
<0.5 mg/L.


Other i.v. agents that have been 
evaluated either alone or in combina-
tion include aminoglycosides,464,466-469 
clindamycin,466 ampicillin,467,469-471 
penicillins plus b-lactamase inhibi-
tors,464,465,468,472,473 doxycycline,470,474-476 
piperacillin,91,473 imipenem,462 and 
ciprofloxacin.300 


Ertapenem, a broad-spectrum 
carbapenem, is approved by FDA for 
the prophylaxis of SSIs after elective 
colorectal procedures.67 Cefotetan 
is also FDA approved for surgical 
prophylaxis in clean-contaminated 
procedures (e.g., gastrointestinal 
procedures) in adult patients un-
dergoing elective colon or rectal 
procedures.62 A large, multicenter, 
randomized controlled study com-
pared a single 1-g i.v. dose of erta-
penem with cefotetan 2 g i.v. infused 
within 60 minutes before surgical 
incision.412 All patients received MBP 
preoperatively. SSI rates were signifi-
cantly lower in the ertapenem group 
versus cefotetan in the per-protocol 
(18.1% and 31.1%, respectively) and 
the modified intent-to-treat (17.1% 
and 50.9%) populations. Ertapenem 
was found to be superior to cefotetan 
for SSI prevention. Although not sta-
tistically significant, higher rates of 
skin-related events (i.e., pruritis and 


rash), gastrointestinal events, and 
C. difficile infection were seen in the 
ertapenem group. The study authors 
concluded that ertapenem is an ac-
ceptable alternative to cefotetan and 
cefoxitin. Routine use of erta penem 
for surgical prophylaxis remains 
controversial due to theoretical con-
cerns regarding increases in resistant 
organisms and a potential increase in 
adverse events.477


Alternative agents for patients 
with a high likelihood of past se-
rious adverse event or allergy to 
b-lactams include (1) clindamycin 
plus an aminoglycoside, aztreonam, 
or a fluor oquinolone and (2) metro-
nidazole plus an aminoglycoside or 
a fluoroquinolone.41 


Combination oral and i.v. regi-
mens. Combinations of oral and i.v. 
antimicrobials have been used in an 
attempt to further reduce postop-
erative infection rates. Regimens 
include oral neomycin and eryth-
romycin plus i.v. administration of 
a cephalosporin,416,417,429,445,449,478,479 
metronidazole,480,481 and gentamicin 
plus clindamycin.466 Postoperative 
SSI rates in these studies ranged from 
0% to 7%. With one exception,416 
there was no significant difference 
between oral neomycin–erythro-
mycin plus an i.v. antimicrobial 
and oral neomycin–erythromycin 
alone.429,449,466,478 When combination 
oral and i.v. agents were compared 
with i.v. agents alone, combination 
therapy was favored in five of six 
studies417,429,445,449,480,482; the difference 
was significant in three.417,449,482 The 
most recent Cochrane review found 
that the infection rate was signifi-
cantly lower with the combination 
of oral plus i.v. prophylaxis when 
compared with i.v. alone (relative 
risk, 0.55; p = 0.000084) or with 
oral prophylaxis alone (relative risk, 
0.34; p = 0.024).426 A recent report 
of over 2000 patients recorded pro-
spectively in the Michigan Surgical 
Quality Collaborative—Colectomy 
Best Practices Project and analyzed 
retrospectively revealed a signifi-
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cantly lower rate of postoperative 
infections when 370 colectomy 
patients received MBP and oral an-
timicrobial prophylaxis compared 
with propensity-matched patients 
receiving i.v. prophylaxis alone.483


A multicenter, randomized, con-
trolled study of 491 patients who 
received MBP plus oral antimicrobi-
als (kanamycin and erythromycin) 
with i.v. cefmetazole (not available 
in the United States but noted by the 
expert panel to have a similar spec-
trum of activity as cefotetan) or i.v. 
cefmetazole alone found no differ-
ence in SSI between groups for colon 
procedures.484 However, the combi-
nation of oral and i.v. antimicrobials 
was significantly better than i.v. alone 
for rectal procedures, particularly 
abdominoperineal excision. Another 
study found the postoperative SSI 
rates after rectal resection were 23% 
and 11%, respectively, for patients re-
ceiving i.v. cefoxitin and cefoxitin plus 
oral neomycin and erythromycin. 417


The safety and tolerability of oral 
antimicrobials have been investigated 
in two studies. One case–control 
study found an increased incidence 
of C. difficile colitis among patients 
with oral plus i.v. antimicrobi-
als and MBP compared with i.v. 
antimicrobials and MBP alone.485 
However, another case–control study 
found a lower rate (not statistically 
significant) of C. difficile infection 
in patients who had received oral 
antimicrobials compared with those 
who had not (1.6% versus 2.9%,  
p = 0.09).486 A randomized controlled 
study of 300 patients undergoing 
elective colorectal procedures found 
significantly higher rates of nausea 
and vomiting among patients receiv-
ing three doses of oral antimicrobials 
(neomycin and metronidazole, 44% 
and 31%, respectively) in combina-
tion with i.v. cefoxitin and MBP 
compared with regimens including 
one dose of oral antimicrobials (18% 
and 11%, respectively) and no oral 
antimicrobials (13% and 9%, respec-
tively).487 No difference was noted 


between groups for rates of abdomi-
nal pain, SSIs, or intraabdominal 
abscesses. An increased number of 
gastrointestinal adverse events was 
also reported in another comparative 
study in the combination oral and 
i.v. group (2.9%) compared with the 
i.v.-only group (2.1%), although the 
results were not statistically signifi-
cant.484 Overall, the evidence suggests 
that the combination of oral antimi-
crobials with MBP in addition to i.v. 
prophylactic antimicrobials reduces 
the rate of postoperative infections 
compared with i.v. antimicrobials 
alone without MBP, although the 
addition of oral antimicrobials in-
creases gastrointestinal symptoms. 


Duration. Single and multiple 
doses were compared in several stud-
ies.454-456,461,471,475 However, only two of 
these studies compared single doses 
with multiple doses of the same 
antimicrobial.471,475 There was no sig-
nificant difference in infection rates 
between single-dose and multidose 
administration. One study found a 
single dose of cefotaxime plus met-
ronidazole was significantly more ef-
fective than three doses of cefotaxime 
alone.461 The most recent Cochrane 
review found no benefit to extend-
ing the duration of prophylaxis  
(p = 0.58).426 Generally, antimicrobial 
prophylaxis should be continued for 
no more than 24 hours and can typi-
cally be stopped when the procedure 
is completed and the surgical site is 
closed.6,41,444 No evidence supports 
greater efficacy for doses given after 
the completion of the procedure. 


Additional discussion on this topic 
is found in the Common Principles 
section of these guidelines.


Consideration should be given 
to an additional dose of the i.v. an-
timicrobial if an agent with a short 
half-life is used and the procedure 
duration exceeds the recommended 
redosing interval (starting from the 
time of initiation of the preoperative 
dose) and if intraoperative blood loss 
occurs.6,41,120,418,444,445 No significant 
difference was seen in SSI rates with 


single-dose cefazolin, single-dose 
cefotetan, and cefazolin given as one 
preoperative dose and a second dose 
three hours later for procedures with 
a duration of less than three hours.118 
SSI rates were significantly higher 
with a single dose of cefazolin for 
procedures with a duration of greater 
than three hours. Using an agent with 
a longer half-life can decrease the 
necessity to redose the antimicrobial 
during long procedures. 


Pediatric efficacy.  No well- 
controlled studies have evaluated 
the efficacy of antimicrobial prophy-
laxis in pediatric patients undergo-
ing colorectal procedures. However, 
there is no reason to suspect that 
prophylaxis efficacy would be differ-
ent. The safety, efficacy, tolerability, 
and cost-effectiveness of intestinal 
lavage have been demonstrated in 
two studies of 20 and 21 pediatric 
patients.488,489


Recommendations. A single dose 
of second-generation cephalosporin 
with both aerobic and anaerobic 
activities (cefoxitin or cefotetan) 
or cefazolin plus metronidazole is 
recommended for colon procedures 
(Table 2). In institutions where there 
is increasing resistance to first- and 
second-generation cephalosporins 
among gram-negative isolates from 
SSIs, the expert panel recommends 
a single dose of ceftriaxone plus 
metronidazole over routine use of 
carbapenems. An alternative regi-
men is ampicillin–sulbactam. In most 
patients, MBP combined with a com-
bination of oral neomycin sulfate 
plus oral erythromycin base or oral 
neomycin sulfate plus oral metroni-
dazole should be given in addition 
to i.v. prophylaxis. The oral antimi-
crobial should be given as three doses 
over approximately 10 hours the 
afternoon and evening before the op-
eration and after the MBP. Alternative 
regimens for patients with b-lactam 
allergies include (1) clindamycin plus 
an aminoglycoside, aztreonam, or a 
fluoroquinolone and (2) metroni-
dazole plus an aminoglycoside or a 







ASHP RePoRt Antimicrobial prophylaxis


227Am J Health-Syst Pharm—Vol 70  Feb 1, 2013


fluoroquinolone. Metronidazole plus 
aztreonam is not recommended as an 
alternative because this combination 
has no aerobic gram-positive activ-
ity.385 (Strength of evidence for pro-
phylaxis = A.) 


Head and neck procedures
Background. Elective procedures 


of the head and neck are predomi-
nantly clean or clean-contaminated.490 
Clean procedures include thyroid-
ectomy and lymph node excisions. 
Clean-contaminated procedures in-
clude all procedures involving an 
incision through the oral or pharyn-
geal mucosa, ranging from paroti-
dectomy, submandibular gland exci-
sion, tonsillectomy, adenoidectomy, 
and rhinoplasty to complicated 
tumor-debulking and mandibular 
fracture repair procedures requiring 
reconstruction. The frequency of 
SSIs reported for clean procedures 
without antimicrobial prophylaxis is 
<1%.491,492 In contrast, infection rates 
in patients undergoing complicated 
head and neck cancer surgery are 
quite high, with infection occurring 
in 24–87% of patients without an-
timicrobial prophylaxis.493-497 While 
many of these head and neck cancer 
procedures are clean-contaminated, 
these procedures can fall into differ-
ent wound classifications. Head and 
neck cancer patients often have many 
of the risk factors for infection men-
tioned below.498  


Postoperative SSI rates are af-
fected by age, nutritional status, and 
the presence of concomitant medical 
conditions such as diabetes mellitus, 
anemia, and peripheral vascular 
disease.496,499-504 Use of tobacco,498,505 
alcohol,505,506 or drugs of abuse507 has 
also been associated with a higher 
risk of postoperative infection, par-
ticularly in patients with mandibular 
fracture. The hospital course, includ-
ing length of hospitalization before 
operation, duration of antimicrobial 
use before operation, length of op-
eration, presence of implants, and 
previous tracheotomy can also affect 


postoperative SSI rates.496,497,501-504,508 
In patients with cancer, preoperative 
radiation and chemotherapy as well 
as the stage of the malignancy may 
also affect infection risk.497,498,502-504 
Procedure-related risk factors for 
infection include radical or bilateral 
neck dissections501,508 and reconstruc-
tion with myocutaneous flaps or 
microvascular-free flaps.497-499,508 


Organisms. The normal floras of 
the mouth and the oropharynx are 
responsible for most infections that 
follow clean-contaminated head and 
neck procedures.6,8,496,498,499,506,509-519 An-
aerobic and aerobic bacteria are abun-
dant in the oropharynx. As a result, 
postoperative SSIs are usually polymi-
crobial and involve both aerobic and 
anaerobic bacteria. The predominant 
oropharyngeal organisms include 
various streptococci (aerobic and an-
aerobic species), other oral anaerobes 
including Bacteroides species (but not 
B. fragilis), Peptostreptococcus species, 
Prevotella species, Fusobacterium spe-
cies, Veillonella species, Enterobacte-
riaceae, and staphylococci. Nasal flora 
includes Staphylococcus species and 
Streptococcus species. 


Efficacy. Clean procedures. Sys-
temic administration of prophylactic 
antimicrobials has not been proven 
effective in reducing SSI rates in pa-
tients undergoing clean procedures 
of the head and neck and are not 
recommended for routine use.6-8,497,520 


One randomized, double-blind, mul-
ticenter study of 500 patients under-
going thyroid procedures for goiter 
or carcinoma found no difference 
in postoperative SSI rates in those 
who received antimicrobial prophy-
laxis (0.8%) and those who did not 
(0.4%).491 


Clean-contaminated procedures. 
Based on the best available evidence, 
current guidelines and review articles 
recommend the use of antimicrobial 
prophylaxis for the majority of clean-
contaminated procedures.6-8,497,520,521 
However, antimicrobial prophylaxis 
did not lower infection risk in ran-
domized controlled trials of patients 


undergoing adenoidectomy, tonsil-
lectomy,522,523 and septoplasty,524 
and systematic reviews have not 
recommended prophylaxis for these 
procedures.7,525,526 


The efficacy of antimicrobial pro-
phylaxis is best established for head 
and neck cancer surgery. Several 
small randomized, controlled trials 
found high infection rates in placebo 
groups (24–78%) and markedly low-
er infection rates in the prophylaxis 
groups (5.8–38%) using a variety 
of regimens, including cefazolin, 
third-generation cephalosporins, 
and ampicillin plus cloxacillin. Al-
though these studies were small, the 
results are concordant, and the high 
infection rates allowed the studies to 
reach statistical significance despite 
the small sample sizes. Similar results 
were reported in several additional 
small, uncontrolled studies.500,527-529


Choice of agent. Several random-
ized, single-center studies have com-
pared antimicrobial regimens for 
clean-contaminated procedures.  
In  one  s tudy, 189  pat ients  
undergoing head and neck cancer 
procedures were randomized to 
receive cefazolin 1 g (n = 92) or 
amoxicillin–clavulanate (n = 97), 
both given within one hour of inci-
sion and every eight hours post-
operatively for three doses.511 The 
postoperative SSI rates were 24%  
with cefazolin and 21% with 
amoxicill in–clavulanate; there was 
no statistically significant difference 
in infection rates in this under-
powered study. Two studies have 
compared ampicillin–sulbactam to 
clindamycin and yielded discordant 
results. One study of 242 patients 
(169 evaluable) undergoing head and  
neck cancer procedures compared 
ampicillin–sulbactam 1.5 g (n = 119) 
and clindamycin 600 mg (n = 123) 
given within one to two hours of 
incision and every six hours postop-
eratively for a total of four doses.510 
No difference in SSIs was found, with 
15 infections reported in each group 
(13% for the ampicillin–sulbactam 
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group and 12% for the clindamycin 
group). There was no significant dif-
ference in adverse events between 
groups. There was a higher rate of 
C. difficile-positive patients in the 
clindamycin group (n = 7) than in the 
ampicillin–sulbactam group (n = 1), 
with no reported statistical analysis. 
Another study of 212 patients un-
dergoing clean-contaminated head 
and neck oncology surgery found 
significantly fewer infections in the 
ampicillin–sulbactam group (13.3%) 
compared with the clindamycin 
group (27.1%) (p = 0.02).530 A greater 
number of gram-negative pathogens 
were recovered from patients ran-
domized to the clindamycin group. 
The combination of gentamicin and 
clindamycin was superior to cefazolin 
in one older clinical trial.531


Duration. Studies of  clean- 
contaminated head and neck proce-
dures found no difference in efficacy 
between regimens of 24 hours and 
longer regimens of three, five, or seven 
days.499-501,505,507,512,524,531-534 Limited data 
exist on single-dose prophylaxis in 
these procedures. 


One study of patients undergo-
ing free-flap reconstruction after 
head and neck procedures found a 
significantly lower rate of acquisition 
and infection with MRSA in patients 
receiving short-term cefuroxime and 
metronidazole (one dose during in-
duction of anesthesia and one dose 
eight hours postoperatively) com-
pared with long-term therapy (same 
antimicrobials with additional doses 
every eight hours for up to five days) 
(p = 0.005 and p = 0.01, respectively, 
for acquisition and infection).535


Recommendations. Clean proce-
dures. Antimicrobial prophylaxis is 
not required in patients undergoing 
clean surgical procedures of the head 
and neck. If there is placement of 
prosthetic material, a preoperative 
dose of cefazolin or cefuroxime is 
reasonable, though there are few data 
supporting the efficacy of prophylaxis 
in this setting (Table 2). A reasonable 
alternative for patients with b-lactam 


allergies is clindamycin. (Strength of 
evidence against prophylaxis without 
prosthesis placement = B; strength of 
evidence for prophylaxis with pros-
thesis placement = C.)


Clean-contaminated procedures. 
Antimicrobial prophylaxis has not 
been shown to benefit patients un-
dergoing tonsillectomy or functional 
endoscopic sinus procedures. The 
preferred regimens for patients un-
dergoing other clean-contaminated 
head and neck procedures are (1) cef-
azolin or cefuroxime plus metroni-
dazole and (2) ampicillin–sulbactam. 
Clindamycin is a reasonable alterna-
tive in patients with a documented 
b-lactam allergy. The addition of an 
aminoglycoside to clindamycin may 
be appropriate when there is an in-
creased likelihood of gram-negative 
contamination of the surgical site. 
(Strength of evidence for prophy-
laxis in cancer surgery patients = A; 
strength of evidence for prophylaxis 
for other clean-contaminated pro-
cedures except tonsillectomy and 
functional endoscopic sinus proce-
dures = B.)


Neurosurgery procedures
Background. Nosocomial central 


nervous system (CNS) infections do 
not often occur but have potentially 
serious consequences and poor out-
comes, including death.536 One of 
the greatest risks for these infections 
in children and adults is undergoing 
a neurosurgical procedure. A clas-
sification system for neurosurgery, 
validated by Narotam et al.,537 divides 
procedures into five categories: clean, 
clean with foreign body, clean- 
contaminated, contaminated, and 
dirty. Risk factors for postoperative 
infections after neurological proce-
dures include an ASA classification 
of ≥2,538 postoperative monitoring of 
intracranial pressure538,539 or ventric-
ular drains536,538 for five or more days, 
cerebrospinal fluid (CSF) leak,539-541 
procedure duration of more than 
two to four hours,540,542-544 diabetes,544 
placement of foreign body,536 repeat 


or additional neurosurgical proce-
dures,538,541-543 concurrent (remote, 
incision, or shunt) or previous shunt 
infection,536,539,545,546 and emergency 
procedures.542,545 


Organisms. Data from most 
published clinical trials indicate 
that SSIs are primarily associat-
ed with gram-positive bacteria, 
S. aureus, and coagulase-negative 
staphylococci.6,8,537-545,547-554 Sev-
eral cohort studies revealed high 
rates (up to 75–80% of isolates) of 
MRSA540-543,548-552 and coagulase- 
negative staphylococci among pa-
tients undergoing a variety of neuro-
surgical procedures.539,540,543,549 Other 
skin organisms such as P. acnes 
may be seen after CSF shunt place-
ment, craniotomy, and other proce-
dures.536,555,556 Gram-negative bacteria 
have also been isolated as the sole 
cause of postoperative neurosurgical 
SSIs in approximately 5–8% of cases 
and have been isolated in polymicro-
bial infections.537-539,541-545,547-550,552,553 


Efficacy. Clean procedures. An-
timicrobial prophylaxis is recom-
mended for adult and pediatric 
patients undergoing craniotomy 
and spinal procedures.7,520 One meta- 
analysis of six studies found de-
creased odds of meningitis in pa-
tients undergoing craniotomy who 
received antimicrobial prophylaxis 
(1.1%) versus no prophylaxis (2.7%) 
(p = 0.03).557 Two cohort studies540,543 
in patients undergoing craniotomy 
at the same institution found that 
antimicrobial prophylaxis with clox-
acillin or amoxicillin–clavulanate, 
clindamycin for b-lactam-allergic 
patients, and other antimicrobials 
(not detailed) had a significantly 
lower infection rate (5.8%) than no 
prophylaxis (9.7%) (p < 0.0001).543 
A significantly lower infection rate 
of 4.6% was seen in low-risk patients 
(clean craniotomy, no implant) with 
antimicrobial prophylaxis compared 
with those without prophylaxis 
(4.6% versus 10%, p < 0.0001). A 
significantly lower rate of scalp infec-
tions, bone flap osteitis, and abscess 
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or empyema was seen with antimi-
crobial prophylaxis compared with 
no prophylaxis. Antimicrobial pro-
phylaxis demonstrated no difference 
in postoperative meningitis540,543 and 
infection rates in high-risk patients 
(those undergoing emergency, clean-
contaminated, and dirty procedures 
or reoperation or with operative 
times exceeding four hours).543 


Prospective studies involving large 
numbers of patients have also dem-
onstrated lower neurosurgical post-
operative infection rates when anti-
microbial prophylaxis is used.558-561 
One such study of patients undergo-
ing craniotomy, spinal, or shunting 
procedures was stopped early be-
cause of an excessive number of SSIs 
in the placebo group.562


Choice of agent. Studies of clean 
neurosurgical procedures report-
ed antimicrobial regimens includ-
ing clindamycin,540,543,557 vancomy-
cin,542,557 cefotiam (not marketed 
in the United States),557 piperacill-
in,557 cloxacillin,540,543,557 oxacill-
in,542,557 cefuroxime,547 cefotaxime,548  
sulfamethoxazole–trimethoprim,548  
cefazolin,542,544 penicillin G,542 and 
amoxicillin–clavulanate.540,542,543 A 
meta-analysis found no significant 
difference in the rates of postcra-
niotomy meningitis with various 
antimicrobial regimens (single-dose 
regimens of clindamycin, vancomy-
cin, or cefotiam; three doses of piper-
acillin; four doses of cloxacillin; and 
six doses of oxacillin).557 


A randomized, open-label, mul-
ticenter study of 613 adult patients 
undergoing elective craniotomy, 
shunt, or stereotactic procedures 
found no difference in single doses 
of cefotaxime and trimethoprim–
sulfamethoxazole in postoperative 
abscess formation, SSIs, and shunt 
infections.548 


Duration. The majority of stud-
ies included single doses of antimi-
crobials; therefore, the use of single- 
dose antimicrobial prophylaxis 
given within 60 minutes before 
surgical incision in patients un-


dergoing neurosurgery is generally  
recommened.6,7,520,540,543,547,548,557,563 


Efficacy for CSF-shunting pro-
cedures. Antimicrobial prophylaxis 
is recommended for adults under-
going placement of a CSF shunt.7 
Prophylaxis in patients undergoing 
ventriculostomy or intraventrical 
prophylaxis at the time of ventriculo-
peritoneal shunt insertion has shown 
some benefit in reducing infection 
but remains controversial due to lim-
ited evidence.6,7 


Because CNS infections after 
shunting procedures are responsible 
for substantial mortality and morbid-
ity, especially in children, the possible 
role of prophylactic antimicrobials 
in such procedures has been studied 
in numerous small, well-conducted, 
randomized controlled trials.564-571 
Meticulous surgical and aseptic tech-
niques and short procedure times were 
determined to be important factors 
in lowering infection rates after shunt 
placement. Although the number of 
patients studied in each trial was small, 
two meta-analyses of these data dem-
onstrated that antimicrobial prophy-
laxis use in CSF-shunting procedures 
reduced the risk of infection by ap-
proximately 50%.572,573


Intrathecal pump placement in-
volves the implantation of a perma-
nent intrathecal catheter to allow 
instillation of medication. CNS 
infections may occur after these 
procedures, which are performed in 
both pediatric and adult populations. 
Several retrospective series have re-
ported infection rates of 4.5–9% after 
intrathecal baclofen pump place-
ment.574-576 There are minimal pub-
lished trial data regarding appropri-
ate prophylaxis for intrathecal pump 
procedures. It has been suggested 
that prophylaxis for intrathecal 
pump procedures be managed simi-
larly to prophylaxis for CSF-shunting 
procedures.577 


There is no consensus on the use 
of antimicrobial prophylaxis in pa-
tients with extraventricular drains 
(EVDs) or intracranial pressure 


monitors.134 An international survey 
of neurosurgeons and critical care 
medicine and infectious diseases 
specialists illustrates the difference 
in practices. The majority of neuro-
surgeons used or recommended the 
use of antimicrobial prophylaxis with 
EVDs (73.5%) and other monitoring 
devices (59%), compared with rates 
of 46–59% for critical care medicine 
specialists and 35% for infectious 
diseases specialists. The majority of 
specialists did not recommend or use 
antimicrobial-coated EVD catheters. 


Two randomized controlled  
studies comparing antimicrobial- 
impregnated shunts to standard, 
non-antimicrobial-impregnated 
shunts along with antimicrobial 
prophylaxis with i.v. cephalosporin 
found a decrease in rates of shunt in-
fections549 and a significant decrease 
in CSF infection with antimicrobial- 
impregnated shunts.545 At this  
time, routine use of antimicrobial-
impregnated devices is not recom-
mended; additional well-designed 
studies are needed to establish their 
place in therapy.7,578


Choice of agent. In CSF-shunting 
procedures, no single antimicro-
bial agent has been demonstrated 
to have greater efficacy than oth-
ers.546,548,551-554,579 There is a lack of 
data on the necessity of antimicro-
bials with CNS penetration relating 
to prevention of infection in CNS 
shunting procedures.


Duration. The majority of stud-
ies support the use of single-dose 
prophylaxis regimens or regimens 
with a duration of 24–48 hours 
postoperatively.6-8,520,539,546,549-552,579 


There is a lack of data evaluating 
the continuation of EVDs with and 
without antimicrobial prophylaxis. 
The international survey mentioned 
above asked respondents to indicate 
their recommended duration for an-
timicrobial prophylaxis with EVDs as 
either periprocedural, for 24 hours, 
for the first three days, for the entire 
time the device is in place, or other.135 
The respondents from the specialties 
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of neurosurgery, neurocritical care, 
and critical care had similar results, 
with 28–31% using or recommending 
periprocedural antimicrobials, 4–10% 
for 24 hours, 2–4% for the first three 
days, 43–64% for the entire time the 
device is in place, and 0–14% for 
other. The infectious diseases special-
ists reported rates of 62%, 19%, 4%, 
12%, and 4%, respectively. 


One retrospective single-center 
cohort study of 308 patients with 
EVDs placed for three days or more  
received antimicrobial prophylaxis 
for the duration of EVD use (n = 
209) compared with patients receiv-
ing cefuroxime 1.5 g i.v. every eight 
hours for three doses or less fre-
quently periprocedurally (timing not 
clearly defined in article) (n = 99).580 
The overall rate of bacterial ventricu-
litis was 3.9%, with 8 patients (3.8%) 
in the extended-use group and 4 
patients (4%) in the short-term 
prophylaxis group, the difference of 
which was not significant. The study 
authors concluded that there was no 
benefit to the use of a prolonged du-
ration of antimicrobial prophylaxis.


Pediatric efficacy for CSF- 
shunting procedures. Antimicro-
bial prophylaxis is recommended for 
children undergoing a CSF-shunting 
procedure.7 The efficacy of antimi-
crobial prophylaxis is extrapolated 
from adult studies.


A retrospective pediatric study of 
384 CSF-shunting procedures found 
a lower infection rate in patients 
who received antimicrobials (2.1%) 
compared with those who did not 
(5.6%), but this difference failed to 
reach statistical significance.581 Two 
randomized, prospective studies 
that included pediatric patients did 
not demonstrate a significant dif-
ference in infection rates between 
the control group and the groups 
that received cefotiam571 (not avail-
able in the United States) or methi-
cillin.568 A randomized, double-blind, 
placebo-controlled study that in-
cluded pediatric patients undergoing 
ventriculoperitoneal shunt surgeries 


failed to demonstrate that the use 
of perioperative sulfamethoxazole– 
trimethoprim reduced the frequency 
of shunt infection.564


Other studies have demonstrated 
efficacy for prophylactic antimicrobi-
als.566,582 A single-center, randomized, 
double-blind, placebo-controlled 
trial of perioperative rifampin plus 
tri methoprim was performed in pe-
diatric patients.582 Among patients re-
ceiving rifampin plus trimethoprim, 
the infection rate was 12%, compared 
with 19% in patients receiving pla-
cebo. The study was ended because 
of the high infection rates before sig-
nificance could be achieved. Infection 
rates at the study institution had been 
7.5% in the years before the study. An 
open-label randomized study, includ-
ing pediatric patients, demonstrated a 
lower infection rate in a group receiv-
ing oxacillin (3.3%) than in a control 
group (20%).566


Recommendations. A single dose 
of cefazolin is recommended for 
patients undergoing clean neuro-
surgical procedures, CSF-shunting 
procedures, or intrathecal pump 
placement (Table 2). Clindamycin 
or vancomycin should be reserved 
as an alternative agent for patients 
with a documented b-lactam allergy 
(vancomycin for MRSA-colonized 
patients). (Strength of evidence for 
prophylaxis = A.) 


Cesarean delivery procedures
Background. Approximately 1.2 


million infants are born by cesarean 
delivery in the United States annu-
ally.583 The infection rate after cesar-
ean delivery has been reported to be 
4–15%,583 though recent NHSN data 
showed an infection rate of 2–4%.165


Postpartum infectious complica-
tions are common after cesarean 
delivery. Endometritis (infection of 
the uterine lining) is usually identi-
fied by fever, malaise, tachycardia, 
abdominal pain, uterine tenderness, 
and sometimes abnormal or foul-
smelling lochia.584 Fever may also be 
the only symptom of endometritis.


Endometritis has been reported 
to occur in up to 24% of patients in 
elective cesarean delivery and up to 
approximately 60% of patients un-
dergoing nonelective or emergency 
section.584,585 Risk factors for endo-
metritis include cesarean delivery, 
prolonged rupture of membranes, 
prolonged labor with multiple vagi-
nal examinations, intrapartum fever, 
and low socioeconomic status.585,586 
Patients with low socioeconomic 
status may have received inadequate 
prenatal care.


The factor most frequently asso-
ciated with infectious morbidity in 
postcesarean delivery is prolonged 
labor in the presence of ruptured 
membranes. Intact chorioamni-
otic membranes serve as a protective 
barrier against bacterial infection. 
Rupture of the membrane exposes 
the uterine surface to bacteria from 
the birth canal. The vaginal fluid 
with bacterial flora is drawn into 
the uterus when it relaxes between 
contractions during labor. Women 
undergoing labor for more than six 
to eight hours in the presence of 
ruptured membranes should be con-
sidered at high risk for developing 
endometritis.587 Other risk factors for 
SSIs after cesarean delivery include 
systemic illness, poor hygiene, obe-
sity, and anemia.587,588


Organisms. The normal flora of 
the vagina include staphylococci, 
streptococci, enterococci, lactoba-
cilli, diphtheroids, E. coli, anaerobic 
streptococci (Peptococcus species 
and Peptostreptococcus species), Bac-
teroides species (e.g., Bacteroides 
bivius, B. fragilis), and Fusobacte-
rium species.584,587,589-592 Endometritis 
infections are often polymicrobial 
and include aerobic streptococcus 
(particularly group B b-hemolytic 
streptococcus and enterococci), 
gram-negative aerobes (particularly 
E. coli), gram-negative anaerobic 
rods (particularly B. bivius), and 
anaerobic cocci (Peptococcus species 
and Peptostreptococcus species). Ure-
aplasma urealyticum has been com-
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monly isolated from endometrial 
and surgical-site cultures. Additional 
commonly isolated organisms from 
SSIs include Staphylococcus species 
and enterococci.


Efficacy. While the use of anti-
microbial prophylaxis in low-risk 
procedures (i.e., those with no active 
labor and no rupture of membranes) 
has been brought into question 
by the results of several random-
ized, placebo-controlled studies that 
found no reduction in infectious 
complications (fever, SSI, urinary 
tract infection, or endometritis) with 
the use of prophylaxis, the majority 
of these evaluations were underpow-
ered and included administration 
of antimicrobial prophylaxis at cord 
clamping.593-599 However, the ef-
ficacy of antimicrobial prophylaxis 
in cesarean delivery has been shown  
in several studies and two meta- 
analyses for both elective and non-
elective procedures. Therefore, prophy-
laxis is recommended for all patients 
undergoing cesarean delivery.584,592 


One meta-analysis that reviewed 
7 placebo-controlled randomized 
trials in low-risk elective cesarean 
delivery found that prophylaxis was 
associated with a significant decrease 
in endometritis and fever.592 A larger 
meta-analysis of 81 randomized tri-
als with 11,937 women undergoing 
both elective and nonelective cesar-
ean delivery found that antimicrobial 
prophylaxis was associated with a 
significant reduction in risk of fever, 
endometritis, SSI, urinary tract in-
fection, and serious infection.585 The 
relative risk for endometritis in elec-
tive cesarean section was 0.38 (95% 
CI, 0.22–0.64) in those receiving an-
timicrobial prophylaxis compared to 
those receiving no prophylaxis. 


Choice of agent. Although several 
different antimicrobials used alone 
or in combination for antimicrobial 
prophylaxis during cesarean delivery 
have been evaluated, the use of first-
generation cephalosporins (specifi-
cally cefazolin) has been advocated by 
ACOG and the American Academy 


of Pediatrics (AAP), based on their 
efficacy, narrow spectrum of activity, 
and low cost.584 This recommendation 
is supported by a meta-analysis of 51 
randomized controlled trials com-
paring at least two antimicrobial reg-
imens that concluded that ampicillin 
and first-generation cephalosporins 
have similar efficacy.600


Newer prospective randomized 
controlled and cohort studies have 
evaluated the addition of met-
ronidazole, azithromycin,601-603 or 
doxycycline601 to a first- or second-
generation cephalosporin to extend 
the spectrum of activity against 
common organisms isolated from 
endometrial and surgical-site cul-
tures, specifically U. urealyticum and 
Mycoplasma species. These studies 
found significantly lower rates of 
postoperative infections (including 
endometritis and SSI) and a shorter 
duration of hospital stay compared 
with prophylaxis with a first- or 
second-generation cephalosporin 
alone.601-604 Antibiotic administration 
occurred either postoperatively or 
after cord clamping in these stud-
ies. Further study, particularly with 
preoperative antimicrobial admin-
istration, is needed to confirm these 
preliminary findings and establish a 
place in therapy for this practice.


Timing. Historically, administra-
tion of antimicrobials in cesarean 
delivery was delayed until after cord 
clamping.600,605,606 The principal rea-
sons were to avoid suppression of 
the neonate’s normal bacterial flora 
that could promote the selection of 
resistant organisms and concern that 
the antimicrobials could potentially 
mask neonatal infection, complicat-
ing evaluation of neonatal sepsis. 
However, more contemporary data 
support the administration of anti-
microbial prophylaxis before surgical 
incision to protect against bacte-
rial contamination of the surgical 
site and decrease the risk of infection. 
The practice of antimicrobial pro-
phylaxis administration before sur-
gical incision is endorsed by ACOG 


and AAP.584,607 See the Common 
Principles section of these guidelines 
for additional discussion on antimi-
crobial timing.


A meta-analysis of three ran-
domized controlled trials and two 
nonrandomized controlled studies 
provided evidence that preoperative 
antimicrobial administration signifi-
cantly decreased the rate of endome-
tritis compared with administration 
after cord clamping (3.9% and 8.9%, 
respectively; p = 0.012).605 A lower 
SSI rate was also seen with preop-
erative antimicrobial administration 
(3.2% versus 5.4%), though this 
difference was not significant. The 
overall rate of infection-related mor-
bidity was also significantly lower. 
No differences between the groups 
were seen in neonatal outcomes, in-
cluding sepsis, sepsis workups, and 
neonatal intensive care unit admis-
sions. The largest study included in 
this meta-analysis was a prospective, 
randomized, controlled, double-
blind, single-center, double-dummy 
study of 357 patients comparing 
cefazolin 1 g i.v. given preoperatively 
and after cord clamping, which had 
results consistent with the overall 
meta-analysis.606


In a recent randomized trial of 
more than 1100 women undergoing 
cesarean section between 2004 and 
2010, Witt and colleagues608 found 
no difference in SSI rates for patients 
having antimicrobial administration 
before surgical incision compared 
with those who received antimicro-
bial prophylaxis at the time of cord 
clamping. All patients received a 
single dose of cefazolin 2 g.


Duration. A meta-analysis of 51 
studies found that multidose regimens 
provided no apparent benefit over 
single-dose regimens.600 The use of 
single-dose prophylaxis is supported 
by ACOG and AAP for procedures 
lasting less than two hours.584 Ad-
ditional intraoperative doses may be 
warranted for patients with excessive 
blood loss or for whom the duration 
of the procedure is extended. 
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For additional discussion of dos-
ing, see the Common Principles sec-
tion of these guidelines. 


Recommendation. The recom-
mended regimen for all women un-
dergoing cesarean delivery is a single 
dose of cefazolin administered before 
surgical incision (Table 2). (Strength 
of evidence for prophylaxis = A.) For 
patients with b-lactam allergies, an 
alternative regimen is clindamycin 
plus gentamicin. 


Hysterectomy procedures
Background. Hysterectomy is sec-


ond only to cesarean delivery as the 
most frequently performed major 
gynecological procedure in the United 
States, with over 600,000 hysterecto-
mies performed annually.609 Uterine 
fibroid tumors account for 40% of 
all presurgical diagnoses leading 
to hysterectomy.609 Other common 
diagnoses are dysfunctional uterine 
bleeding, genital prolapse, endome-
triosis, chronic pelvic pain, pelvic 
inflammatory disease, endometrial 
hyperplasia, and cancer. 


Hysterectomy involves the re-
moval of the uterus and, occasion-
ally, one or two fallopian tubes, the 
ovaries, or a combination of ovaries 
and fallopian tubes.610 Radical hyster-
ectomy entails removal of the uterus, 
fallopian tubes, and ovaries and ex-
tensive stripping of the pelvic lymph 
nodes in patients with extension 
of their cancer. Hysterectomies are 
performed by a vaginal or abdominal 
approach using a laparoscopic- or 
robot-assisted method. During a 
vaginal hysterectomy, the procedure 
is completed through the vagina with 
no abdominal incision. Abdominal 
hysterectomy involves an abdominal 
incision. Laparoscopic and robotic 
methods involve small incisions 
and require additional equipment, 
increased operator experience, and 
increased length of procedures.611,612 


In the United States, between 2000 
and 2004, the abdominal approach 
for hysterectomy was used in 67.9% 
of surgical procedures and the vagi-


nal approach in 32.1%. Of hyster-
ectomies performed via the vaginal 
approach, 32.4% also used laparos-
copy.609 The ACOG Committee on 
Gynecologic Practice recommends 
vaginal hysterectomy as the approach 
of choice for benign disease, based 
on evidence of better outcomes and 
fewer complications.613 Laparoscopic 
abdominal hysterectomy is an al-
ternative when the vaginal route is 
not indicated or feasible.613,614 Of 
note, ACOG has stated that the su-
pracervical approach—removal of 
the uterus with preservation of the 
cervix—should not be recommended 
as a superior technique for hysterec-
tomy due to the lack of advantage in 
postoperative complications, urinary 
symptoms, or sexual function and 
the increased risk of future trachelec-
tomy to remove the cervical stump.615


Infections after hysterectomy 
include superficial and organ/space 
(vaginal cuff infection, pelvic cellu-
litis, and pelvic abscess) SSIs.589 The 
reported SSI rates between January 
2006 and December 2008 in the 
United States, based on NNIS risk in-
dex category, were 0.73–1.16 per 100 
procedures for vaginal hysterectomy 
and 1.10–4.05 per 100 procedures 
for abdominal hysterectomy.165 A 
multicenter surveillance study found 
a mean infection rate of 2.53% asso-
ciated with all types of hysterectomy 
and a significantly lower mean rate 
of infection with laparoscopic versus 
abdominal hysterectomies (1.15% 
versus 3.44%, respectively).325 


Risk factors for infection after 
vaginal or abdominal hysterectomy 
include longer duration of surgery, 
young age, diabetes, obesity, pe-
ripheral vascular disease, collagen 
disease, anemia, transfusion, poor 
nutritional status, and previous his-
tory of postsurgical infection.590,616-622 
The depth of subcutaneous tissue is 
also a significant risk factor for infec-
tion after abdominal hysterectomy.623 
Additional risk factors for infection 
after radical hysterectomy for cervical 
cancer include the presence of malig-


nancy, prior radiation therapy, and 
the presence of indwelling drainage 
catheters.619,620


Organisms. The vagina is nor-
mally colonized with a wide variety 
of bacteria, including gram-positive 
and gram-negative aerobes and anaer-
obes. The normal flora of the vagina 
includes staphylococci, streptococci, 
enterococci, lactobacilli, diphthe-
roids, E. coli, anaerobic streptococci, 
Bacteroides species, and Fusobac-
terium species.589,624 Postoperative 
vaginal flora differs from preopera-
tive flora; the amount of enterococci, 
gram-negative bacilli, and Bacteroides 
species increases postoperatively. 
Postoperative changes in flora may 
occur independently of prophylactic 
antimicrobial administration and 
are not by themselves predictive of 
postoperative infection.589,625,626 Post-
operative infections associated with 
vaginal hysterectomy are frequently 
polymicrobial, with enterococci, 
aerobic gram-negative bacilli, and 
Bacteroides species isolated most fre-
quently. Postoperative SSIs after ab-
dominal and radical hysterectomies 
are also polymicrobial; gram-positive 
cocci and enteric gram-negative ba-
cilli predominate, and anaerobes are 
frequently isolated.626,627


Efficacy. A meta-analysis of 25 
randomized controlled trials dem-
onstrated the efficacy of antimicro-
bial prophylaxis, including first- and 
second-generation cephalosporins 
and metronidazole, in the preven-
tion of infections after abdominal 
hysterectomy.628 The infection rates 
were 21.1% with placebo or no 
prophylaxis and 9.0% with any an-
timicrobial. Another meta-analysis 
found that the rate of postoperative 
infection (surgical and pelvic sites) 
in women undergoing vaginal hys-
terectomy who received placebo or 
no prophylactic antimicrobial ranged 
from 14% to 57%, which was sig-
nificantly higher than the 10% rate 
reported with antimicrobials.629


Malignant disease as the reason 
for hysterectomy is a common ex-







ASHP RePoRt Antimicrobial prophylaxis


233Am J Health-Syst Pharm—Vol 70  Feb 1, 2013


clusion from studies of antimicro-
bial prophylaxis. Older, prospective, 
placebo-controlled studies found a 
lower rate of SSIs with antimicrobial 
prophylaxis after radical hysterecto-
my.619,630-633 The applicability of these 
results is limited by small sample size 
and the inclusion of antimicrobials 
not available in the United States. 
Radical hysterectomy is primar-
ily completed through an abdominal 
approach but can also be performed 
by a vaginal approach and using 
laparoscopic or robotic methods.634 
Therefore, antimicrobial prophylaxis 
would be warranted, regardless of 
approach. No placebo-controlled 
studies have been conducted to 
evaluate the efficacy of antimicrobial 
prophylaxis when used for laparo-
scopic hysterectomy.


Choice of agent. Cephalosporins 
are the most frequently used and 
studied antimicrobials for pro-
phylaxis in vaginal and abdominal 
hysterectomies. Studies directly 
comparing different cephalosporins 
have found no significant differ-
ences in rates of infection in vaginal 
hysterectomy and have indicated 
that first-generation cephalosporins 
(primarily cefazolin) are equivalent 
to second- and third-generation 
agents.635-644 In abdominal hysterec-
tomy, no significant differences in 
the rates of serious infections were  
noted between second- and third-
generation cephalosporin reg-
imens.641,645-649 Few comparisons  
have been made between second-
generation cephalosporins and ce-
fazolin. Cefazolin has been at least 
as effective in preventing infectious 
complications as second- and third-
generation cephalosporins.636,650-652 
However, one double-blind con-
trolled study of 511 women undergo-
ing abdominal hysterectomy found 
that the risk of major SSIs requiring 
antimicrobial therapy was signifi-
cantly higher in the group receiving 
preoperative cefazolin 1 g (11.6%; 
relative risk, 1.84; 95% CI, 1.03–3.29) 
than in those treated with cefotetan 


1 g (6.3%).617 A multicenter, ran-
domized, double-blind, active- and 
placebo-controlled study compared 
single doses of ampicillin, cefazolin, 
and placebo administered to women 
undergoing elective total abdominal 
hysterectomy at two centers in Thai-
land.653 The study found a signifi-
cantly lower rate of infection, includ-
ing superficial and deep SSIs, urinary 
tract infections, vaginal cuff infec-
tion, and pneumonia, with cefazolin 
(10.3%) compared with placebo 
(26.9%) and ampicillin (22.6%). No 
difference was seen between ampi-
cillin and placebo. The study authors 
concluded that cefazolin was more 
effective than ampicillin for elective 
total abdominal hysterectomy.


A randomized controlled study of 
511 patients undergoing laparoscop-
ic gynecological procedures at one 
center in Italy compared single doses 
of amoxicillin–clavulanate 2.2 g and 
cefazolin 2 g i.v. administered 20–30 
minutes before the procedure.654 A 
second dose was given if the surgery 
lasted over three hours or there was 
extensive blood loss (>1500 mL). No 
significant differences in the rates of 
any postoperative infection, includ-
ing SSIs, were found between groups. 
The statistical power of the study was 
not stated.


In light of the organisms encoun-
tered in the vaginal canal and com-
parative studies conducted among 
different classes of cephalosporins, 
cefazolin, cefotetan, cefoxitin, cefu-
roxime, and ampicillin–sulbactam 
have been supported as appropriate 
first-line choices for prophylaxis 
during vaginal or abdominal hys-
terectomy.6,9,41 Alternative agents for 
patients with a history of immediate 
hypersensitivity to penicillin include 
either clindamycin or metronidazole 
plus an aminoglycoside or a fluoro-
quinolone (ciprofloxacin, levofloxa-
cin, or moxifloxacin) or aztreonam 
(with clindamycin only).


Duration. Studies comparing 
single doses of one antimicrobial 
with multidose regimens of a dif-


ferent antimicrobial have shown 
the two regimens to be equally 
effective in reducing the postop-
erative infection rate in women 
undergoing vaginal and abdominal 
hysterectomies.635-643,645-650,655-663 The 
limited comparative trials involving 
single-dose cefazolin637,654,655,664 or 
ampicillin–sulbactam654,663 indicate 
that a single dose of antimicrobial 
is sufficient prophylaxis for SSIs for 
vaginal hysterectomy. Single doses of 
cefotetan, ceftizoxime, or cefotaxime 
appear to be as effective as multiple 
doses of cefoxitin.644-649,665 A second 
dose of antimicrobial is warranted 
when the procedure lasts three hours 
or longer or if blood loss exceeds 
1500 mL.9,654 


Recommendation. The recom-
mended regimen for women under-
going vaginal or abdominal hysterec-
tomy, using an open or laparoscopic 
approach, is a single dose of cefazolin 
(Table 2). Cefoxitin, cefotetan, or 
ampicillin–sulbactam may also be 
used. Alternative agents for patients 
with a b-lactam allergy include (1) 
either clindamycin or vancomycin 
plus an aminoglycoside, aztreonam, 
or a fluoroquinolone and (2) met-
ronidazole plus an aminoglycoside 
or a fluoroquinolone. (Strength of 
evidence for prophylaxis = A.) 


Ophthalmic procedures
Background. Ophthalmic proce-


dures include cataract extractions, 
vitrectomies, keratoplasties, intra-
ocular lens implantation, glaucoma 
procedures, strabotomies, retinal 
detachment repair, laser in situ ker-
atomileusis, and laser-assisted sub-
epithelial keratectomy. Most of the 
available data regarding antimicro-
bial prophylaxis involve cataract 
procedures. The goal of prophylaxis 
is primarily to reduce acute post-
operative endophthalmitis, defined 
as severe intraocular inflammation 
due to infection, which can lead to 
loss of vision if untreated.666 Since 
2000, the reported frequency of 
endophthalmitis after ophthalmic 
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procedures is low worldwide, ranging 
from 0% to 0.63%.667-680 The reported 
time from procedure to diagnosis of 
endophthalmitis ranges from one 
day to six weeks, with the majority 
of infections identified within one  
week. 666,669,671,673,674,681-683 


Potential risk factors for post-
operative ophthalmic infections 
include preoperative factors such as 
diabetes,666 active ocular infection 
or colonization,666,684 lacrimal drain-
age system infection or obstruction, 
age of >85 years,685 and immuno-
deficiency.684 Procedure-related risk 
factors include clear corneal inci-
sions (as opposed to scleral tunnel 
incisions),680,686 any surgical com-
plication, vitreous loss,684 posterior 
capsule tear,681,684,685 silicone intra-
ocular lens implantation,677,680 and the 
nonuse of facemasks in the operating 
theater.681 


Organisms. Among organisms 
isolated from patients developing 
postoperative endophthalmitis after 
cataract procedure, approximately 
25–60% were coagulase-negative 
Staphylococcus species, primarily  
S. epidermidis.668,670,671,673,674,678,683,684,686 
Other gram-positive organisms iden-
tified included S. aureus, Streptococcus 
species, Enterococcus species, P. acnes, 
and Corynebacterium species. Gram-
negative organisms isolated included 
Serratia species, Klebsiella species,  
P. mirabilis, and P. aeruginosa. These 
organisms represent the normal flora 
isolated preoperatively in a number 
of studies.675,687-693


Efficacy. Data on antimicrobial 
prophylaxis efficacy in ophthalmic 
procedures to prevent endophthal-
mitis are limited; however, prophy-
laxis is common.684 The low rate 
of postoperative endophthalmitis 
makes it difficult to complete an 
adequately powered study to show 
efficacy of antimicrobial prophylaxis 
in ophthalmic procedures; therefore, 
surrogate markers of eradication of 
normal flora bacteria and reduction 
of bacterial count on the conjunctiva, 
lower and upper eyelids, eyelashes, 


and inner canthus (corner of the eye) 
preoperatively and postoperatively 
are used. Many of the available studies 
are flawed with retrospective or un-
controlled design, inadequate follow-
up, variations in surgical techniques 
(including disinfection, antimicrobial 
prophylaxis strategies, and methods 
for performing procedures), and lim-
ited reporting of clinical outcomes.


The large, randomized, partially-
masked, placebo-controlled, mul-
tinational, multicenter study con-
ducted by the European Society of 
Cataract and Refractive Surgeons 
(ESCRS) compared the rate of 
postoperative endophthalmitis in 
over 16,600 patients undergoing 
routine cataract procedures at 24 
centers in Europe randomized to one 
of four perioperative prophylaxis 
groups.679,680,694 Patients received no 
antimicrobial prophylaxis, intra-
cameral cefuroxime at the end of 
the procedure alone, perioperative 
levofloxacin 0.5% ophthalmic solu-
tion given within the hour before 
the procedure, or both intracameral 
cefuroxime and perioperative levo-
floxacin. All patients had the eye area 
disinfected with povidone–iodine 
5% preoperatively and received topi-
cal levofloxacin postoperatively. The 
study was stopped after an interim 
analysis due to results of a multivari-
ate analysis indicating that patients 
not receiving intracameral cefurox-
ime were approximately five times 
more likely to develop endophthal-
mitis. The study has been questioned 
for its high rate of endophthalmitis, 
selection of cefuroxime due to gaps 
in gram-negative coverage, un-
known drug concentrations in the 
aqueous humor, risks of hypersen-
sitivity, the lack of a commercially 
available preparation, the lack of a 
subconjunctival cefuroxime treat-
ment group, selection of topical levo-
floxacin, and methods for statistical 
analysis.695-697 


Two single-center, historical- 
controlled studies in hospitals in 
Spain reported decreases in acute 


postoperative endophthalmitis 
among patients undergoing cata-
ract procedure with intracameral 
cefazolin added to the previous 
routine prophylaxis of preoperative 
eyelid cleansing with soap for three 
days670 and povidone–iodine eye area 
preparation,670,674 topical antimicro-
bial, and corticosteroid preparations 
given at the end of the procedure and 
postoperatively. One study found a 
significant decrease and a relative risk 
reduction of 88.7% in postoperative 
endophthalmitis with intracameral 
cefazolin.670 The other found a de-
crease from 0.63% to 0.055% in post-
operative endophthalmitis with in-
tracameral cefazolin.674 No statistical 
analysis was performed in this study. 


A retrospective cohort study of 
patients undergoing cataract proce-
dure at one center in Canada between 
1994 and 1998 found no significant 
difference in the rate of postopera-
tive endophthalmitis with preopera-
tive topical antimicrobials compared 
with none.668 A significant decrease in 
endophthalmitis was seen with sub-
conjunctival administration of anti-
microbials at the end of the procedure 
compared with no antimicrobials.


Several prospective studies have 
shown decreases in ocular flora, mea-
sured by bacterial isolate and CFU 
counts, with preoperative antimicro-
bial irrigation,675 topical antimicrobi-
als,687,688,691,692,698-700 and intracameral 
antimicrobials.682 These studies did 
not report rates of endophthalmitis, 
limiting the application of the results. 


Choice of agent. Along with careful 
site preparation and disinfection, the 
ideal antimicrobial prophylaxis agent 
should be bactericidal against com-
mon pathogens of postoperative en-
dophthalmitis and be used safely in 
the eye.6,8,684 There is no consensus on 
the agent of choice for antimicrobial 
prophylaxis in ophthalmic proce-
dures, and no agent is FDA-approved 
for this indication. There are limited 
studies evaluating the efficacy of a 
particular choice of antimicrobial 
prophylaxis for ophthalmic surger-
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ies. The most efficacious antimicro-
bial cannot be determined from the 
available data due to study flaws and 
a lack of direct comparisons. Lo-
cal ocular flora resistance patterns 
should be monitored to aid in the 
selection of appropriate agents for 
prophylaxis.683,689,701


Based on the available literature, 
use of povidone–iodine as a preop-
erative antiseptic agent is recom-
mended to decrease ocular microbes 
and thereby prevent endophthal-
mitis.6,684,702 Povidone–iodine 5% or 
10% is instilled in the conjunctival 
sac and applied topically to the ocu-
lar skin surface.703 The most effective 
protocol has not been established, as 
povidone–iodine is frequently used 
in combination with other antimi-
crobials.670,674,675,678,687,704 Chlorhexi-
dine has been used as an effective 
alternative to povidone–iodine, par-
ticularly in patients who are iodine 
allergic.682,703


Ophthalmic surgeons surveyed 
in the United Kingdom reported 
that commonly used antimicrobial 
prophylactic agents included cepha-
losporins, aminoglycosides, vanco-
mycin, chloramphenicol, neomycin 
alone or in combination with poly-
myxin, and fluoroquinolones.695,703 


A similar survey of members of 
the American Society of Cataract 
and Refractive Surgery found that  
over 90% of  respondents used  
fluoroquinolones (mainly fourth-
generation agents), vancomycin, and 
cephalosporins.697 These antimicro-
bials have been recommended in 
practice guidelines.6


Cephalosporins, specifically cef-
azolin, cefuroxime, and ceftazidime, 
have been shown to be safe and ef-
fective in decreasing postoperative 
endophthalmitis when added to 
regimens of povidone–iodine and 
topical antimicrobials.670,674,677,679,680,699 
Vancomycin has been shown to de-
crease cultures and reach adequate 
concentrations to prevent and treat 
most corneal pathogens.675,705 Ami-
noglycosides alone687 or in com-


bination with an antiseptic agent 
(chlorhexidine)682 showed no sig-
nificant difference in the reduction 
of culture results compared with an 
antiseptic alone (povidone–iodine 
or chlorhexidine)682,690 and no anti-
microbial prophylaxis. 


A randomized controlled study 
compared the antimicrobial activity 
and safety of trimethoprim 0.1%–
polymyxin B sulfate 10,000 units/mL 
ophthalmic solution and tobramycin 
0.3% ophthalmic solution in patients 
undergoing cataract procedures.692 
All patients received one drop and 
a subconjunctival injection of cor-
ticosteroids and gentamicin post-
operatively followed by one drop of 
study medication four times daily 
for five to seven days. No significant 
differences were seen between groups 
for positive culture results from con-
junctiva at baseline, at procedure, 
or at postoperative days 5–7 or in 
lid margin culture at baseline and 
postoperative days 5–7. A higher rate 
of positive cultures at procedure was 
seen in the trimethoprim–polymyxin 
group (37 of 59 cultures, 63%) com-
pared with 13 (41%) of 32 cultures 
in the tobramycin group (p = 0.043). 
Both medications eradicated the 
majority of bacteria on the day of 
procedure and postoperative days 
5–7. Aqueous humor concentra-
tions did not achieve the MICs of 
S. aureus or S. epidermidis and were 
undetectable for polymyxin B sulfate. 
The adverse events of irritation and 
allergic reaction were experienced by 
three patients in the trimethoprim–
polymyxin group. The study authors 
concluded that there was no dif-
ference between trimethoprim and 
tobramycin in ocular flora reduction.


A randomized controlled study 
compared conjunctiva and contact 
lens culture results after treatment 
with tobramycin 0.3% versus ofloxa-
cin 0.3% ophthalmic solutions in 
patients undergoing photorefractive 
keratectomy.693 No differences were 
seen among preoperative, postopera-
tive, or contact lens cultures between 


treatment groups. Although not 
statistically significant, logistic re-
gression found that cultures from pa-
tients treated with tobramycin were 
two times more likely to be positive 
than those treated with ofloxacin. 
The study had low power and did not 
compare baseline and posttreatment 
culture results for any treatment 
group.


Fluoroquinolones have been 
found in studies to significantly 
decrease the ocular culture results 
from baseline667,673,691,698,700,706; achieve 
aqueous humor, vitreal, and corneal 
tissue concentrations adequate to 
prevent and treat common ocular 
pathogens705,707-710; and result in im-
proved ocular measurements (i.e., vi-
sual acuity, epithelial cell counts, and 
epithelial healing).711-716 A retrospec-
tive multicenter case series of 20,013 
patients who underwent uncompli-
cated cataract surgeries and received 
fourth-generation fluoroquinolones 
preoperatively and postoperatively 
reported the rates of postoperative 
endophthalmitis.673 Endophthalmitis 
occurred in 9 (0.06%) of 16,209 sur-
geries in patients treated with gati-
floxacin 0.3% ophthalmic solution 
(95% CI, 0.03–0.1%) and in 5 (0.1%) 
of 3,804 surgeries in patients treated 
with moxifloxacin 0.5% ophthalmic 
solution (95% CI, 0.05–0.3%). There 
were no significant differences in ef-
ficacy between agents.


In a retrospective cross-sectional 
study conducted over a 10-year period 
with third- and fourth-generation 
fluoroquinolones, significantly lower 
rates of endophthalmitis were re-
ported for the fourth-generation 
agents moxifloxacin and gatifloxacin 
(0.56 per 1000 cataract surgeries) 
than for the third-generation agents 
ciprofloxacin and ofloxacin (1.97 per 
1000 surgeries) (p = 0.0011).671 


Route. There is no consensus 
on the most effective route of an-
timicrobial administration for the 
prevention of endophthalmitis. The 
routes of antimicrobial administra-
tion used in ophthalmic procedures 
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include preoperative topical antimi-
crobial ophthalmic drops, addition 
of antimicrobials to the irrigation 
solution, instillation of antimicrobials 
intracamerally at the end of surgery, 
subconjunctival injection of antimi-
crobials, and postoperative topical 
application of antimicrobials.6,684,702,717 


The ESCRS randomized con-
trolled study mentioned above found 
that patients not receiving intracam-
eral cefuroxime were approximately 
six times more likely to develop post-
operative endophthalmitis.679,680,694 
Surveys of the impact of the ESCRS 
study findings found that there was 
an increase in the use of intracam-
eral over subconjunctival cefuroxime 
based on preliminary study results.703 


For respondents who had not adopt-
ed this practice, the reported reasons 
for not using intracameral cefurox-
ime included the need for further 
study, concerns about risk and cost 
of therapy, the lack of a subconjunc-
tival comparator group, the high rate 
of endophthalmitis in the control 
groups, concerns about statistical 
analysis, and questions regarding 
the selection of cefuroxime due to 
gaps in ophthalmic pathogen cover-
age.695,697 There is no commercially 
available cefuroxime formulation for 
intracameral administration, which 
was reported as one of the main bar-
riers to use of this route. Concerns 
regarding compounded intracameral 
antimicrobials expressed by survey 
respondents included inflammation, 
dilution errors, corneal endothelial 
injury, and the risk for bacterial con-
tamination and infection.


A retrospective cohort study com-
pared the efficacy of intracameral 
cefuroxime versus subconjunctival 
cefuroxime in reducing the rate of 
endophthalmitis after cataract pro-
cedures at one center in northeast 
England.718 A total of 19,425 patients 
received antimicrobial prophylaxis 
with preoperative povidone–iodine 
5% in the conjunctival sac and sub-
conjunctival injection of cefuroxime 
50 mg at the end of the procedure, 


and 17,318 patients received intra-
cameral cefuroxime 1 mg at the end 
of the procedure. There were two 
groups of patients excluded from 
the analysis: protocol violators 
who received no prophylaxis and 
patients who were enrolled in the 
ESCRS study. The overall rate of en-
dophthalmitis in analyzed patients 
was 35 cases in 36,743 procedures 
(0.95 per 1,000 cases). Of these, 27 
occurred in the subconjunctival 
cefuroxime group (1.39 per 1,000 
cases), and 8 occurred in the intra-
cameral group (0.46 per 1,000 cases) 
(OR, 3.01; 95% CI, 1.37–6.63; p = 
0.0068).


Several studies found a lower rate 
of endophthalmitis with the addi-
tion of intracameral cephalosporins 
(cefazolin and cefuroxime) at the 
end of the surgical procedure after 
routine perioperative and postopera-
tive topical antimicrobial prophylaxis 
regimens.670,674 A case–control study 
revealed a 5.7 times increased likeli-
hood of developing postoperative 
endophthalmitis with topical antimi-
crobial prophylaxis only (including 
gentamicin 0.3% and chlorhexidine 
0.05%) compared with the addition 
of intracameral cefuroxime 1 mg to 
the regimen in cataract procedure.677 
Both intracameral cephalosporins 
and moxifloxacin have been shown 
as safe, with no adverse events and no 
effects on visual acuity and endothe-
lial cell counts.670,674,699,715,716


One study involving healthy adult 
volunteers found that orally admin-
istered levofloxacin and moxifloxacin 
achieved adequate aqueous humor 
concentrations to provide activ-
ity against gram-positive and most 
gram-negative ocular pathogens 
without adverse events.707 


The addition of subconjunctival 
antimicrobials to existing topical an-
timicrobial prophylaxis regimens has 
also been shown to reduce the rate 
and risk of endophthalmitis in in-
traocular procedures compared with 
topical antimicrobials alone.668,681,686 


Topical antimicrobials have been 


shown to be safe and effective in low-
ering rates of endophthalmitis,671,673 
decreasing bacterial organisms and 
CFUs in conjunctiva,667,675,691,692,698,700 
and achieving adequate concentra-
tions to be effective against most 
ocular pathogens,705,706,708-710,719 with 
no notable adverse events.711-714


Duration and timing. There are a 
lack of clear evidence and no consen-
sus on the appropriate duration and 
timing of antimicrobial prophylaxis 
in ophthalmic procedures.6,684 Com-
monly reported times of antimicrobial 
prophylaxis include preoperatively, 
intraoperatively, at the end of the 
procedure, and postoperatively.684 
Few studies have investigated the 
differences between the timing and 
duration of antimicrobial prophy-
laxis regimens. Many of the regimens 
are used in combination, making it 
difficult to determine the optimal 
timing and duration. Preoperative 
antimicrobial timing reported in 
the literature has ranged from one 
to multiple drops within an hour 
preoperatively on the day of the 
procedure671,673,679,680,692-694,698,703,709,710,716 
or one to three days before the  
procedure.667,698,700,703,708,710,712,714 


Two topical moxifloxacin regi-
mens were compared for conjunc-
tival bacterial flora and aqueous 
humor concentrations in a random-
ized controlled study of patients 
undergoing cataract procedures.691,719 
In one regimen, patients were ad-
ministered moxifloxacin 0.5% four 
times a day beginning one day before 
the procedure plus one drop two 
hours before the procedure (total of 
five drops before the procedure); the 
other group received moxifloxacin 
0.5% two hours before surgery and 
every 15 minutes for the first hour of 
the procedure (total of five drops). 
There were no cases of postoperative 
endophthalmitis up to six months 
after the procedure in any patient. 
Administration of moxifloxacin on 
the day of the procedure was found 
to result in a significant decrease in 
median CFU compared with baseline 
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and was found (based on change in 
log CFU) to be more effective than 
antimicrobial administration on 
the day before the procedure. Mean 
aqueous humor concentrations of 
moxifloxacin at the beginning of the 
procedure were significantly higher 
in the group who received the drug 
on the day of the procedure. 


A small, randomized controlled 
study compared aqueous humor 
concentrations of levofloxacin and 
ciprofloxacin in patients undergoing 
a cataract procedure with routine 
phacoemulsification given as (1) one 
or two drops four times daily for two 
days before the procedure, with the 
last dose given immediately before 
bedtime on the night before the 
procedure, (2) five doses (one or two 
drops) delivered every 10 minutes 
in the hour before the procedure, 
or (3) a combination of both dos-
ing strategies.706 Aqueous humor 
concentrations of levofloxacin were 
significantly higher than those of 
ciprofloxacin. Significantly higher 
doses of drug were delivered to the 
aqueous humor in the group receiv-
ing same-day prophylaxis than in 
patients receiving levofloxacin or 
ciprofloxacin two days before sur-
gery. No cases of endophthalmitis 
or ocular or systemic toxicities were 
reported. 


A randomized controlled study 
compared the effectiveness of topi-
cal ofloxacin in the reduction or 
elimination of conjunctival bacterial 
flora when given as one drop every 
five minutes for three applications 
one hour before the procedure alone 
(control group) or combined with 
ofloxacin one drop four times daily 
for three days (study group) before 
cataract procedures.688 No differences 
in positive conjunctival cultures were 
seen between groups five days before 
topical antimicrobials or before the 
administration of ofloxacin on the 
day of the procedure. Significantly 
higher positive culture rates were 
seen in the control group than in 
the study group one hour after the 


administration of the preoperative 
antimicrobial and before povidone–
iodine, immediately before the pro-
cedure, and at the conclusion of the 
procedure. Mean CFU counts did 
not significantly differ five days pre-
operatively and immediately before 
the procedure but were significantly 
higher in the control group at all 
other time points. Neither outcomes 
of endophthalmitis nor patient 
compliance with antimicrobial use 
was reported. The study’s authors 
concluded that three days of topical 
ofloxacin was more effective than ad-
ministration just one hour before the 
procedure in reducing the number of 
positive bacterial cultures at several 
time points perioperatively. 


Numerous studies have evalu-
ated the efficacy of intracameral 
and subconjunctival injections of 
antimicrobials given at the end 
of surgery.6,674,677,679-682,697,699,703,716,718 
The most commonly reported dose 
of intracameral cefuroxime was 1 
mg,677,679,680,682,699,718 and the most 
commonly reported subconjuncti-
val dose was 50 mg.718 Doses of 2.5 
or 1 mg of intracameral cefazolin 
were studied,670,674 as were 250- and 
500-mg doses of intracameral moxi-
floxacin.715,716 Postoperative dosing 
strategies reported in the literature 
include four times daily for 3–7 
days667,670,671,673-675,679,680,692,711,712,715 and 
for up to 15 days713,714 or until the 
bottle was empty.716 


Despite the lack of well-controlled 
trials, the consequences of bacterial 
endophthalmitis support the use of 
prophylactic antimicrobials. No de-
finitive studies have clearly delineated 
superiority of antimicrobial route, 
timing, or duration.


Recommendation. Due to the 
lack of robust data from trials, spe-
cific recommendations cannot be 
made regarding choice, route, or 
duration of prophylaxis. As a general 
principle, the antimicrobial prophy-
laxis regimens used in ophthalmic 
procedures should provide coverage 
against common ocular pathogens, 


including Staphylococcus species and 
gram-negative organisms, particu-
larly Pseudomonas species. 


Preoperative antisepsis with 
povidone–iodine is recommended, 
based on available evidence. Appro-
priate topical antimicrobials include 
commercially available neomycin–
polymyxin B–gramicidin solution 
or fluoroquinolones (particularly 
fourth-generation agents) given as 
one drop every 5–15 minutes for five 
doses within the hour before the start 
of the procedure (Table 2). The ad-
dition of subconjunctival cefazolin 
100 mg or intracameral cefazolin 
1–2.5 mg or cefuroxime 1 mg at the 
end of the procedure is optional. 
While some data have shown that 
intracameral antimicrobials may be 
more effective than subconjunctival 
antimicrobials, there are no com-
mercially available antimicrobials 
approved for these routes of admin-
istration. (Strength of evidence for 
prophylaxis = B.)


Orthopedic procedures
Background. Orthopedic proce-


dures considered in these guidelines 
include clean orthopedic proce-
dures (not involving replacement or 
implantations), spinal procedures 
with or without instrumentation, 
repair of hip fractures, implanta-
tion of internal fixation devices 
(screws, nails, plates, and pins), and 
total-joint-replacement procedures. 
Grade III open fractures (extensive 
soft tissue damage and crushing) 
are often associated with extensive 
surgical-site contamination and are 
routinely managed with empirical 
antimicrobial treatment and surgical 
debridement, for which guidelines 
have been published separately.720 


Available guidelines recommend that 
antimicrobial prophylaxis in grade 
I (clean wound with ≤1-cm lacera-
tion) and grade II (clean wound with 
>1-cm laceration without extensive 
soft tissue damage) open fractures 
be handled similarly to other clean 
orthopedic procedures.721-724 
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Between 2006 and 2008, SSIs were 
reported nationally, based on risk cat-
egory, in approximately 0.7–4.15 per 
100 procedures for patients undergo-
ing spinal fusion, 0.72–2.3 per 100 
procedures in patients undergoing 
laminectomy, 0.67–2.4 per 100 pro-
cedures in patients undergoing hip 
prosthesis, and 0.58–1.60 per 100 pro-
cedures in patients undergoing knee 
prosthesis.165 Postoperative SSI is one 
of the most costly complications of 
orthopedic procedures due to hospi-
tal readmissions, extended hospital 
length of stay, the need for additional 
procedures (often removal and reim-
plantation of implanted hardware), 
convalescent or nursing home care 
between procedures, and significant 
increases in direct hospital costs 
(e.g., prolonged antimicrobial thera-
py).725,726 Studies have found that the 
estimated economic impact of one 
deep SSI was $100,000 in hospital 
costs alone after hip arthroplasty and 
$60,000 after knee arthroplasty.727-731 


In light of the serious consequenc-
es, antimicrobial prophylaxis is well 
accepted in procedures involving the 
implantation of foreign materials.8,732  
Prophylaxis is also indicated in spinal 
procedures without instrumentation, 
where an SSI would pose catastroph-
ic risks.726,733-738 


Organisms. Skin flora are the 
most frequent organisms involved 
in SSIs after orthopedic procedures. 
The most common pathogens in 
orthopedic procedures are S. aureus, 
gram-negative bacilli, coagulase-
negative staphylococci (including  
S. epidermidis), and b-hemolytic 
streptococci.739-743 Spinal procedures 
may be complicated by polymicro-
bial infection that includes gram-
negative bacteria.740 


A contributing factor to SSIs in 
arthroplasty is the formation of 
bacterial biofilm, particularly with 
S. aureus and S. epidermidis, on inert 
surfaces of orthopedic devices. Bac-
terial biofilm confers antimicrobial 
resistance and makes antimicrobial 
penetration difficult.744-748 


There is increasing concern re-
garding the emergence of SSIs due 
to resistant microorganisms, spe-
cifically VRE and MRSA in surgi-
cal patients. Several studies have 
investigated MRSA colonization 
and SSIs and evaluated the effect 
of decolonization, including the 
use of topical mupirocin, in or-
thopedic procedures.150,157,741,749-753 


Mupirocin decolonization protocols 
as an adjunct to i.v. cephalosporin 
prophylaxis in orthopedic patients 
resulted in significant decreases  
in nasal MRSA carriage150,751 and  
overall SSIs.157,750-752 Preopera-
tive decolonization with intrana-
sal mupirocin may have utility in 
patients undergoing elective or-
thopedic procedures who are  
known to be colonized or infected with 
either MRSA or MSSA.150,151,157,741,749-755 


Readers are referred to additional 
discussion in the Common Prin-
ciples section of these guidelines. 


Clean orthopedic procedures not 
involving implantation of foreign 
materials


Background. In clean orthope-
dic procedures, such as knee, hand, 
and foot procedures, and those 
not involving the implantation of 
foreign materials, the need for an-
timicrobial prophylaxis is not well 
established.738,749,756 Antimicrobial 
prophylaxis in patients undergoing 
diagnostic and operative arthroscop-
ic procedures is controversial.6,757-760 
The risks of SSI and long-term se-
quelae are low for procedures not 
involving implantation. 


Efficacy. The efficacy of antimi-
crobial prophylaxis in clean ortho-
pedic procedures was first investi-
gated in the middle part of the 20th 
century. A number of these studies 
and reviews have since been found 
to be flawed, as patients were not 
randomized to treatment groups 
and the timing and duration of 
antimicrobial prophylaxis were not 
studied.761,762 Further, patients were 
administered prophylactic antimi-


crobials after the surgical procedure, 
which may have led to invalid re-
sults. The low rate of infection and 
absence of serious morbidity failed 
to justify the expense or potential 
for toxicity and resistance associated 
with routine use of antimicrobial 
prophylaxis in the setting of clean 
orthopedic procedures.  


Recommendations. Antimicrobial 
prophylaxis is not recommended for 
patients undergoing clean ortho-
pedic procedures, including knee, 
hand, and foot procedures, arthros-
copy, and other procedures without 
instrumentation or implantation 
of foreign materials. (Strength of 
evidence against prophylaxis = C.) 
If the potential for implantation of 
foreign materials is unknown, the 
procedure should be treated as with 
implantation. 


Spinal procedures with and 
without instrumentation


Background. Data support the 
use of antimicrobial prophylaxis for 
orthopedic spinal procedures with 
and without instrumentation, in-
cluding fusions, laminectomies, and 
minimally invasive disk procedures, 
to decrease the rate of postoperative 
spinal infection.8,543,563,732,733,739,763-766 
SSIs after orthopedic spinal proce-
dures, including minimally invasive 
disk procedures, are associated with 
high morbidity. Invasion of the ep-
idural space in organ/space SSIs is 
of particular concern after spinal 
procedures.8,145,767 


SSI rates vary with the complexity 
of the procedure. One retrospective, 
multicenter study of 1274 adult pa-
tients found an overall SSI rate of 
0.22% with antimicrobial prophy-
laxis after minimally invasive spinal 
procedures (i.e., any spinal proce-
dures performed through a tubular 
retractor-type system).768 Procedures 
included simple decompressive pro-
cedures (such as microscopic or 
endoscopic discectomy or forami-
notomy or decompression of steno-
sis), minimally invasive arthrodeses 
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with percutaneous instrumentation, 
and minimally invasive intradural 
procedures. The SSI rate in patients 
receiving antimicrobial prophylaxis 
undergoing spinal procedures with 
instrumentation has ranged from 
2.8% to 9.7%.165,764,765,769,770 Monoseg-
mental instrumentation has a report-
ed SSI rate of <2%, compared with 
6.7% for instrumentation at multiple 
levels.771 


Several case–control studies of 
adults undergoing spinal procedures 
with and without instrumentation 
have found the following notable 
patient-related risk factors for SSI: 
prolonged preoperative hospitaliza-
tion,771 diabetes,767,772-775 elevated 
serum glucose concentration (>125 
mg/dL preoperatively [within 30 
days] or >200 mg/dL postopera-
tively),773 older age,767,776 smoking and 
alcohol abuse,776 previous procedure 
complicated by infection,774-776 and 
obesity.770-775,777 Procedure-related 
risk factors include extended dura-
tion of procedure (defined in stud-
ies as two to five hours or greater 
than five hours,775 greater than 
three hours,771 and greater than five 
hours776), excessive blood loss (>1 
L),771,775 staged procedure,776 multilev-
el fusions,777 foreign-body placement 
(e.g., screw, rod, plate),767 combined 
anterior and posterior fusion,776 
and suboptimal antimicrobial tim-
ing (>60 minutes before or after 
incision).773 A significant decrease in 
SSIs was seen with procedures at the 
cervical spine level772,773 or with an 
anterior surgical approach.775


Efficacy. Despite the lack of com-
parative studies evaluating prophy-
laxis for spinal procedures with and 
without instrumentation (implanta-
tion of internal fixation devices), 
antimicrobial prophylaxis is recom-
mended due to the associated mor-
bidity and assumed costs of SSIs.771 
A meta-analysis of six studies with 
843 patients undergoing spinal pro-
cedures (types of procedures were 
not differentiated in the analysis) 
demonstrated an overall effective-


ness of antimicrobial prophylaxis.732 


Antimicrobials studied included 
single-dose or multidose regimens of 
<24 hours’ duration of cephaloridine 
(a first-generation cephalosporin 
no longer available in the United 
States), vancomycin and gentamicin, 
cefazolin with and without genta-
micin, piperacillin, and oxacillin. 
The pooled SSI rate with antimicro-
bial prophylaxis was 2.2%, compared 
with 5.9% in controls (OR, 0.37; 
95% CI, 0.17–0.78; p < 0.01). One 
randomized controlled study of 1237 
adult patients undergoing spinal 
procedures to repair a herniated disk 
(hemilaminectomy, laminectomy, 
flavectomy, spondylosyndesis) found 
no significant difference in the rate of 
SSIs between single-dose cefuroxime 
1.5 g i.v. (1.3%) and placebo (2.9%) 
given within 60 minutes before surgi-
cal incision. No significant difference 
was seen between treatment groups 
for incisional SSIs (0.98% and 1.12%, 
respectively) or deep SSIs (0.33% and 
0.32%, respectively), but the differ-
ence in organ/space infections was 
significant between groups (0% and 
1.44%, respectively; p < 0.01).778


Choice of agent. There is no clearly 
superior antimicrobial agent or regi-
men for spinal procedures.563,769 The 
antimicrobials most often studied for 
prophylaxis in orthopedic procedures 
are first-generation cephalosporins, 
particularly cefazolin. Cefazolin has 
been noted as a suitable agent for 
spinal procedures with its spectrum 
of activity (e.g., against Staphylococ-
cus species and gram-negative bacilli 
such as E. coli) and adequate tissue121 
and disk concentrations.779,780


Second- and third-generation 
cephalosporins offer no major ad-
vantages over first-generation agents. 
Their routine use is not recom-
mended due to their higher cost  
and potential to promote resistance, 
particularly among health-care- 
associated gram-negative bacilli.8 
Broader coverage may be considered 
for instrumented fusion due to the 
risk of polymicrobial infections, 


including those caused by gram-
negative bacteria.563,769 


Clindamycin and vancomycin 
have adequate activity against the 
most common pathogens involved in 
orthopedic procedures and would be 
acceptable alternatives under certain 
circumstances, such as prophylaxis 
for patients with a b-lactam allergy. 
Vancomycin should be included with 
cefazolin or used as an alternative 
agent for routine antimicrobial pro-
phylaxis for patients who are known 
to be colonized with MRSA.6,8,41,733,781 


Duration. The majority of avail-
able studies of antimicrobial pro-
phylaxis in spinal procedures have 
used single doses or regimens of 
<24 hours’ duration.732 There is no 
high-quality evidence supporting a 
duration of >24 hours,782 and some 
sources recommend only a single 
preoperative dose.8,769,778 


Pediatric efficacy. While no stud-
ies have evaluated the efficacy of an-
timicrobial prophylaxis in pediatric 
patients undergoing spinal proce-
dures with or without instrumenta-
tion, the incidence and risk factors 
for SSIs in this population have been 
reported. The frequencies of SSIs in 
pediatric patients undergoing spinal 
fusion were 3.5% (<18 years old),783 
3.8% (<19 years old),784 4.4% (ages 
1–22 years old), and 5.2% (<17 years 
old)764 for varying conditions, in-
cluding Scheuermann’s kyphosis,784 
myelodysplasia,764 idiopathic scolio-
sis,783,785 neuromuscular scoliosis,785 
kyphosis,783 and spondylolisthesis.783 
The majority of patients in studies 
reporting antimicrobial prophylaxis 
received cefazolin, vancomycin, or 
clindamycin.764,783,785 


Risk factors for SSIs after spinal 
procedures with instrumentation 
in a pediatric population include 
myelodysplasia,764 procedure at the 
sacral spine, obesity,785 ASA classifica-
tion of >2, a complex medical condi-
tion (including spinal bifida, cerebral 
palsy, Marfan syndrome, achondro-
plasia, osteogenesis imperfecta, other 
unspecified genetic disease, muscular 
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dystrophy, spinal muscular atrophy, 
or other debilitating myopathies),783 


and previous spinal procedures. One 
study found a decreased risk of infec-
tion with hypothermia (core body 
temperature of <35.5 °C for the du-
ration of the procedure).785


Two studies found suboptimal an-
timicrobial prophylaxis as a risk fac-
tor for SSIs in spinal procedures.764,783 
Optimal antimicrobial prophylaxis 
was defined as cefazolin 20 mg/kg 
(up to 2 g) given within 30 minutes764 


or 60 minutes783 before surgical inci-
sion, vancomycin 10 mg/kg (up to 1 
g) given within 60 minutes783 or 150 
minutes764 before surgical incision, 
or clindamycin 10 mg/kg (up to 600 
mg) given within 60 minutes before 
surgical incision.783 Intraoperative 
redosing was defined as appropriate 
for cefazolin if administered for pro-
cedures lasting more than four hours 
and for vancomycin or clindamycin 
for procedures lasting more than 
six hours in one study783 and for 
cefazolin administered every eight 
hours in the other study.764 A third 
study found that use of clindamycin 
as the perioperative antimicrobial 
increased the risk of SSI.785


Recommendations. Antimicro-
bial prophylaxis is recommended for 
orthopedic spinal procedures with 
and without instrumentation. The 
recommended regimen is cefazolin 
(Table 2). (Strength of evidence for 
prophylaxis in orthopedic spinal 
procedures = A.) Clindamycin and 
vancomycin should be reserved as 
alternative agents as described in the 
Common Principles section. If there 
are surveillance data showing that 
gram-negative organisms are a cause 
of SSIs for the procedure, practi-
tioners may consider combining 
clindamycin or vancomycin with an-
other agent (cefazolin if the patient 
is not b-lactam allergic; aztreonam, 
gentamicin, or single-dose fluoro-
quinolone if the patient is b-lactam 
allergic). Mupirocin should be given 
intranasally to all patients known to 
be colonized with S. aureus.


Hip fracture repair 
Background. Data support the use 


of antimicrobial prophylaxis for hip 
fracture repair to reduce the rate of 
SSIs, particularly in procedures that 
involve internal fixation (e.g., nails, 
screws, plates, wires). SSIs after hip 
fracture repair can result in extensive 
morbidity, including prolonged and 
repeated hospitalization, sepsis, per-
sistent pain, device replacement, and 
possible death.726,739,786-790 


Efficacy. The efficacy of anti-
microbial prophylaxis in hip frac-
ture repair has been illustrated in  
two meta-analyses.787,788 One meta-
analysis of 15 hip fracture procedure 
trials (the majority of procedures 
involved closed, proximal femoral, 
or trochanteric fractures with inter-
nal fixation) demonstrated that any 
dose and duration of prophylaxis 
are superior to no prophylaxis with 
respect to preventing SSIs (deep 
and superficial SSIs were analyzed 
together).787 The rate of SSIs was 
10.4% in controls versus 5.39% in 
treatment groups. A second meta-
analysis of 22 studies reiterated the 
efficacy of antimicrobial prophylaxis 
in fracture procedures.788 The analy-
sis included the same hip fracture 
studies examined in the first meta-
analysis, with additional studies of 
long-bone fracture repair (i.e., closed 
ankle fracture and other closed 
fractures, some noted with internal 
fixation). This second meta-analysis 
reviewed 10 studies of 1896 patients 
receiving a preoperative and two or 
more postoperative doses of a par-
enteral antimicrobial compared with 
a placebo or with no treatment. The 
authors found a relative risk of deep 
SSIs of 0.36 (95% CI, 0.21–0.65) and 
a relative risk of superficial SSIs of 
0.48 (95% CI, 0.28–0.81) associated 
with antimicrobial use.


Choice of agent. The antimicro-
bials most often studied for pro-
phylaxis in orthopedic procedures 
are first-generation cephalosporins 
due to their ease of administration, 
low cost, and safety profile.787,788,791 


Second- and third-generation cepha-
losporins have not been shown to 
offer clear advantages over first-
generation agents. These agents are 
not recommended for routine use 
due to their higher cost, potential to 
promote resistance, and association 
with adverse events (e.g., C. difficile-
associated diarrhea).8,790,792


Alternative regimens may be 
needed for institutions with highly 
resistant organisms, such as MRSA or 
C. difficile. Success in decreasing rates 
of C. difficile-associated disease and 
mortality was seen in a single-center 
study with the antimicrobial pro-
phylaxis regimen change from three 
doses of cefuroxime790,792 to a single 
preoperative dose of cefuroxime 
plus gentamicin.792 In another study,  
C. difficile-associated disease de-
creased after the prophylaxis regimen 
was changed from cefuroxime to 
amoxicillin–clavulanate.790


Clindamycin and vancomycin 
have adequate activity against the 
most common pathogens involved in 
orthopedic procedures and would be 
acceptable alternatives under certain 
circumstances, such as prophylaxis 
for patients with a b-lactam allergy. 
Vancomycin should be included with 
cefazolin or used as an alternative 
agent for routine antimicrobial pro-
phylaxis for patients who are known 
to be colonized with MRSA.6,8,41,733,781 


Duration. For effective prophy-
laxis, the MIC of the antimicrobial 
needs to be exceeded at the target site 
from the moment of incision until 
surgical-site closure.788 Two meta-
analyses demonstrating the efficacy 
of antimicrobial prophylaxis in long-
bone and hip fracture procedures also 
showed that multiple perioperative 
doses did not offer an advantage over 
a single preoperative dose.787,788 These 
studies support a duration of antimi-
crobial prophylaxis of ≤24 hours. 


Recommendations. The recom-
mended regimen in hip fracture re-
pair or other orthopedic procedures 
involving internal fixation is cefazo-
lin. Clindamycin and vancomycin 
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should be reserved as alternative 
agents, as described in the Com-
mon Principles section. If there are 
surveillance data showing that gram-
negative organisms are a cause of SSIs 
for the procedure, practitioners may 
consider combining clindamycin or 
vancomycin with another agent (ce-
fazolin if the patient is not b-lactam 
allergic; aztreonam, gentamicin, or 
single-dose fluoroquinolone if the 
patient is b-lactam allergic). Mupi-
rocin should be given intranasally to 
all patients with documented colo-
nization with S. aureus. (Strength of 
evidence for prophylaxis = A.)


Total joint replacement
Background.  In 2005, more 


than 750,000 hip or knee replace-
ments were performed in the United 
States.793 The reported frequency of 
SSIs complicating hip, knee, elbow, 
ankle, or shoulder replacement 
ranges from 0.6% to 12%.743,786,794-797 


SSI rates as high as 11% after hip 
replacement and 12% after elbow 
replacement have been reported.786,797 


However, for hip and knee replace-
ments, the most common joint ar-
throplasties, infection rates are typi-
cally less than 2%.165


The introduction of antimicro-
bial prophylaxis, stringent infection-
control protocols, and the use of 
ultraclean operating rooms has led 
to a substantial reduction in SSI rates 
(to ≤1%).734,786,796,798,799 Postoperative 
prosthetic joint infection is an organ/
space SSI that occurs early (within 3 
months postoperatively), is delayed 
(3–12 months postoperatively), or 
occurs late (>12 months after sur-
gery).748 These infections frequently 
require removal of the prosthesis, a 
prolonged course of antimicrobials, 
and one- or two-stage reimplanta-
tion of the prosthesis and may result 
in permanent disability.796,800 Studies 
have shown an estimated economic 
impact of one deep SSI of $100,000 
in hospital costs alone after hip ar-
throplasty and $60,000 after knee 
arthroplasty.727-731


Common risk factors for prosthet-
ic joint infection748 include advanced 
age; obesity; diabetes mellitus; corti-
costeroid use; malignancy; rheuma-
toid arthritis; previous arthroplasty 
on the same joint; arthroplasty un-
dertaken to treat a fracture; type of 
joint replaced (e.g., risk is greater for 
the knee than the hip); perioperative 
surgical-site complications, includ-
ing superficial SSI; hematoma; and 
persistent surgical-site drainage. 
Operative risk factors include ASA 
classification of ≥3, duration of pro-
cedure exceeding the 75th percentile 
for the procedure or exceeding three 
hours, surgical site classified as con-
taminated or dirty, and no systemic 
antimicrobial prophylaxis. Excluding 
the presence of a systemic antimi-
crobial, patients with these operative 
risk factors are at the greatest risk of 
developing an SSI. 


A contributing factor to SSIs in 
arthroplasty is the formation of bacte-
rial biofilm, particularly with S. aureus 
and S. epidermidis, on inert surfaces 
of orthopedic devices to confer anti-
microbial resistance and difficulty in 
antimicrobial penetration.744-748


Efficacy. The majority of stud-
ies that have evaluated antimicro-
bial prophylaxis in joint replacements 
have been conducted in patients 
undergoing total hip or total knee ar-
throplasty.801 There is a lack of efficacy 
data involving elbow, shoulder, and 
ankle arthroplasty; however, the same 
antimicrobial prophylaxis principles 
can be applied. In light of the serious 
potential consequences, antimicro-
bial prophylaxis is well accepted in 
procedures involving the implanta-
tion of foreign materials.8,543,732,733


A meta-analysis supports the use 
of antimicrobial prophylaxis for SSI 
reduction in patients undergoing 
total joint replacement.801 Of the 
26 randomized controlled studies 
examined, 24 included patients un-
dergoing total hip or total knee ar-
throplasty. The meta-analysis noted 
that the studies did not clearly state 
if the arthroplasties were primary 


or revision. The SSIs were defined 
as visible purulent exudates at the 
surgical site (deep or superficial) in 
the included studies. Seven studies  
(n = 3065 patients) pooled to com-
pare antimicrobial prophylaxis with 
placebo found a relative risk reduc-
tion of SSIs of 81%. 


Choice of agent. There are no data 
supporting superiority of one class of 
antimicrobials over another for an-
timicrobial prophylaxis in total joint 
replacement. A meta-analysis of stud-
ies, mainly in total hip or total knee 
replacement, found no difference in 
SSIs between cephalosporins with tei-
coplanin (not available in the United 
States) in five studies with 2625 
patients, cephalosporins and peni-
cillin derivatives in three studies of 
386 patients, and first- and second-
generation cephalosporins in eight 
studies of 2879 patients.801 Selection 
should be based on cost, availability, 
and local resistance patterns. First-
generation cephalosporins are the 
agents most commonly studied and 
used for antimicrobial prophylaxis in 
joint replacement procedures.


Clindamycin and vancomycin 
have adequate activity against the 
most common pathogens involved in 
orthopedic procedures and would be 
acceptable alternatives under certain 
circumstances, such as prophylaxis 
for patients with a b-lactam allergy. 
Vancomycin should be included 
with cefazolin or used as an alterna-
tive agent for routine antimicrobial 
prophylaxis in institutions that have 
a high prevalence of MRSA SSIs and 
for patients who are known to be col-
onized with MRSA.6,8,41,733,781 Readers 
are referred to the section on implan-
tation of internal fixation devices for 
further discussion of antimicrobial 
prophylaxis choice.


Antimicrobial-laden bone cement. 
The use of antimicrobial-laden bone 
cement in conjunction with i.v. an-
timicrobial prophylaxis is common 
worldwide, particularly for the pre-
vention of infection in primary hip 
and knee arthroplasties.802-806 FDA 
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has approved premixed aminogly-
coside (i.e., gentamicin and tobra-
mycin) in bone cement products for 
use in hip, knee, or other joints in 
second-stage revision of total joint 
arthroplasty.807 The products are not 
approved for prophylaxis in primary 
joint replacement procedures. While 
antimicrobial bone cement has not 
been shown to be superior to i.v. 
antimicrobials,808,809 there is evidence 
that supports the combination of us-
ing antimicrobial-laden bone cement 
together with systemic antimicrobial 
prophylaxis. 


Although the evidence for the 
prophylactic use of antimicrobial-
laden bone cement in primary joint 
arthroplasty looks favorable, a recent 
multicenter evaluation of risk fac-
tors for SSI in patients undergoing 
total hip arthroplasty did not find 
that use of antimicrobial-laden bone 
cement reduced the risk for infec-
tion.95 In addition, questions remain 
regarding the risk for antimicrobial 
resistance and allergy, as well as the 
increased cost.41,802-807,810-813 Readers 
are referred to reviews of this topic 
for additional information about tis-
sue penetration, clinical application, 
and safety.805,810-815


Duration. The duration of prophy-
laxis in joint replacement procedures 
has been controversial. More recent 
data and clinical practice guidelines 
do not support prophylaxis beyond 
24 hours.6,41,133,723 Studies involving 
total hip replacement have used an-
timicrobials for 12 hours to 14 days 
postoperatively.726,734-737,816 A duration 
of 24 hours was supported in a ran-
domized trial of 358 patients under-
going total hip arthroplasty, total knee 
arthroplasty, or hip fracture repair 
that compared prophylaxis that lasted 
24 hours versus 7 days of either naf-
cillin or cefazolin started 20 minutes 
before the procedure.816 The differ-
ence in SSI rates between groups was 
not significant. There is no evidence 
of benefit of antimicrobial admin-
istration until all drains or catheters 
are removed.32,41,133 


Recommendations. The recom-
mended regimen for patients under-
going total hip, elbow, knee, ankle, 
or shoulder replacement is cefazolin. 
Clindamycin and vancomycin should 
be reserved as alternative agents, as 
described in the Common Principles 
section. If there are any surveillance 
data showing that gram-negative 
organisms are a cause of SSIs for the 
procedure, practitioners may consid-
er combining clindamycin or vanco-
mycin with another agent (cefazolin 
if the patient is not b-lactam allergic; 
aztreonam, gentamicin, or a single-
dose fluoroquinolone if the patient is 
b-lactam allergic). Mupirocin should 
be given intranasally to all patients 
with documented colonization with 
S. aureus. (Strength of evidence for 
prophylaxis = A.) 


Urologic procedures
Background. The goals of anti-


microbial prophylaxis in urologic 
procedures are the prevention of 
bacteremia and SSIs and the preven-
tion of postoperative bacteriuria.59 


Postoperative urinary tract infections 
(UTIs) are the main concern for 
morbidity in patients after urologic 
procedures.817,818 Bacteriuria, defined 
as >103 or >104 CFU/mL in symp-
tomatic UTI and >105 CFU/mL in 
asymptomatic bacteriuria, within 30 
days postoperatively is a frequent pri-
mary outcome in urologic procedure 
studies.819-825 The benefits of prevent-
ing postoperative bacteriuria are not 
clearly known.825


In addition to general risk factors 
discussed in the Common Prin-
ciples section of these guidelines, 
urologic-specific risk factors include 
anatomic anomalies of the urinary 
tract,818 urinary obstruction,826 uri-
nary stone,817,825,826 and indwelling 
or externalized catheters.817,818,822,826 
Preoperative UTI, particularly if re-
current, is recognized as a high-risk 
factor for postoperative infection, 
which is typically treated before pro-
cedures and is a common exclusion 
criterion from studies of efficacy of 


antimicrobial prophylaxis in uro-
logic procedures.817,826-828 Additional 
urologic operation-specific risk fac-
tors include length of postoperative 
catheterization,829 mode of irrigation 
(closed versus open), and postopera-
tive pyuria.821 


Organisms. E. coli is the organism 
most commonly isolated in patients 
with postoperative bacteriuria; how-
ever, other gram-negative bacilli and 
enterococci may also cause infec-
tion.818,821,827,830-839 Organisms such 
as S. aureus, coagulase-negative 
Staphylococcus species, and group A 
Streptococcus species are also a con-
cern in procedures entering the skin 
with or without entering the urinary 
tract.818,827,830-832,838,840,841 There is also 
some concern with biofilm-forming 
bacteria (S. epidermidis and P. aeru-
ginosa) in patients with prosthesis 
implantation.842


Efficacy. The efficacy of antimi-
crobial prophylaxis in select urologic 
procedures has been investigated in 
several clinical trials. Of note, many 
of these placebo-controlled studies 
have excluded patients with risk fac-
tors for infection, those requiring 
antimicrobial prophylaxis for another 
indication (e.g., infective endocardi-
tis), and those with preoperative UTI 
or bacteriuria. 


The efficacy of antimicrobial pro-
phylaxis in clean procedures among 
patients at low risk of complications 
has been variable. One randomized, 
placebo-controlled study of oral anti-
microbials in 2083 patients undergo-
ing flexible cystoscopy found a posi-
tive urine culture (bacteriuria with 
>105 CFU/mL) in 9.1% of patients 
receiving placebo, 4.6% of patients 
receiving trimethoprim, and 2.8% 
of patients receiving ciprofloxacin.839 
The rates of bacteriuria compared 
with baseline were significantly higher 
with placebo and significantly lower 
with use of antimicrobials compared 
with placebo. A randomized, placebo-
controlled study of 517 patients 
undergoing prostate brachytherapy 
found no significant difference in 







ASHP RePoRt Antimicrobial prophylaxis


243Am J Health-Syst Pharm—Vol 70  Feb 1, 2013


postimplantation epididymitis with 
or without antimicrobial prophylaxis 
(0.4% and 1.5%, respectively).843 A 
meta-analysis of eight randomized, 
placebo-controlled or no-treatment-
controlled studies with 995 patients 
undergoing urodynamic studies 
found a decrease in bacteriuria with 
antimicrobial prophylaxis (OR, 0.39; 
95% CI, 0.24–0.61).820 The number 
needed to treat was 13 to prevent one 
episode of asymptomatic bacteriuria 
using a pooled rate of 13.7% for 
bacteriuria. One study found that 
not using antimicrobial prophylaxis 
was a significant risk factor for bac-
teriuria caused by urinary dynamic 
studies.821


Antimicrobial prophylaxis has 
been studied in urologic procedures 
involving entry into the gastrointesti-
nal tract, with the majority of the liter-
ature on transurethral resection of the 
prostate (TURP) and prostate biopsy. 
Two large meta-analyses have sug-
gested prophylactic antimicrobials 
may be effective in all patients under-
going TURP, including low-risk pa-
tients and those with preoperatively 
sterile urine.844,845 One meta-analysis 
of 32 trials with 4260 patients found 
that prophylactic antimicrobials 
decreased the combined bacteriuria 
(>105 CFU/mL) event rate from 26% 
to 9.1%, for a relative risk reduction 
of 65% (95% CI, –55 to –72), and 
the combined clinical septicemia 
episode rate from 4.4% to 0.7% in 
TURP patients, including low-risk 
patients.846 Another meta-analysis 
of 28 trials that included a total of 
4694 patients found prophylactic 
antimicrobials decreased the post-
TURP rate of bacteriuria, fever, and 
bacteremia, as well as the need for 
additional postoperative antimicro-
bials.847 An additional multicenter, 
open-label, randomized, active- and 
placebo-controlled trial in patients 
with sterile urine undergoing TURP 
found a decreased rate of bacteriuria 
(≥5 CFU/mL) with antimicrobial 
prophylaxis (21% with levofloxacin 
and 20% with sulfamethoxazole– 


trimethoprim) compared with pla-
cebo (30%) (p = 0.009).822 


Three randomized, placebo- 
controlled studies of patients un-
dergoing transrectal needle biopsy 
of the prostate found significant dif-
ferences in infectious complications 
(including bacteriuria, positive urine 
cultures, and UTI) in patients treated 
with single doses of oral antimi-
crobial prophylaxis compared with 
placebo.819,837,838 These three studies 
support the routine use of antimicro-
bial prophylaxis in all patients under-
going transrectal needle biopsy of the 
prostate. Of note, all patients under-
going transrectal needle biopsy of the 
prostate received a cleansing enema 
before the procedure.819,837,838 Use of 
MBP has been reported in urologic 
procedures that involve entering the 
gastrointestinal tract (e.g., urinary 
diversion).844,846 


The use of antimicrobial pro-
phylaxis in patients undergoing ex-
tracorporeal shock wave lithotripsy 
(ESWL) and ureterorenoscopy is 
supported by the results of a meta-
analysis847 and a small randomized 
controlled trial.848 The meta-analysis 
included eight randomized con-
trolled trials with 885 patients and 
six clinical case series involving 597 
patients undergoing ESWL.845 The 
overall rate of UTI in the random-
ized controlled trials ranged from 
0% to 7.7% with antimicrobial pro-
phylaxis and from 0% to 28% in the 
control groups (relative risk, 0.45; 
95% CI, 0.22–0.93). A randomized, 
placebo-controlled study of 113 
patients undergoing ureterorenos-
copy found a rate of postoperative 
bacteriuria of 1.8% with antimicro-
bial prophylaxis and 12.5% without  
(p = 0.0026).848 No patients had 
symptomatic UTI or inflammation 
complications of the urogenital 
tract postoperatively.


There are no studies of antimi-
crobial prophylaxis in major open 
or laparoscopic procedures (cystec-
tomy, radical prostatectomy, and 
nephrectomy); therefore, data have 


been extrapolated from other major 
intraabdominal procedures.


Choice of agent. No single antimi-
crobial regimen appears superior for 
urologic procedures. A wide range 
of antimicrobial regimens, including  
cephalosporins,658,835,836,843,849-855 ami-
noglycosides,856,857 piperacillin– 
tazobactam,849,858,859 trimethoprim–
sulfamethoxazole,822,838,860 trimeth-
oprim,839 nitrofurantoin,861 and 
f luoroquinolones , 819,821,822,824,831, 


835-837,839,840,843,848,851,853-855,862,863 have 
been evaluated in urologic proce-
dures. The efficacy of fluoroquino-
lones for antimicrobial prophylaxis 
in urologic surgical procedures has 
been well established. One study 
found better reduction of bacteriuria 
with either ciprofloxacin or trim-
ethoprim compared with placebo,839 
while other studies found no differ-
ence in efficacy between a fluoro-
quinolone and sulfamethoxazole– 
trimethoprim, both of which were 
better than placebo.822,838 No differ-
ences were found in studies between 
oral or i.v. fluoroquinolones (cipro-
floxacin or ofloxacin) compared with 
i.v. or intramuscular cephalosporins 
(ceftriaxone, cefotaxime, or cefazo-
lin) and intramuscular penicillin 
(piperacillin–tazobactam) in various 
urologic procedures.835,836,851,854,855,858 


In several studies, fluoroquinolones 
were administered orally, which ap-
pears to be feasible in patients un-
dergoing procedures not involving 
opening the urinary or gastrointes-
tinal tract, when the i.v. route would 
be preferred.822,836,838,851,855,858 Recently, 
resistance to fluoroquinolones has 
been emerging; the fact that most of 
the literature was published before 
resistance became prevalent should 
be considered, since resistance may 
decrease the relevance of these stud-
ies.836,846,847,858,864 Local resistance pat-
terns to fluoroquinolones, particu-
larly with E. coli, should be evaluated 
to help guide antimicrobial selection.


Broad-spectrum antimicrobials, 
such as third-generation cephalo-
sporins and carbapenems, are no  
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more effective than first- or second-
generation cephalosporins, aminogly-
cosides, or oral agents (trimethoprim– 
sulfamethoxazole, nitrofurantoin, or 
fluoroquinolones) and should be re-
served for patients with active infec-
tion or who require additional cover-
age for intestinal organisms.6,826,827 
Their routine use is not recom-
mended due to their higher cost 
and potential to promote resistance, 
particularly among health-care- 
associated gram-negative bacilli.8


Duration. While longer durations of  
postoperative prophylaxis (up to 
three weeks) have been stud-
ied,856,858,860,861 more-recent data sup-
port the use of shorter durations 
(i.e., a single dose or less than 
24 hours’ duration) in urologic  
p ro ce d u re s . 6 5 8 , 8 1 7 , 8 1 8 , 8 2 3 , 8 2 4 , 8 2 6 , 8 3 1 , 


832,834,836,846,853,857,859,862,865,866 Based on 
bioavailability, oral antimicrobi-
al prophylaxis should be admin-
istered 1–2 hours before surgi-
cal incision or start of the proce-
dure.817,819-822,824,826,836,838,840,848,851,855 


Pediatric efficacy. Limited data on 
antimicrobial prophylaxis are avail-
able for pediatric patients undergo-
ing urologic procedures. One pro-
spective, open-label, nonrandomized 
study of boys undergoing hypospa-
dias repair with tabularized incision 
plate urethroplasty allocated patients 
to receive cefonicid (no longer avail-
able in the United States) with one 
i.v. dose before the procedure only or 
the addition of oral cephalexin three 
times daily starting on postopera-
tive day 1 until 2 days after catheter 
removal (median, 8.3 days).833 More 
patients in the single-dose group had 
bacteriuria and complications (ure-
throcutaneous fistula and meatal ste-
nosis); however, the rate of infection 
and infection-related complications 
did not significantly differ between 
groups. 


Recommendations. No antimicro-
bial prophylaxis is recommended for 
clean urologic procedures in patients 
without risk factors for postoperative 
infections. Patients with preoperative 


bacteriuria or UTI should be treated 
before the procedure, when possible, 
to reduce the risk of postoperative in-
fection. For patients undergoing low-
er urinary tract instrumentation with 
risk factors for infection, the use of a 
fluoroquinolone or trimethoprim–
sulfamethoxazole (oral or i.v.) or 
cefazolin (i.v. or intramuscular) is 
recommended (Table 2). For patients 
undergoing clean urologic proce-
dures without entry into the urinary 
tract, cefazolin is recommended, with 
vancomycin or clindamycin as an al-
ternative for those patients allergic to 
b-lactam antimicrobials. For patients 
undergoing clean urologic proce-
dures with entry into the urinary 
tract, cefazolin is recommended, with 
alternative antimicrobials to include 
a fluoroquinolone, the combination 
of an aminoglycoside plus metroni-
dazole, or an aminoglycoside plus 
clindamycin. For clean-contaminated 
procedures of the urinary tract (often 
entering the gastrointestinal tract), 
antimicrobials as recommended 
for elective colorectal surgery are 
recommended. This would gener-
ally include the combination of 
cefazolin with or without metroni-
dazole, cefoxitin, or, for patients with  
b-lactam allergy, a combination of 
either a fluoroquinolone or amino-
glycoside given with either metroni-
dazole or clindamycin. The medical 
literature does not support con-
tinuing antimicrobial prophylaxis 
until urinary catheters have been 
removed. See the colorectal proce-
dures section of these guidelines 
for recommendations pertaining to 
procedures entering the gastrointes-
tinal tract. (Strength of evidence for 
prophylaxis = A.)


Vascular procedures
Background. Infection after vas-


cular procedures occurs with low fre-
quency but can be associated with ex-
tensive morbidity and mortality.867,868 
Postoperative infections involving 
vascular graft material can result in 
limb loss and life-threatening con-


ditions.868 As a result, antimicrobial 
prophylaxis is widely used in proce-
dures that involve implantation of 
prosthetic material and procedures 
for which there is greater risk of 
infection, such as aneurysm repair, 
thromboendarterectomy, and vein 
bypass.6,41,867,869 Patients undergoing 
brachiocephalic procedures (e.g., 
carotid endarterectomy, brachial 
artery repair) without implantation 
of prosthetic graft material do not 
appear to benefit from routine anti-
microbial prophylaxis.6,41,867,870 


Risk factors for postoperative 
SSI in patients undergoing vascular 
procedures include lower-extremity 
sites, delayed procedures after hos-
pitalization, diabetes mellitus, and a 
history of vascular or aortocoronary 
bypass procedures.871,872 Currently, 
prospective data from well-designed 
studies on prophylaxis for endovas-
cular stenting do not exist. However, 
if prophylaxis is desired, the same 
antimicrobials and short duration 
of therapy used for open vascular 
procedures should be given. Risk 
factors that warrant consideration of 
prophylaxis in patients undergoing 
endovascular stenting include pro-
longed procedures (more than two 
hours), reintervention at the surgical 
site within seven days, vascular stent 
placement in the groin through a 
hematoma or sheath, procedures in 
immunosuppressed patients, and 
the presence of another intravascular 
prosthesis.873-877 


Organisms. The predominant 
organisms involved include S. aureus, 
S. epidermidis, and enteric gram-
negative bacilli. MRSA is an emerg-
ing organism of concern. 


Several studies evaluated the 
rate of colonization, carriage, and 
infection with MRSA in patients 
undergoing various vascular proce-
dures.878-884 Independent risk factors 
for MRSA infection included MRSA 
colonization, open abdominal aortic 
aneurysm, tissue loss, and lower-
limb bypass.878 Patients who have 
or develop MRSA infections before 
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vascular procedures have increased 
risk of inhospital death, intensive 
care unit admission, repeat surgeries, 
increased length of stay, and delayed 
wound healing, compared with pa-
tients without infections.880-883 


Efficacy. Prophylactic antimi-
crobials decrease the rate of infec-
tion after procedures involving the 
lower abdominal vasculature and 
procedures required to establish di-
alysis access. The follow-up time for 
patients with late surgical-site com-
plications was at least once after hos-
pital discharge (not further defined) 
for most studies,829,865,871,885-887 at one 
month,869,871,888,889 at six months,872 
and at three years.138


A meta-analysis of 10 randomized 
controlled trials in patients undergo-
ing peripheral arterial reconstruction 
with biological or prosthetic graft 
procedures found an overall consis-
tent reduction in SSIs with systemic 
antimicrobial prophylaxis compared 
with placebo (relative risk, 0.25; 95% 
CI, 0.17–0.38; p < 0.00001).890 An 
overall reduction was found among 
5 studies evaluating early graft in-
fection (relative risk, 0.31; 95% CI, 
0.11–0.85; p = 0.02), though no 
individual study found a significant 
reduction in SSIs. 


The largest study included in the 
meta-analysis above was a random-
ized, prospective, double-blind, 
placebo-controlled study of patients 
undergoing peripheral vascular pro-
cedures (n = 462). The infection rate 
was significantly lower with cefazolin 
than with placebo (0.9% and 6.8%, 
respectively).885 Four deep graft in-
fections were observed in the placebo 
group; none occurred in the patients 
who received cefazolin. No infections 
were observed in patients who un-
derwent brachiocephalic (n = 103), 
femoral artery (n = 56), or popliteal 
(n = 14) procedures. 


Patients undergoing vascular  
access procedures for hemodialysis 
may benefit from the administration 
of antistaphylococcal antimicrobials. 
A placebo-controlled study of 408 pa-


tients undergoing permanent vascu-
lar access placement demonstrated an 
upper-extremity prosthetic polytet-
rafluoroethylene graft infection rate 
of 6% with placebo compared with 
1% with vancomycin (p = 0.006).869 


Choice of agent. Cefazolin remains 
the preferred and most cost-effective 
prophylactic agent for use in vascular 
procedures.6,8,41,872,886,887 There was 
no significant difference in infection 
rates between cefazolin and cefu-
roxime in patients undergoing ab-
dominal aortic and lower-extremity 
peripheral vascular procedures,886 be-
tween cefazolin and cefamandole (no 
longer available in the United States) 
in patients undergoing aortic or in-
frainguinal arterial procedures,887 or 
between cefazolin and ceftriaxone in 
patients undergoing arterial recon-
struction involving infraclavicular 
sites.872


A multicenter, randomized,  
double-blind, prospective trial of 
580 patients undergoing arterial 
procedures involving the groin who 
received either two doses of cipro-
floxacin 750 mg orally or three doses 
of cefuroxime 1.5 g i.v. on the day 
of the procedure found an SSI rate 
of 9.2% (27 patients) and 9.1% (26 
patients), respectively, within 30 days 
of the procedure889 Although oral 
ciprofloxacin was shown to be as ef-
fective as i.v. cefuroxime, this study 
did not address concerns about resis-
tance with routine use of fluoroquin-
olones.891 Therefore, i.v. cefazolin 
remains the first-line agent for this 
indication. The efficacy of oral agents 
for prophylaxis needs to be further 
evaluated. 


There are limited data regarding 
the choice of an antimicrobial for 
b-lactam-allergic patients undergo-
ing vascular procedures. The main 
alternative agents are vancomycin 
and clindamycin, since prophy-
laxis is largely directed against gram- 
positive cocci. Vancomycin can also 
be used for prophylaxis in institu-
tions with MRSA or methicillin-
resistant S. epidermidis (MRSE) 


clusters or in patients with b-lactam 
allergy.6,8,41 Clindamycin may be an 
acceptable alternative to vancomycin, 
though local antimicrobial resis-
tance patterns should be taken into  
account.


An aminoglycoside may be added 
to vancomycin for the addition of 
aerobic gram-negative bacilli cover-
age if the procedure involves the 
abdominal aorta or a groin incision, 
due to the potential for gastrointesti-
nal flora. See the Common Principles 
section of these guidelines for further 
discussion of the use of vancomy-
cin. Alternative antimicrobials for 
b-lactam-allergic patients receiving 
vancomycin may include a fluoro-
quinolone or aztreonam.6


Duration. A meta-analysis of 
three randomized controlled stud-
ies involving vascular procedures, 
including lower-limb reconstruction 
and open arterial procedures, found 
no additional benefit of continuing 
prophylactic antimicrobials for over 
24 hours postoperatively compared 
with no more than 24 hours (relative 
risk, 1.28; 95% CI, 0.82–1.98).890 


A randomized, double-blind 
study compared infection rates of 
a one-day and a three-day course 
of cefuroxime with placebo in 187 
patients undergoing peripheral vas-
cular procedures.888 The infection 
rates were 16.7%, 3.8%, and 4.3% in 
the placebo, one-day, and three-day 
groups, respectively. The difference 
in the infection rates between the 
one- and three-day groups was not 
significant. 


A randomized controlled study 
compared one day and five days of 
amoxicillin–clavulanate 1.2 g in 100 
patients undergoing 108 lower-limb 
reconstruction procedures.892 No dif-
ference was seen in the postoperative 
SSI rate between groups (9 patients 
[16%] and 12 patients [23%], respec-
tively). The study authors selected 
the agent based on extended spec-
trum of activity and good tissue pen-
etration. However, they concluded 
that due to the high rate of infection 
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observed, the use of antimicrobial 
prophylaxis might not be as effective 
as once thought.


A randomized controlled study 
compared ticarcillin–clavulanate 3.1 
g given as a single dose at induction 
of anesthesia with multiple doses 
given at induction and every 6 hours 
postoperatively until venous access 
lines were removed or a maximum 
of 20 doses (total of five days) in 
patients undergoing open arte-
rial procedures.893 Significantly more 
SSIs occurred in the single-dose 
group (28 [18%] of 153 patients) 
compared with the multidose group 
(15 [10%] of 149 patients) (relative 
risk, 2; 95% CI, –1.02 to 3.92; p = 
0.041). Ticar cillin–clavulanate has a 
short duration of action and is not 
recommended as a routine agent for 
antimicrobial prophylaxis. Practice 
guidelines recommend single-dose 
prophylaxis in vascular procedures 
or a maximum duration of therapy 
of 24 hours postoperatively, re-
gardless of the presence of invasive 
drains.6,41


Recommendations. The recom-
mended regimen for patients under-
going vascular procedures associated 
with a higher risk of infection, includ-
ing implantation of prosthetic mate-
rial, is cefazolin (Table 2). (Strength 
of evidence for prophylaxis = A.) 
Clindamycin and vancomycin should 
be reserved as alternative agents as 
described in the Common Principles 
section of these guidelines. If there are 
surveillance data showing that gram-
negative organisms are a cause of SSIs 
for the procedure, practitioners may 
consider combining clindamycin or 
vancomycin with another agent (ce-
fazolin if the patient is not b-lactam 
allergic; aztreonam, gentamicin, or 
single-dose fluoroquinolone if the 
patient is b-lactam allergic), due to 
the potential for gastrointestinal flora 
exposure. 


Heart, lung, and heart–lung 
transplantation


Background. Solid-organ trans-


plant recipients are at high risk for 
infections due to the complexity of 
the surgical procedures, donor- or 
recipient-derived infections, reacti-
vation of recipient-associated latent 
infections, preoperative recipient 
colonization, exposure to commu-
nity pathogens, and opportunistic 
infections due to immunosuppres-
sion.894-897 Infections occur more 
frequently in the first year after trans-
plantation, due to aggressive immu-
nosuppression. Transplant recipi-
ents with infections are commonly 
asymptomatic or have nonspecific 
symptoms or sequelae of infection, 
which makes detection and diagnosis 
of infections difficult.855,857,894 Postop-
erative infections caused by bacterial, 
viral, and fungal pathogens, includ-
ing SSIs, UTIs, bloodstream infec-
tions, and pneumonia, are of greater 
concern within the first month after 
transplantation.895-897 Opportunistic 
infections that result from immu-
nosuppression typically occur after 
the first month of transplantation. 
It is routine for transplant recipients 
to receive antimicrobial prophy-
laxis to prevent opportunistic infec-
tions.894-897 A discussion of the pro-
phylactic strategies for prevention of 
cytomegalovirus (CMV) infection, 
herpes simplex virus infection, pneu-
mocystis, UTI in kidney transplant 
recipients, Aspergillus infection in 
lung transplant recipients, and other 
opportunistic infections outside of 
the immediate posttransplantation 
period is beyond the scope of these 
guidelines. 


Few well-designed, prospective, 
comparative studies of antimicrobial 
prophylaxis have been conducted 
with patients undergoing solid-organ 
transplantation, and no formal rec-
ommendations are available from ex-
pert consensus panels or professional 
organizations; however, there are 
reviews that provide guidance.8,41,894 


The recommendations given for 
each of the solid-organ transplant 
procedures are intended to provide 
guidelines for safe and effective 


surgical prophylaxis based on the 
best available literature. Antimicro-
bial surgical prophylaxis practice will 
vary considerably among transplan-
tation centers throughout the United 
States, based on the organ involved, 
preexisting recipient and donor 
infections, and local antimicrobial 
susceptibilities.894-897


Heart transplantation. Back-
ground. Heart transplantation is an 
option for selected patients with 
end-stage cardiac disease. In 2007, 
the United Network for Organ Shar-
ing (UNOS) reported that 2209 heart 
transplants were performed in the 
United States, including 327 in chil-
dren (<18 years of age).898 The mean 
graft survival rate 10 years after heart 
transplantation is approximately 
49%. Infection continues to be an 
important cause of morbidity and 
mortality after heart transplantation 
and is a primary cause of death in ap-
proximately 14% of patients within 
the first year after transplantation.899 


Despite the large number of heart 
transplantation procedures per-
formed, few studies have specifically 
examined postoperative SSI rates in 
this population. General cardiotho-
racic procedures have been associat-
ed with SSI rates ranging from 9% to 
55% in the absence of antimicrobial 
prophylaxis.214,900,901 Studies of gener-
al cardiothoracic procedures, includ-
ing heart transplantation, found SSIs, 
particularly mediastinitis, in 3–6% of 
patients who received antimicrobial 
prophylaxis.170,902 The frequency was 
highest in heart transplant recipients. 
The SSI rates reported in patients 
undergoing heart transplantation 
who received antimicrobial pro-
phylaxis ranged from 5.8% to 8.8%, 
including mediastinitis in 3–7% of 
patients.903,904


Several independent risk factors 
for SSIs after cardiac and thoracic 
procedures have been identified (see 
the cardiac and thoracic sections of 
this article). Heart transplantation 
has been identified as an indepen-
dent risk factor for SSIs.170 Other 
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independent risk factors for SSIs in 
heart transplantation include age,905 
receipt of ciprofloxacin alone for 
prophylaxis,906 positive wire cul-
tures,907 a BMI of >30 kg/m2, female 
sex,908 previous cardiac procedures, 
previous left VAD placement, and 
hemodynamic instability requiring 
inotropic support.903,904 Unfavor-
able functional outcomes were seen 
in patients who developed infec-
tions within the first year after heart 
transplantation associated with lung, 
bloodstream, and CMV infections.909 
Independent predictors of mortality 
in heart transplant recipients includ-
ed serum creatinine levels, amyloid 
etiology, history of hypertension, 
pulmonary infection, and CNS infec-
tion. Additional predisposing factors 
for infection in heart transplantation 
include exposure to pathogens from 
the donor or transplant recipient, the 
time from organ recovery to reperfu-
sion, and the immunosuppressive 
regimens used.897,904,910 Similar risk 
factors for infection are noted in pe-
diatric transplant recipients, with the 
addition of a naive immune system 
to several pathogens, most notably 
viruses, as well as incomplete pri-
mary immunization series.897


Patients with an indwelling VAD 
at the time of heart transplanta-
tion have additional prophylaxis 
concerns. Recipients who do not 
have a driveline infection and have 
no history of either colonization or 
infection should receive prophylaxis 
as described for recipients without a 
VAD in place. Patients with a history 
of colonization or previous infection 
should have the antimicrobial sensi-
tivities of that organism considered 
when choosing the SSI prophylactic 
regimen administered, though the 
duration should still be less than 24 
hours. Heart transplant recipients 
with an active VAD driveline infec-
tion at the time of heart transplan-
tation should be given appropriate 
antimicrobials specifically for the 
treatment of that infection. This 
intervention will usually determine 


the actual perioperative prophy-
laxis regimen as well as the dura-
tion of therapy beyond the period 
of prophylaxis.


Patients requiring ECMO as a 
bridge to heart transplantation 
should be treated with a similar ap-
proach. If there is no history of colo-
nization or previous infection, then 
the general recommendations for 
SSI antimicrobial prophylaxis for the 
specific procedure should be followed. 
In ECMO patients with a history of 
colonization or previous infection, 
changing the preoperative antimicro-
bial prophylaxis to cover these patho-
gens must be considered, weighing 
whether the pathogen is relevant to 
SSIs in the planned procedure. 


Because heart transplantation is 
similar to other cardiac and thoracic 
procedures, similar considerations 
regarding the need for antimicro-
bial prophylaxis apply (see the car-
diac and thoracic sections).911 These 
guidelines do not address antimicro-
bial prophylaxis for infective endo-
carditis. Readers are referred to the 
current guidelines for prevention of 
infective endocarditis from AHA.11,228


Organisms. As with other types 
of cardiothoracic procedures, gram-
positive organisms, mainly Staphy-
lococcus species, are the primary 
pathogens that cause SSI after heart 
transplantation.902,905-907,912,913 MRSA 
was reported in 12–21% of SSIs  
in several cohort studies.903,905,906  
Vancomycin-resistant Enterococ-
cus faecalis was noted in 15% of 
infections in one cohort study.903 
Other gram-positive pathogens 
(e.g., coagulase-negative staphylo-
cocci, Enterococcus species)903,905-907,913 
and gram-negative organisms (e.g., 
Enterobacteriaceae, P. aeruginosa, 
Stenotrophomonas maltophilia) are 
also a concern for SSIs in heart 
transplant recipients, as are Candida 
species.903,906 


Efficacy. Despite the paucity of lit-
erature on antimicrobial prophylaxis 
for the prevention of SSIs in heart 
transplantation, the efficacy noted in 


other cardiac surgical procedures has 
made it the standard of practice dur-
ing transplantation.896 


No randomized controlled tri-
als have specifically addressed the 
use of antimicrobial prophylaxis in 
heart transplantation. In an open-
label noncomparative study, the SSI 
rate was 4.5% among 96 patients 
administered cefotaxime plus floxa-
cillin preoperatively and for 72 hours 
after cardiac procedures.912 This rate 
of infection was similar to that seen 
in other cardiothoracic, nonheart 
transplantation procedures in which 
antimicrobial prophylaxis was used. 


Choice of agent. Antimicrobial 
prophylaxis for heart transplanta-
tion should be similar to that used  
for other types of cardiothoracic  
procedures.911 First- and second- 
generation cephalosporins are con-
sidered to be equally efficacious 
and are the preferred agents. There 
appear to be no significant differ-
ences in efficacy among prophylac-
tic regimens using agents such as 
cefazolin and cefuroxime.914 The use 
of antistaphylococcal penicillins, 
either alone or in combination with 
aminoglycosides or cephalosporins, 
failed to demonstrate superior 
efficacy to that of cephalosporin 
monotherapy (see the cardiac and 
thoracic sections) in other cardio-
thoracic procedures. 


Several cohort studies examined 
antimicrobial prophylactic agents 
used for patients undergoing heart 
transplantation but did not evalu-
ate efficacy.902,903,905,906 Ciprofloxacin 
alone was found to be an indepen-
dent risk factor for incisional SSIs.906


Duration. There is no consensus 
on the optimal duration of antimi-
crobial prophylaxis in cardiotho-
racic procedures, including heart 
transplantation. Cohort evalua-
tions of patients undergoing heart 
transplantation reported durations 
of antimicrobial prophylaxis with 
cefazolin or vancomycin of 24 or 48 
hours postoperatively.902,903,905 Data 
from cardiothoracic procedures 
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also support a range of prophylaxis 
durations, from a single dose to 24 
or 48 hours postoperatively.41,131 The 
currently accepted duration for these 
procedures, which do not include 
transplantation, is 24–48 hours 
postoperatively.41,59,131,201 The dura-
tion of antimicrobial prophylaxis for 
patients who do not have their chest 
primarily closed is unclear; most 
centers continue prophylaxis until 
the chest is closed, but there is no 
evidence to support this practice.


Pediatric efficacy. No randomized 
controlled studies have specifically 
addressed antimicrobial prophylaxis 
for heart transplantation in pediatric 
patients. Infants are at risk for me-
diastinitis caused by gram-negative 
as well as gram-positive organisms. 
Pediatric patients undergoing heart 
transplantation should be treated 
according to recommendations for 
other types of cardiothoracic proce-
dures. The recommended regimen for 
pediatric patients undergoing cardio-
thoracic procedures is cefazolin 25–50 
mg/kg i.v. within 60 minutes before 
surgical incision and every 8 hours for 
up to 48 hours. Cefuroxime 50 mg/kg 
i.v. within 60 minutes before surgical 
incision and every 8 hours for up to 48 
hours is an acceptable alternative. Van-
comycin 10–20 mg/kg i.v. over 60–120 
minutes, with or without gentamicin 
2 mg/kg i.v., should be reserved as an 
alternative on the basis of guidelines 
from HICPAC for routine antimicro-
bial prophylaxis in institutions that 
have a high prevalence of MRSA, 
for patients who are colonized with 
MRSA, or for patients with a true 
b-lactam allergy.8 Additional doses 
may be needed intraoperatively for 
procedures >4 hours in duration, for 
patients with major blood loss, or for 
extended use of CPB depending on 
the half-life of the prophylactic anti-
microbial. Fluoroquinolones are not 
routinely recommended in pediatric 
patients.


Recommendations. Based on data 
for other types of cardiothoracic 
procedures, antimicrobial prophy-


laxis is indicated for all patients un-
dergoing heart transplantation (see 
cardiac and thoracic sections). The 
recommended regimen is a single 
dose of cefazolin (Table 2). There is 
no evidence to support continuing 
prophylaxis until chest and medi-
astinal drainage tubes are removed. 
Alternatives include vancomycin 
or clindamycin with or without 
gentamicin, aztreonam, or a single 
fluoroquinolone dose. (Strength of 
evidence for prophylaxis = A.) The 
optimal duration of antimicrobial 
prophylaxis for patients who do not 
have their chest primarily closed 
is unclear. No recommendation is 
made for these patients. Patients who 
have left VADs as a bridge and who 
are chronically infected might also 
benefit from coverage of the infecting 
microorganism.


Lung and heart–lung transplanta-
tion. Background. Lung transplan-
tation is an accepted option for a 
variety of end-stage, irreversible lung 
diseases. The most common diseases 
for which lung transplantation is 
performed are idiopathic pulmonary 
fibrosis, chronic obstructive pul-
monary disease, emphysema, cystic 
fibrosis, a-1-antitrypsin deficiency, 
and idiopathic pulmonary arterial 
hypertension.915,916 UNOS reported 
that in the United States in 2007, 
1468 lung transplantations and 31 
heart–lung transplantations were 
conducted in adults, and 52 lung 
transplantations and 3 heart–lung 
transplantations were performed 
in children.898,917 Ten-year survival 
rates were reported as 29.7% of 
double-lung, 17.5% of single-lung, 
and 25.8% of heart–lung transplant 
recipients.899 The reported three-year 
survival rate for pediatric lung trans-
plant recipients was 57%.897 


Infections are the most common 
complications after lung and heart–
lung transplantations.899,915,918,919 In an 
analysis of UNOS data over an 18-
year period, infection was the num-
ber one cause of death within the first 
year of transplantation, occurring in 


24.8% of lung and 18.3% of heart–
lung transplant recipients.899 Among 
the top 10 primary causes of death 
within the first year after lung and 
heart–lung transplantations were 
sepsis, pneumonia, fungal infection 
(lung only), and CMV infection.899 A 
study of two cohorts of patients un-
dergoing heart, lung, and heart–lung 
transplantations who received anti-
microbial prophylaxis evaluated the 
rate of SSIs and mediastinitis.904,908 
The rate of SSI among all transplant 
recipients was 12.98%, with the 
majority of infections (72%) being 
organ/space infections, followed by 
deep incisional infections (17%) 
and superficial incisional infections 
(10%).908 The overall rate of medias-
tinitis in a similar cohort was 2.7%, 
with rates of 5.2% in heart–lung 
transplant recipients and 3.2% in 
bilateral lung transplant recipients.904 
Pneumonia was reported in 26.4% of 
transplantation patients overall, with 
rates of 20.7% in lung transplant 
recipients and 40% in heart–lung 
transplant recipients.908 A cohort of 
lung transplant recipients reported 
a rate of 2.2 episodes of pneumonia 
per patient during a median follow-
up period of 412 days (range, 1–1328 
days).920 


Bronchial anastomotic infections, 
especially fungal infections, can be 
serious and are potentially fatal in 
lung transplant recipients.921,922 The 
lung allocation score (LAS) is a rat-
ing system adopted by the Organ 
Procurement and Transplant Net-
work and UNOS in 2005 to improve 
organ allocation and transplantation 
outcomes. The LAS is based on the 
risk of death while on the waiting list 
for transplantation and the expected 
1-year survival after transplantation. 
Patients with a low LAS are unlikely 
to undergo transplantation. A study 
of lung transplant recipients age 12 
years or older revealed a higher rate 
of infection and other morbidities 
and a lower 1-year survival rate in 
patients with a high LAS at the time 
of transplantation than in patients 







ASHP RePoRt Antimicrobial prophylaxis


249Am J Health-Syst Pharm—Vol 70  Feb 1, 2013


with a low LAS at the time of trans-
plantation.923 Thus, the potential for 
bronchial anastomotic infection and 
a poor posttransplantation outcome 
needs to be considered in patients 
undergoing lung transplantation. 
Among lung transplantation pa-
tients, risk factors for nosocomial 
infections included a-1-antitrypsin 
deficiency and repeat transplanta-
tion. Risk factors for pneumonia 
included colonized or infected do-
nor bronchus and perfusate and  
preoperative colonization with gram- 
negative rods. Risk factors for mor-
tality among the transplant recipi-
ents were cystic fibrosis, nosocomial 
infection, and ventilation before 
transplantation.908 Risk factors for 
mediastinitis after heart, lung, and 
heart–lung transplantation were 
degree of immunosuppression, im-
paired renal function, previous 
sternotomy, and reexploration due 
to bleeding.904 There was a positive 
association between pretransplan-
tation colonizing microorganisms 
from suppurative lung disease pa-
tients and pneumonia after trans-
plantation.920 Transplantation alters 
the physiological function of lungs, 
including the impairment of muco-
ciliary clearance and interruption of 
the cough reflex, leading to a higher 
risk of pulmonary infections.896


In patients requiring ECMO as a 
bridge to lung transplantation who 
have no history of colonization or 
previous infection, the general rec-
ommendations for SSI antimicro-
bial prophylaxis for the procedure 
should be followed. In ECMO pa-
tients with a history of colonization 
or previous infection, changing the 
preoperative antimicrobial prophy-
laxis to cover these pathogens must 
be considered, weighing whether the 
pathogen is relevant to SSIs in the 
planned procedure. 


Organisms. While gram-positive 
and gram-negative organisms are 
of concern in heart transplantation, 
there is increased concern regarding 
gram-negative and fungal pathogens 


in mediastinitis and pneumonia in 
patients undergoing lung transplan-
tation.894,904,908 The most frequent 
organisms found in SSIs or medi-
astinitis in two cohort studies were  
P. aeruginosa,904,908 Candida species,  
S. aureus (including MRSA),908 
enterococci, coagulase-negative 
staphylococci (e.g., S. epidermidis), 
Burkhol deria cepacia,904 E. coli, and 
Klebsiella species.


Patients undergoing lung trans-
plantation are also at risk for bacte-
rial or fungal pneumonia due to 
colonization or infection of the lower 
and upper airways of the donor, 
recipient, or both.915 Organisms re-
ported to cause pneumonia in lung 
transplantation patients include  
P. aeruginosa,894,896,904,908,920 S. aureus 
(including MRSA),894,896,904,908 B. cepa-
cia,896,904,908 Enterobacter species,908  
S. maltophilia, Klebsiella species,904,908 
S. epidermidis,904 E. coli, Aspergillus 
species,920 and VRE.894 Similarly, or-
ganisms frequently seen in pediatric 
lung infections are nonfermenting 
gram-negative bacteria, such as Pseu-
domonas species, Stenotrophomonas 
species, Alcaligenes species, and 
fungi, including Aspergillus species.897 


The donor lung appears to be 
a major route of transmission of 
pathogens; 75–90% of bronchial 
washings from donor organs are 
positive for at least one bacterial 
organism.920,924,925 Organ recipients 
may also be the source of infection 
of the transplanted organ. This is 
particularly true in patients with 
cystic fibrosis because of the frequent 
presence of P. aeruginosa in the upper 
airways and sinuses before trans-
plantation.896,919 These pathogens are 
often multidrug resistant, likely due, 
in large part, to frequent administra-
tion of broad-spectrum antimicro-
bials during the course of the dis-
ease. Multidrug-resistant strains of  
B. cepacia and S. maltophilia may be 
a problem in cystic fibrosis patients 
in some transplantation centers.919,926 


Efficacy. Although much has been 
published about general infectious 


complications associated with lung 
transplantation, no randomized con-
trolled trials regarding antimicrobial 
prophylaxis for lung or heart–lung 
transplantation have been published; 
however, antimicrobial prophylaxis 
is considered standard practice in 
these patients.896 Antimicrobial pro-
phylaxis is routinely administered to 
patients undergoing lung or heart–
lung transplantation, with the aim 
of preventing pneumonia as well as 
SSIs. The rate of pneumonia within 
the first two weeks postoperatively 
has reportedly been decreased from 
35% to approximately 10% by rou-
tine antimicrobial prophylaxis.927-929 


Improvements in surgical technique 
and postoperative patient care are 
also important factors in the appar-
ently lower rates of pneumonia after 
lung transplantation. 


Choice of agent. No formal stud-
ies have addressed optimal pro-
phylaxis for patients undergoing 
lung transplantation. Antimicrobial 
prophylaxis for lung and heart–lung 
transplantation should generally be 
similar to that used for other cardio-
thoracic procedures (see the cardiac 
and thoracic sections). First- and  
second-generation cephalosporins 
are considered equally efficacious and 
are the preferred agents for these pro-
cedures. However, prophylactic regi-
mens should be modified to include 
coverage for any potential bacterial 
pathogens, including gram-negative 
and fungal organisms, that have been 
isolated from the recipient’s airways 
or the donor lung through preopera-
tive cultures.894,896,904,908,915,920 Patients 
with end-stage cystic fibrosis should 
receive antimicrobials on the basis 
of the known susceptibilities of 
pretransplant isolates, particularly  
P. aeruginosa, B. cepacia complex, 
and Aspergillus species. 


Antimicrobial prophylaxis regi-
mens reported in cohort evalua-
tions of thoracic transplantation, 
including lungs, have varied.904,908,920 
One study used ceftazidime, floxa-
cillin, tobramycin, and itraconazole 
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in these patients.908 In addition, all 
patients received nebulized am-
photericin B and oral itraconazole 
as antifungal prophylaxis. Another 
cohort study used cefepime for lung 
transplant recipients without known 
colonization; for those with known 
colonization, the selection of agents 
was based on organism susceptibil-
ity.920 A third cohort reported use 
of metronidazole and aztreonam as 
prophylaxis for patients with a septic 
lung (positive sputum culture).904


Antifungal prophylaxis should 
be considered, especially when pre-
transplantation cultures reveal fungi 
in the donor lung915 or the recipient’s 
airway. There is no consensus on 
the appropriate antifungal agent for 
lung transplant recipients.894,896,930 
Selection is recommended based on 
patient risk factors for infection (e.g., 
cystic fibrosis) and colonization, pre-
transplantation and posttransplanta-
tion cultures, and local fungus epi-
demiology.894,896,897,930 Because of the 
serious nature of fungal infections 
in the early posttransplantation pe-
riod and the availability of antifungal 
agents, prophylaxis should be con-
sidered when Candida or Aspergillus 
species are isolated from the donor 
lung915 or recipient’s airway. 


Duration. No well-conducted 
studies have addressed the optimal 
duration of antimicrobial prophy-
laxis for lung or heart–lung trans-
plantation. In the absence of posi-
tive cultures from the donor or the 
recipient, prophylactic regimens of 
48–72 hours and no longer than 7 
days have been reported.896,904,905,931 In 
patients with positive pretransplan-
tation cultures from donor or recipi-
ent organs or patients with positive 
cultures after transplantation, post-
operative antimicrobial treatment 
for 7–14 days or longer has been 
reported, particularly for patients 
with cystic fibrosis and previous P. 
aeruginosa and multidrug-resistant 
infections.896,915,919 Such antimicrobial 
administration is viewed as treat-
ment and not as surgical prophylaxis. 


Treatment may include additional 
antibacterial agents or antifungal 
agents.


Recommendations. Based on data 
from other types of cardiothoracic 
procedures, all adult patients under-
going lung transplantation should 
receive antimicrobial prophylaxis, 
because of the high risk of infection. 
Patients with negative pretransplan-
tation cultures should receive anti-
microbial prophylaxis as appropriate 
for other types of cardiothoracic 
procedures. 


The recommended regimen is a 
single dose of cefazolin (Table 2). 
There is no evidence to support 
continuing prophylaxis until chest 
and mediastinal drainage tubes are 
removed. Alternatives include van-
comycin with or without gentamicin, 
aztreonam, and a single fluoroquino-
lone dose. (Strength of evidence for 
prophylaxis = A.) The optimal dura-
tion of antimicrobial prophylaxis 
for patients who do not have their 
chest primarily closed is unclear. No 
recommendation is made for these 
patients. 


The prophylactic regimen should 
be modified to provide coverage 
against any potential pathogens, 
including gram-negative (e.g.,  
P. aeruginosa) and fungal organ-
isms, isolated from the donor lung 
or the recipient pretransplantation. 
The prophylactic regimen may also 
include antifungal agents for Candida 
and Aspergillus species based on pa-
tient risk factors for infection (e.g., 
cystic fibrosis) and colonization, 
pretransplantation and posttrans-
plantation cultures, and local fungus 
epidemiology. Patients undergoing 
lung transplantation for cystic fi-
brosis should receive treatment for 
at least seven days with antimicrobi-
als selected according to pretrans-
plantation culture and susceptibil-
ity results. (Strength of evidence for 
prophylaxis = B.) 


Liver transplantation
Background. Liver transplanta-


tion is a lifesaving procedure for 
many patients with end-stage hepatic 
disease for whom there are no other 
medical or surgical options.932,933 In 
2007, UNOS reported that 6494 liver 
transplantations were performed in 
the United States, 96% of which had a 
cadaveric donor and 4% had a living-
related donor source.934 These liver 
transplantations were performed in 
5889 adults and 605 pediatric (<18 
years old) patients. Reported 1-year 
patient survival rates for adults 
ranged from 76.9% to 95%932,935-938 
and from 80% to 91.7% for pediatric 
patients.934,939-942 Survival at 3 and 5 
years ranged from 68.5% to 80.9%934 
and from 61.6% to 76.5%932,933 in 
adult patients, respectively. In pedi-
atric patients, 3- and 5-year survival 
ranged from 73.2% to 86%897,934,941 
and from 69.2% to 80.1%,934 re-
spectively. One-year graft survival 
rates ranged from 74.2% to 94% in 
adults934-936,938 and from 72.1% to 
86.1% in pediatric patients.934,941,942 
Graft survival at 3 and 5 years ranged 
from 58.9% to 75.5% and from 
51.6% to 70.5%, respectively, in 
adults and from 62.5% to 77.6% and 
from 68.4% to 71.4%, respectively, in 
pediatric patients.934,941 No significant 
differences were noted in graft or pa-
tient survival between cadaveric and 
living-related donors in adult and pe-
diatric liver transplant recipients.934 
Infection remains a major cause of 
morbidity and mortality in liver 
transplant recipients. Infections may 
occur in 31–83% of patients within 
three months of transplantation 
and are the cause of death in 4–53% 
of patients.934,936,940,943-950 These rates 
are highly variable and do not seem 
to have changed despite advances 
in surgical technique and medical 
management. SSIs within 30 days 
after transplantation ranged from 
4% to 48% with antimicrobial pro-
phylaxis in several cohort and con-
trolled studies.935-938,941,942,948,949,951-964 


Superficial SSIs are seen most often 
within the first two to three weeks 
postoperatively, whereas organ/space 
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infections and deep infections are 
seen after three to four weeks.


Liver transplantation is often 
considered to be the most techni-
cally difficult of the solid-organ 
transplantation procedures. Surgi-
cal procedures lasting longer than 
8–12 hours have been consistently 
identified as one of the most impor-
tant risk factors for early infectious 
complications, including SSIs, in-
traabdominal infections, and biliary 
tract infections.896,938,939,945,947,957 Other 
important risk factors for infectious 
complications related to liver trans-
plantation surgery include previous 
hepatobiliary surgery,896,939,945,947,952,963 
previous liver or kidney transplanta-
tion,937,951,952,965 and surgical compli-
cations such as anastomotic leak-
age.896,938,939,945,947,951,952 Patient-related 
risk factors for infection after liver 
transplantation include antimicro-
bial use within three to four months 
before transplantation,935,954 low 
pretransplantation serum albumin 
concentration,938,958,963 high pretrans-
plantation serum bilirubin concen-
tration,939,945,947 ascites,938 obesity,963 


diabetes, and hemochromatosis.966 
Procedure-related risk factors for 
infection include transfusion of >4 
units of red blood cells,896,951 bacte-
rial contamination due to entry into 
the gastrointestinal tract,963 surgi-
cal incision method,963 and use of  
mu romonab-CD3 within the first 
week after transplantation.938 


Organisms. The pathogens most 
commonly associated with ear-
ly SSIs and intraabdominal in-
fections are those derived from 
the normal flora of the intesti-
nal lumen and the skin. Aerobic 
gram-negative bacilli, including  
E. coli,935,937,939,940,942,945,947-949,951,967,968  
Klebsiella species,933,936,937,939,940,945, 


947-949,967-969 Enterobacter species,936,939, 


940,942,945,947,952,959,964,967,968 Acinetobacter 
baumannii,935-937,942,951 and Citrobac-
ter species,939,940,945,947,952,959,967,968 are 
common causes of SSIs and intraab-
dominal infections and account for 
up to 65% of all bacterial patho-


gens. Infections due to P. aerugi-
nosa may also occur but are much 
less common in the early postopera-
tive period.936,937,939,940,942,945,947,948,952,959,969  


Enterococci are particularly common 
pathogens and may be responsible 
for 20–46% of SSIs and intraabdom-
inal infections.894,933,935,937,938,940,943, 


945-947,951,952,955,964,965,969 S. aureus (fre-
quently MRSA) and coagulase- 
negative staphylococci are also 
common causes of  postopera-
tive SSIs.936-938,940,942,943,945-949,955,957-


961,964,965,970,971 Candida species com-
monly cause both early and late 
postoperative infections.933,936,937,940,942, 


943,945-947,949,951,969


Several  studies have noted  
increasing concern about antimi-
crobial resistance based on detection 
of  resistant organisms, includ-
ing E. coli,935,937 Enterococcus spe-
cies,933,937,964,965 Enterobacter species,964 
Klebsiella species,933,937 coagulase-
negative staphylococci,937,964 and  
S. aureus.937,948,957-961,970 General infor-
mation on antimicrobial resistance is 
provided in the Common Principles 
section of these guidelines. Of spe-
cific concern to the transplantation 
community is the emergence of 
multidrug-resistant A. bauman-
nii,972 carbapenem-resistant Entero-
bacteriaceae,973,974 K. pneumoniae  
carbapenemase-producing organ-
isms,975 and C. difficile.976-978


Efficacy. Although there remains a 
high rate of infection directly related 
to the liver transplantation proce-
dure, there are few well-controlled 
studies concerning optimal antimi-
crobial prophylaxis. In evaluating the 
efficacy of prophylactic regimens, it 
is important to differentiate between 
early infections (occurring within 
14–30 days after surgery) and late 
infections (occurring more than 30 
days after surgery). Infections occur-
ring in the early postoperative period 
are most commonly associated with 
biliary, vascular, and abdominal sur-
geries involved in the transplantation 
procedure itself and are thus most 
preventable with prophylactic an-


timicrobial regimens.939,940,943,945 The 
frequency of these infections varies 
from 10% to 55% despite antimi-
crobial prophylaxis.939,940,943,945,979 It is 
difficult to assess the efficacy of pro-
phylactic regimens in reducing the 
rate of infection, because prophylaxis 
has been routinely used in light of the 
complexity of the surgical procedure; 
therefore, reliable rates of infection 
in the absence of prophylaxis are 
not available. No controlled studies 
have compared prophylaxis with no 
prophylaxis. 


Choice of agent. Antimicrobi-
al prophylaxis should be directed 
against the pathogens most com-
monly isolated from early infections 
(i.e., gram-negative aerobic ba-
cilli, staphylococci, and enterococci). 
Traditional prophylactic regimens 
have therefore consisted of a third-
generation cephalosporin (usually 
cefotaxime, because of its antistaph-
ylococcal activity) plus ampicil-
lin.936,937,943,944,946-948,951,952,954,962,965,967,979 


The use of cefoxitin and ampicillin–
sulbactam, cefotaxime and ampicil-
lin–sulbactam and gentamicin,957-959 
cefuroxime and metronidazole,971 
ceftriaxone and metronidazole,980 
cefotaxime and metronidazole,953 
ceftriaxone and ampicillin,949 cefti-
zoxime alone,955 cefotaxime and 
tobramycin,956 cefoxitin alone,960,961  
cefazolin alone,951 amoxicillin– 
clavulanate and gentamicin,970  
amoxicillin–clavulanate alone,951 
glycopeptides and antipseudo-
monal penicillin,951 quinolone and  
amoxicillin–clavulanate or gly-
copeptide,951 vancomycin and  
aztreonam,951,981 and piperacillin–
tazobactam964,970 has also been re-
ported. Alternative prophylaxis regi-
mens for b-lactam-allergic patients 
have included cefuroxime and met-
ronidazole,970 clindamycin and gen-
tamicin or aztreonam,948,960-962 cipro-
floxacin and metronidazole,970 and 
vancomycin or ciprofloxacin.936 Imi-
penem alone was used in one study 
for patients with renal failure.956 The 
efficacy of these regimens compared 
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with cefotaxime plus ampicillin is 
difficult to assess due to different 
definitions of infection used in the 
available studies and variability of 
study design (many single-center 
cohort studies) in different countries. 
One prospective nonrandomized 
study found no difference in the 
frequency of SSIs in orthotopic liver 
transplant recipients with cefazolin 
alone and amoxicillin–clavulanate 
alone, both given one hour before 
surgical incision, with a second dose 
given in cases of significant bleeding 
or surgery lasting over six hours, as 
antimicrobial prophylaxis.935 The 
study did find a significantly higher 
rate of A. baumannii in the cefazo-
lin group than the amoxicillin– 
clavulanate group. The routine use of 
vancomycin as antimicrobial prophy-
laxis is not recommended because of 
the risk of developing vancomycin- 
resistant organisms,8,950 but vancomy-
cin may be reserved for centers with 
an MRSA or MRSE cluster.8,950,957-959 
No randomized controlled studies 
have been conducted to compare 
the efficacy of other antimicrobial 
prophylactic regimens in the preven-
tion of early postoperative infections. 
For patients known to be colonized 
with MRSA, VRE, or resistant gram-
negative pathogens, it is reasonable 
to consider prophylaxis specifically 
targeted at these organisms. See the 
Common Principles section for fur-
ther discussion.


Postoperative infections with 
Candida species after liver trans-
plantation are common, particularly 
in the abdomen, and are frequently 
considered organ/space SSIs. For this 
reason, the use of antifungal prophy-
laxis in the perioperative period has 
become common. Efficacy has been 
demonstrated for fluconazole,964-984 
lipid complex amphotericin B,985-987 


and caspofungin.988 Finally, one 
meta-analysis found a decreased risk 
of fungal infection and death associ-
ated with fungal infection, though 
not overall mortality, among pa-
tients given antifungal prophylaxis.989 


Universal antifungal prophylaxis is 
probably not necessary, since the 
risk of invasive candidiasis is low 
in uncomplicated cases. Instead, 
prophylaxis is generally reserved for 
patients with two or more of the fol-
lowing risk factors: need for reopera-
tion, retransplantation, renal failure, 
choledochojejunostomy, and known 
colonization with Candida species.15 


Risk is also increased with prolonged 
initial procedure or transfusion of 
>40 units of cellular blood products, 
but this cannot be predicted before 
the procedure.


Selective bowel decontamina-
tion to eliminate aerobic gram-
negative bacilli and yeast from 
the bowel before the transplanta-
tion procedure has been evaluated 
in several studies and a meta- 
analysis.936,943,949,955,956,967,968,980,990,991 


These studies used combinations of 
nonabsorbable antibacterials (ami-
noglycosides, polymyxin B or E), 
antifungals (nystatin, amphotericin 
B), and other antimicrobials (cefu-
roxime in suspension) administered 
orally and applied to the oropha-
ryngeal cavity in combination with 
systemically administered antimicro-
bials. Results are conflicting, with no 
differences in patient outcomes (e.g., 
infection rates, mortality) or cost and 
concerns of increasing gram-positive 
infections with potential resistance 
in several studies939,955,956,980,991 and 
others with positive results.936,949 Two 
randomized controlled studies found 
significantly fewer bacterial infec-
tions with early enteral nutrition 
plus lactobacillus and fibers.971,980 
Based on currently available data, the 
routine use of selective bowel decon-
tamination or lactic acid bacteria and 
fibers in patients undergoing liver 
transplantation is not recommended. 


Duration. No studies have as-
sessed the optimal duration of 
antimicrobial prophylaxis in liver 
transplantation. Although antimi-
crobials have been administered in 
studies for five days937,944,946,949,957-959 
and seven days,964 the majority of 


recent studies have limited the dura-
tion of prophylaxis to 72 hours,981 48  
hours,936,943,945,952,955,956,960,961,967,970,979,980,991 


36  hours,981 24 hours,935,948,962,970 and 
a single dose,963 with no apparent 
differences in early infection rates. A 
prospective, nonrandomized, con-
trolled study found no difference in 
bacterial infections within the first 
three months after liver transplanta-
tion in patients receiving cefotaxime 
and ampicillin as short-term an-
timicrobial prophylaxis for two to 
three days, compared with long-term 
prophylaxis for five to seven days.954 
Of note, 5 of the 11 patients in the 
long-term prophylaxis group had 
detectable C. difficile toxin B in the 
feces and developed enteritis. No 
patients in the short-term group had 
detectable C. difficile. Two recent re-
view articles noted that antimicrobial 
prophylaxis duration should be less 
than three days.896,950


Pediatric efficacy. There are few 
data specifically concerning antimi-
crobial prophylaxis in liver trans-
plantation in pediatric patients. The 
combination of cefotaxime plus 
ampicillin has been reportedly used 
in children undergoing living-related 
donor liver transplantation; the ef-
ficacy of this regimen appeared to 
be favorable.946 A small, retrospec-
tive, single-center cohort study 
reported outcomes of children un-
dergoing liver, heart, small bowel, or  
lung transplantation receiving  
piperacillin–tazobactam 120–150 
mg/kg/day beginning before surgical 
incision and continuing for 48 hours 
postoperatively and found favorable 
results, with a superficial SSI rate of 
8% and no deep SSIs.992 


Recommendations. The recom-
mended agents for patients under-
going liver transplantation are (1) 
piperacillin–tazobactam and (2) 
cefotaxime plus ampicillin (Table 
2). (Strength of evidence for pro-
phylaxis = B.) For patients who are 
allergic to b-lactam antimicrobials, 
clindamycin or vancomycin given 
in combination with gentamicin, 







ASHP RePoRt Antimicrobial prophylaxis


253Am J Health-Syst Pharm—Vol 70  Feb 1, 2013


aztreonam, or a fluoroquinolone is a 
reasonable alternative. The duration 
of prophylaxis should be restricted to 
24 hours or less. For patients at high 
risk of Candida infection, flucon-
azole adjusted for renal function may 
be considered. (Strength of evidence 
for prophylaxis = B.)


Pancreas and pancreas–kidney 
transplantation


Background. Pancreas transplan-
tation is an accepted therapeutic 
intervention for type 1 diabetes 
mellitus; it is the only therapy that 
consistently achieves euglycemia 
without dependence on exogenous 
insulin.993-997 Simultaneous pancreas–
kidney (SPK) transplantation is an 
accepted procedure for patients with 
type 1 diabetes and severe diabetic 
nephropathy. In 2007, UNOS re-
ported that 469 pancreas transplan-
tations and 862 SPK transplantations 
were performed in the United States, 
of which 60 and 4 patients, respec-
tively, were under age 18 years.998 
Pancreas graft 1-year survival rates 
ranged from 70.2% to 89%, and the 
3-year rates ranged from 48% to 
85.8%.998-1002 Patient survival with 
pancreas transplantation has been 
reported between 75% and 97% at 1 
year and between 54% and 92.5% at 
3 years.998 Allograft survival is higher 
in recipients of SPK transplanta-
tions, with allograft survival rates of 
86.1–95.1% at 1 year and 54.2–92.5% 
at 3 years. Reported patient survival 
rates in SPK are 91.7–97.6% at 1 year 
and 84.4–94.1% at 3 years. During 
pancreas transplantation, surgical 
complications with portal-hepatic 
drainage significantly decreased the 
1-year and 3-year survival rates to 
48% and 44%, respectively, in one 
cohort study.999


Infectious complications are a 
major source of morbidity and 
mortality in patients undergoing 
pancreas or SPK transplantation; the 
frequency of SSI is 7–50% with an-
timicrobial prophylaxis.993-997,1000-1009 


The majority of SSIs occurred within 


the first 30 days to three months af-
ter transplantation.1000-1002,1005,1008,1009 
UTIs are also a significant concern 
during the same time frame, with 
rates ranging from 10.6% to 49% in 
pancreas transplant recipients who 
received antimicrobial prophylaxis, 
and are much more common in re-
cipients with bladder drainage com-
pared with enteric drainage.1000-1008 


Pancreas and SPK transplantation 
patients may be at increased risk of 
SSIs and other infections because of 
the combined immunosuppressive 
effects of diabetes mellitus and the 
immunosuppressive drugs used to 
prevent graft rejection.995,1000 Other 
factors associated with increased 
SSI rates include prolonged operat-
ing and ischemic times (>4 hours), 
organ donor age of >55 years, and 
enteric rather than bladder drainage 
of pancreatic duct secretions.895,995,1000 


Prolonged organ preservation time 
(>20 hours) was shown to increase 
the risk of complications, includ-
ing duodenal leaks and decreased 
graft survival in cadaveric pancreas 
transplant recipients.1003 Risk factors 
for UTI are reviewed in the kidney 
transplant section. 


Organisms. A majority of su-
perficial SSIs after pancreas or SPK 
transplantation are caused by Staph-
ylococcus species (both coagulase-
positive and coagulase-negative) 
and gram-negative bacilli (par-
ticularly E. coli and Klebsiella spe-
cies).993-997,1000-1002,1004-1006,1009-1011 Deep 
SSIs also are frequently associ-
ated with gram-positive (Enterococ-
cus species, Streptococcus species, 
and Peptostreptococcus species) and 
gram-negative organisms (Entero-
bacter species, Morganella species, 
and B. fragilis), as well as Candida 
species.993-997,1000-1002,1004-1006,1009-1011 Al-
though anaerobes are occasion-
ally isolated, the necessity for specific 
treatment of anaerobes in SSIs after 
pancreas transplantation remains 
unclear.


Efficacy. Although no placebo-
controlled studies have been con-


ducted, several open-label, noncom-
parative, single-center studies have 
suggested that antimicrobial pro-
phylaxis substantially decreases the 
rate of superficial and deep SSIs after 
pancreas or SPK transplantation. SSI 
rates were 7–33% with various pro-
phylactic regimens,995,1000-1002,1004,1005 
compared with 7–50% for historical 
controls in the absence of prophy-
laxis.1009,1010 The reason for the wide 
disparity in infection rates observed 
with prophylaxis is not readily ap-
parent but may include variations 
in SSI definitions, variations in anti-
microbial prophylaxis, immunosup-
pression protocols, and variations in 
surgical techniques.999-1002,1005,1007,1008 


Choice of agent. Because of the 
broad range of potential pathogens, 
several studies have used multidrug 
prophylactic regimens, including 
imipenem–cilastatin plus vanco-
mycin995; tobramycin, vancomycin, 
and fluconazole1010; cefotaxime, 
metronidazole, and vancomycin1012; 
cefotax ime, vancomycin, and fluco-
nazole1008; ampicillin and cefotaxi-
me1007; and piperacillin–tazobactam 
and fluconazole.1006 


HICPAC recommendations for 
SSI prevention include limiting the 
use of vancomycin unless there is 
an MRSA or MRSE cluster or as 
an alternative for b-lactam-allergic 
patients, though transplantation 
procedures were not specifically cov-
ered in the guidelines.8 Limited data 
are available on the use of vanco-
mycin as antimicrobial prophylaxis 
in kidney or pancreas transplanta-
tion, or both. A small, randomized, 
active-controlled, single-center study 
evaluated the impact of vancomycin-
containing antimicrobial prophylaxis 
regimens in kidney and pancreas 
(alone or SPK) transplant recipients 
on the frequency of gram-positive 
infections.1004 Renal transplantation 
patients received either vancomycin 
and ceftriaxone or cefazolin, and 
pancreas transplantation patients 
received either vancomycin and gen-
tamicin or cefazolin and gentamicin. 
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There was no statistically significant 
difference in the risk of developing 
gram-positive infections between 
antimicrobial prophylaxis regimens 
with and without vancomycin. The 
study was not powered to detect a 
difference in efficacy between the 
antimicrobial regimens. For patients 
known to be colonized with MRSA, 
VRE, or resistant gram-negative 
pathogens, it is reasonable to con-
sider prophylaxis targeted specifically 
for these organisms. See the Com-
mon Principles section for further 
discussion.


An evaluation of the surgical com-
plications of pancreas transplant re-
cipients with portal-enteric drainage 
found an intraabdominal infection 
rate of 12% in the 65 patients under-
going SPK transplantation and no 
cases in those undergoing pancreas 
transplantation alone.999 All patients 
received either cefazolin 1 g i.v. every 
eight hours for one to three days, 
or vancomycin if the patient had a  
b-lactam allergy. 


One study evaluated SSI rates in 
SPK transplantation after single-
agent, single-dose prophylaxis with 
cefazolin 1 g i.v. to donors and re-
cipients, as well as cefazolin 1-g/L 
bladder and intraabdominal irriga-
tion in the recipient.1009 Superficial 
SSIs developed in 2 patients (5%), 
and deep SSIs associated with blad-
der anastomotic leaks or transplant 
pancreatitis occurred in 4 additional 
patients (11%). This study reported 
similar SSI rates as with multidrug, 
multidose regimens. 


Based on the regularity of isola-
tion of Candida species from SSIs 
after pancreas transplantation and 
the frequent colonization of the 
duodenum with yeast, fluconazole 
is commonly added to prophylactic 
regimens. Although never studied 
in a randomized trial, a lower fungal 
infection rate was found in one large 
case series with the use of fluconazole 
(6%) compared with no prophylaxis 
(10%).1013 Although enteric drainage 
of the pancreas has been identified 


as a risk factor for postoperative 
fungal infections, many institutions 
use fluconazole for prophylaxis with 
bladder-drained organs as well. In 
settings with a high prevalence of 
non-albicans Candida species, a 
lipid-based formulation of ampho-
tericin B has been recommended in 
infectious diseases guidelines from 
the American Society of Transplan-
tation and the American Society of 
Transplant Surgeons.15


Duration. Studies evaluating the 
use of antimicrobial prophylaxis regi-
mens in pancreas and SPK transplan-
tation, summarized above, ranged 
from a single preoperative dose of  
cefazolin to multidrug regimens of 
2–5 days’ duration.995,1005,1009,1010,1012 


More recent studies reported mono-
therapy regimens with cefazolin 
or vancomycin,999 amoxicillin– 
clavulanate,1001,1002 and piperacillin–
tazobactam1000-1002 1–7 days in dura-
tion, with the majority using the 
regimen 48–72 hours after transplan-
tation. The duration of fluconazole 
ranged from 7 to 28 days.1002


Recommendations. The recom-
mended regimen for patients under-
going pancreas or SPK transplanta-
tion is cefazolin (Table 2). (Strength 
of evidence for prophylaxis = A.) For 
patients who are allergic to b-lactam 
antimicrobials, clindamycin or van-
comycin given in combination with 
gentamicin, aztreonam, or a fluoro-
quinolone is a reasonable alternative. 
The duration of prophylaxis should 
be restricted to 24 hours or less. The 
use of aminoglycosides in combina-
tion with other nephrotoxic drugs 
may result in renal dysfunction and 
should be avoided unless alterna-
tives are contraindicated. (Strength 
of evidence for prophylaxis = C.) 
For patients at high risk of Candida 
infection, fluconazole adjusted for 
renal function may be considered.


Kidney transplantation
Background. In 2007, UNOS 


reported that 16,628 kidney trans-
plantations were performed in the 


United States; of these, 796 patients 
were younger than 18 years.998 The 
rate of postoperative infection after 
this procedure has been reported to 
range from 10% to 56%, with the 
two most common infections be-
ing UTIs and SSIs.1004,1014-1024 Graft 
loss due to infection occurs in up 
to 33% of cases.1017,1023 One study of 
adult and pediatric kidney trans-
plant recipients (both living-related 
and cadaveric donor sources) found 
patient survival rates at 7 years after 
transplantation of 88.9% and 75.5%, 
respectively, and graft survival of 
75% and 55.5%, respectively.1025 No 
patients developed an SSI. Mortality 
associated with postoperative infec-
tions is substantial and ranges from 
approximately 5% to 30%.1015,1017,1019, 


1022,1026,1027 


The frequency of SSIs in kidney 
transplant recipients has ranged 
from 0% to 11% with antimicro-
bial prophylaxis1023-1025,1028,1029 to 2% 
to 7.5% without systemic prophy-
laxis.1030,1031 The majority of these 
infections were superficial in nature 
and were detected within 30 days 
after transplantation.1023,1028-1030 Risk 
factors for SSI after kidney trans-
plantation include contamination of 
organ perfusate1027; pretransplanta-
tion patient-specific factors, such as 
diabetes,1029,1030 chronic glomerulo-
nephritis,1030 and obesity1027,1030,1032; 
procedure-related factors, such as 
ureteral leakage and hematoma 
formation1027; immunosuppressive 
therapy1024,1027,1029; and postoperative 
complications, such as acute graft 
rejection, reoperation, and delayed 
graft function.1030 In one study, the 
frequency of SSI was 12% in pa-
tients receiving immunosuppression 
with azathioprine plus prednisone 
but only 1.7% in patients receiving 
cyclosporine plus prednisone.1033 


A significant difference in SSI rates 
was noted after kidney transplanta-
tion between immunosuppression 
regimens including mycophenolate 
mofetil (45 [3.9%] of 1150 patients) 
versus sirolimus (11 [7.4%] of 144 
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patients).1029 Sirolimus-containing 
immunosuppression was found to 
be an independent risk factor for 
SSIs. These recommendations refer 
to kidney transplant recipients; 
recommendations for living kidney 
donors can be found in the discus-
sion of nephrectomy in the urologic 
section. 


Organisms. Postoperative SSIs 
in kidney transplant recipients are 
caused by gram-positive organisms, 
particularly Staphylococcus species 
(including S. aureus and S. epider-
midis) and Enterococcus species, 
gram-negative organisms, E. coli, En-
terobacter species, Klebsiella species, 
P. aeruginosa, and yeast with Candida 
species.1004,1014-1021,1023,1024,1026,1028,1030,1034 


One study site in Brazil reported 
a high level of antimicrobial resis-
tance.1030 Organisms recovered from 
infections included MRSA (77%), 
methicillin-resistant coagulase- 
negative Staphylococcus (53.5%), 
extended-spectrum b-lactamase-
producing K. pneumoniae (80%), 
and carbapenem-resistant P. aeru-
ginosa (33.3%). Another center in 
Brazil reported a significant differ-
ence in resistance to broad-spectrum 
antimicrobials in pathogens isolated 
in UTIs from cadaveric kidney trans-
plant recipients (n = 21, 19.1%) 
compared with living-related donor 
kidney transplant recipients (n = 2, 
3.7%) (p = 0.008).1024 One center in 
the United States reported 94% sus-
ceptibility to vancomycin of Entero-
coccus species within the first month 
after transplantation, while E. coli, 
cultured most commonly more than 
six months after transplantation, was 
63% resistant to sulfamethoxazole–
trimethoprim.1023 This resistance 
may be related to the routine use of 
sulfamethoxazole–trimethoprim in 
prophylaxis of Pneumocystis carinii 
pneumonia and UTI.


Efficacy. A number of studies 
have clearly demonstrated that an-
timicrobial prophylaxis significantly 
decreases postoperative infection 
rates in patients undergoing kid-


ney transplantation. These have 
included at least one randomized 
controlled trial1014 and many pro-
spective and retrospective studies 
comparing infection rates with 
prophylaxis and historical infection 
rates at specific transplantation cen-
ters.1015-1018,1021,1033-1035 Based on the 
available literature, the routine use 
of systemic antimicrobial prophy-
laxis is justified in patients undergo-
ing kidney transplantation. 


Two studies that evaluated a 
triple-drug regimen consisting of an 
aminoglycoside, an antistaphylococ-
cal penicillin, and ampicillin found 
infection rates of <2%, compared 
with 10–25% with no antimicrobial 
prophylaxis.1018,1019 More specifically, 
infection rates in patients without 
antimicrobial prophylaxis (45 cadav-
eric and 44 living-related donors) 
were 10.1% in total (8.9% and 11.4%, 
respectively), compared with 1.5% in 
total (1.5% and 0%, respectively) 
with antimicrobial prophylaxis.1018 
Infection rates were as high as 33% 
in living-related patients with no 
antimicrobial prophylaxis and 0–1% 
in both cadaveric and living-related 
transplant recipients with antimicro-
bial prophylaxis.1021 Piperacillin plus 
cefuroxime was also shown to be ef-
ficacious; infection rates were 3.7%, 
compared with 19% in cadaveric 
transplant recipients not receiving 
prophylaxis.1018 Several studies have 
shown that single-agent prophylaxis 
with an antistaphylococcal penicil-
lin,1029,1034 a first-generation cepha-
losporin,1016,1017,1023,1024,1029 a second- 
generation cephalosporin,1028,1035,1036 


or a third-generation cephalospo-
rin (e.g., cefoperazone, cefotaxime, 
ceftriaxone)1024,1029,1033,1037 can reduce 
postoperative infection rates to 
0–8.4%. All studies included cadav-
eric transplant recipients, whereas 
living-related transplant recipients 
were also included in select stud-
ies.1017,1024,1028,1036 Where compared 
directly, infection rates between 
cadaveric and living-related trans-
plant recipients receiving antimicro-


bial prophylaxis were not statistically  
different.1024


Choice of agent. The available 
data do not indicate a significant 
difference between single-drug 
and multidrug antimicrobial regi-
mens.1014,1018,1021 In addition, there 
appears to be no significant differ-
ences between single-agent regi-
mens employing antistaphylococ-
cal peni cillins and first-, second-, 
or third-generation cephalospo-
rins.1016,1017,1033-1035,1037 Studies have 
directly compared antimicrobial 
regimens in a prospective, controlled 
fashion. Single-agent prophylaxis 
with both cefazolin and ceftriaxone 
has been reported to result in SSI 
rates of 0%.1016,1024,1037 


A survey of 101 kidney transplant 
centers in 39 countries reported 
that 65% of the centers used single 
antimicrobial prophylaxis regimens, 
20.8% used two-drug regimens, and 
3% used three drugs; no prophy-
laxis was used in 11% of centers.1036 
Cephalosporins were used in 68 cen-
ters (55 alone, 7 in combination with 
penicillin, and 6 with other antimi-
crobials). Penicillins were used by 28 
centers (13 alone, 7 with cephalospo-
rin, and 8 with other antimicrobials). 
Other antimicrobials (specifics were 
not reported) were used in 2 centers 
as the single agent. 


As noted above, HICPAC rec-
ommendations for SSI prevention 
include limiting the use of vanco-
mycin to situations in which there is 
an MRSA or MRSE cluster or as an 
alternative for b-lactam-allergic pa-
tients.8 Transplantation procedures 
were not specifically covered in the 
guidelines. 


Duration. Studies have used vari-
ous prophylactic regimens, ranging 
from a single-drug cephalosporin 
regimen, administered as a single 
preoperative dose or for up to 24 
hours postoperatively, to multi-
drug regimens of two to five days’ 
duration.981,1004,1014-1018,1021,1023,1024,1028, 


1029,1033,1036,1038 Cefazolin for 24 hours 
was equivalent to seven days of surgi-
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cal prophylaxis in living-related kid-
ney transplant donors.1039 There ap-
pear to be no significant differences 
in SSI rates between single-dose, 
24-hour, and multidose regimens; 
therefore, the duration of antimi-
crobial should be restricted to 24 
hours.


Pediatric efficacy. Although pe-
diatric patients were included in 
studies demonstrating the efficacy of 
antimicrobial prophylaxis, there are 
few data specific to pediatric patients. 


One cohort of 96 pediatric pa-
tients who underwent 104 renal 
transplants (63% cadaveric and 37% 
living-related donors) ranged in age 
from six months to 18 years (mean 
age, 8.2 ± 5.5 years).1040 Antimicro-
bial prophylaxis included one dose of 
cefotaxime 30-mg/kg i.v. bolus at the 
start of the procedure and cefotaxime 
90 mg/kg/day in three divided doses 
during the intensive care unit stay, 
which averaged one to two days. No 
SSIs were reported. 


Recommendations. The recom-
mended agent for patients under-
going kidney transplantation is 
cefazolin (Table 2). (Strength of 
evidence for prophylaxis = A.) For 
patients who are allergic to b-lactam 
antimicrobials, clindamycin or van-
comycin given in combination with 
gentamicin, aztreonam, or a fluoro-
quinolone is a reasonable alternative. 
The duration of prophylaxis should 
be restricted to 24 hours or less. The 
use of aminoglycosides in combina-
tion with other nephrotoxic drugs 
may result in renal dysfunction and 
should be avoided unless alterna-
tives are contraindicated. (Strength 
of evidence for prophylaxis = C.) 
For patients at high risk of Candida 
infection, fluconazole adjusted for 
renal function may be considered. 


Plastic surgery and breast 
procedures


Background. Plastic surgery en-
compasses a broad range of pro-
cedures focused on reconstructive, 
dermatological, and cosmetic proce-


dures.1041 The primary goal of these 
procedures is to restore function to 
the affected area, with a secondary 
goal of improving appearance. The 
scope of procedures ranges from 
simple primary surgical-site closure, 
skin grafts, and skin flaps to compos-
ite tissue transplantations. Composite 
tissue transplantation for tissue re-
construction of the knee joint, larynx, 
uterus, abdominal wall, hand, face, 
and penis has been performed in a 
small number of patients.1042,1043 


Most dermatological, breast (re-
duction and reconstructive), clean 
head and neck, and facial proce-
dures have an associated SSI rate of 
<5%.1044-1053 Oral procedures, such as 
wedge excision of lip or ear, flaps on 
the nose,1046,1054 and head and neck 
flaps, have SSI rates of approximately 
5–10%.1053,1055-1060 In addition to gen-
eral risk factors as described in the 
Common Principles section, factors 
that increase the risk of postop-
erative infectious complications for 
plastic surgery procedures include 
implants,1061 skin irradiation before 
the procedure, and procedures below 
the waist.1062,1063 


Organisms.  The most com-
mon organisms in SSIs after plas-
tic surgery procedures are S. au-
reus , 1045 ,1049 ,1050 ,1053 ,1054 ,1056 ,1063-1068 
other staphylococci, and streptococ-
ci.1045,1054,1064,1066,1067 Procedures involv-
ing macerated, moist environments 
(e.g., under a panus or axilla of an 
obese individual), below the waist, or 
in patients with diabetes are associ-
ated with a higher rate of infection 
with gram-negative organisms such 
as P. aeruginosa,1068 Serratia marces-
cens, or Enterobacteriaceae, including 
E. coli,1065,1068 Klebsiella species,1068 and 
P. mirabilis.1065


Efficacy. The efficacy of antimicro-
bial prophylaxis in select plastic sur-
gery procedures has been investigated 
in several clinical trials and cohort 
studies. 


Most placebo-controlled and 
retrospective studies for many clean 
plastic surgery procedures have 


found that antimicrobial prophylax-
is does not significantly decrease the 
risk of infection. These studies have 
evaluated head and neck procedures 
(facial bone fracture, tumor excision 
and reconstruction, radical neck 
dissection, rhinoplasty),1049 flexor 
tendon injury repairs,1051 augmen-
tation mammoplasty using peri-
areolar submuscular technique,1052 
carpal tunnel,1069 and breast pro-
cedures (reduction mammoplasty, 
lumpectomy, mastectomy, axillary 
node dissection).1056,1058,1070,1071


However, a Cochrane review 
of  seven randomized, placebo- 
controlled trials of 1984 patients 
undergoing breast cancer procedures 
(axillary lymph node dissection and 
primary nonreconstructive surgery) 
evaluated the effectiveness of preop-
erative or perioperative antimicro-
bial prophylaxis (n = 995) compared 
with placebo or no treatment (n = 
989) in reducing the rate of postop-
erative infections.1072 Pooled study re-
sults revealed a significant difference 
in SSI rates with antimicrobial pro-
phylaxis (80 [8%] of 995), compared 
with 10.5% (104 of 989) for no anti-
microbial prophylaxis (relative risk, 
0.72; 95% CI, 0.53–0.97). Review 
authors concluded that antimicrobial 
prophylaxis is warranted to decrease 
the risk of SSIs in nonreconstructive 
breast cancer procedures. 


Guidelines also support no an-
timicrobial prophylaxis in patients 
undergoing clean facial or nasal 
procedures without an implant.7 
For patients undergoing facial or 
nasal procedures with an implant, 
antimicrobial prophylaxis should be 
considered.7


A randomized, double-blind, 
controlled trial of 207 patients evalu-
ated the use of three antimicrobial 
prophylaxis regimens in patients un-
dergoing abdominoplasty proce-
dures.1066 The reported SSI rates were 
13% for patients receiving no antimi-
crobial prophylaxis, 4.3% for those 
receiving preoperative antimicrobials 
only, and 8.7% for those receiving 
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one preoperative dose and three 
days of postoperative antimicrobi-
als. There was a significantly lower 
infection rate in the group receiving 
preoperative antimicrobials only 
compared with the placebo group 
(p < 0.05). The infection rate was 
slightly but not significantly higher 
in patients who received postopera-
tive antimicrobials.


Choice of agent. There is no con-
sensus on the appropriate antimi-
crobial agent to use for prophylaxis 
in plastic surgery procedures.1055,1073 
Agents with good gram-positive 
coverage and, depending on the site 
of surgery, activity against common 
gram-negative organisms are rec-
ommended for patients undergoing 
clean plastic surgery procedures with 
risk factors (listed in the Common 
Principles section and the back-
ground discussion of this section) 
or clean-contaminated procedures. 
Cefazolin or ampicillin–sulbactam 
is sufficient in most cases, with 
clindamycin and vancomycin as al-
ternatives for patients with b-lactam 
allergy. There are no studies assessing 
the impact of MRSA on patients un-
dergoing plastic surgery procedures 
or regarding the need to alter pro-
phylaxis regimens in patients with-
out known colonization with MRSA. 
When vancomycin or clindamycin is 
used and if a gram-negative organ-
ism is highly suspected, practitioners 
should consider adding cefazolin if 
the patient is not b-lactam allergic; 
if the patient is b-lactam allergic, 
the addition of aztreonam, gentami-
cin, or single-dose fluoroquinolone 
should be considered. If the surgical 
site involves the ear, an antipseu-
domonal fluoroquinolone may be 
considered to cover Pseudomonas 
species.1045 


Although oral agents such as 
cephalexin, amoxicillin, clindamycin, 
and azithromycin have been recom-
mended in reviews of antimicrobial 
prophylaxis in clean dermatological 
surgery, there is no evidence that 
supports their use.13,1045,1046,1054  


Duration. Antimicrobial prophy-
laxis should be limited to the shortest 
duration possible to prevent SSIs 
(even if a drain or a catheter is left in 
place or an implant is inserted), limit 
adverse events, and prevent antimi-
crobial resistance.8,512,1047,1048,1054,1056


Multiple studies have found no 
significant differences in SSI rates 
after breast surgery with single-dose 
preoperative cephalosporin com-
pared with extended-duration regi-
mens that last from one to five days  
postoperatively.1048,1054,1056


A randomized, single-blind, con-
trolled trial of 74 patients undergo-
ing surgical ablation of head and 
neck malignancies with immediate 
free-flap reconstruction found no 
significant differences in SSI rate be-
tween clindamycin 900 mg i.v. every 
eight hours for 3 doses compared 
with 15 doses.1057 Both groups were 
given clindamycin 900 mg i.v. imme-
diately preoperatively, in addition to 
the postoperative regimens. 


In a controlled study, 200 patients 
undergoing septorhinoplasty were 
randomized to a single preoperative 
dose of amoxicillin–clavulanate 2.2 
g i.v. administered 30 minutes before 
surgical incision only (n = 100) or 
in combination with postoperative 
oral amoxicillin–clavulanate 1000 
mg twice daily for seven days.533 There 
was no significant difference in infec-
tion rates between the group receiving 
only a preoperative dose (0%) and 
the combination group (3%). There 
was a higher rate of adverse events 
(nausea, diarrhea, skin rash, and pru-
ritus) among the combination group 
compared with the group receiving 
only a preoperative dose (p = 0.03). 
The study authors recommended the 
use of a single preoperative i.v. dose of 
amoxicillin–clavulanate for endonasal 
septorhinoplasty. 


Pediatric efficacy. Limited data 
on antimicrobial prophylaxis are 
available for pediatric patients 
undergoing plastic surgery proce-
dures. There is no consensus among 
surgeons regarding the use of anti-


microbial prophylaxis in the repair 
of cleft lip and palate.1074 The occur-
rence of postoperative infections 
after these procedures is 1.3%.1075 
No controlled trials have evaluated 
the use of antimicrobial prophylaxis 
in these procedures. 


Recommendations. Antimicrobial 
prophylaxis is not recommended for 
most clean procedures in patients 
without additional postoperative 
infection risk factors as listed in the 
Common Principles section of these 
guidelines and the background dis-
cussion of this section. Although no 
studies have demonstrated antimi-
crobial efficacy in these procedures, 
expert opinion recommends that 
patients with risk factors undergoing 
clean plastic procedures receive an-
timicrobial prophylaxis. The recom-
mendation for clean-contaminated 
procedures, breast cancer proce-
dures, and clean procedures with 
other risk factors is a single dose of 
cefazolin or ampicillin–sulbactam 
(Table 2). (Strength of evidence for 
prophylaxis = C.) Alternative agents 
for patients with b-lactam allergy in-
clude clindamycin and vancomycin. 
If there are surveillance data showing 
that gram-negative organisms cause 
SSIs for the procedure, the prac-
titioner may consider combining 
clindamycin or vancomycin with an-
other agent (cefazolin if the patient 
is not b-lactam allergic; aztreonam, 
gentamicin, or single-dose fluoro-
quinolone if the patient is b-lactam 
allergic). Postoperative duration of 
antimicrobial prophylaxis should be 
limited to less than 24 hours, regard-
less of the presence of indwelling 
catheters or drains.
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Appendix A—National Healthcare 
Safety Network criteria for classifying 
wounds35 


Clean: An uninfected operative wound in 
which no inflammation is encountered and the 
respiratory, alimentary, genital, or uninfected 
urinary tracts are not entered. In addition, clean 
wounds are primarily closed and, if neces-
sary, drained with closed drainage. Operative 
incisional wounds that follow nonpenetrating 
(blunt) trauma should be included in this cat-
egory if they meet the criteria.


Clean-contaminated: Operative wounds in 
which the respiratory, alimentary, genital, or uri-
nary tracts are entered under controlled condi-
tions and without unusual contamination. Spe-
cifically, operations involving the biliary tract, 
appendix, vagina, and oropharynx are included 
in this category, provided no evidence of infec-
tion or major break in technique is encountered.


Contaminated: Open, fresh, accidental 
wounds. In addition, operations with major 
breaks in sterile technique (e.g., open cardiac 
massage) or gross spillage from the gastrointes-
tinal tract and incisions in which acute, nonpu-
rulent inflammation is encountered are included 
in this category.


Dirty or infected: Includes old traumatic 
wounds with retained devitalized tissue and 
those that involve existing clinical infection or 
perforated viscera. This definition suggests that 
the organisms causing postoperative infection 
were present in the operative field before the 
operation.


Appendix B—National Healthcare 
Safety Network criteria for defining a 
surgical-site infection (SSI)8,36


Superficial incisional SSI: Occurs within 30 
days postoperatively and involves skin or sub-
cutaneous tissue of the incision and at least one 
of the following: (1) purulent drainage from the 
superficial incision, (2) organisms isolated from 
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an aseptically obtained culture of fluid or tissue 
from the superficial incision, (3) at least one of 
the following signs or symptoms of infection: 
pain or tenderness, localized swelling, redness, 
or heat, and superficial incision is deliberately 
opened by surgeon and is culture-positive or not 
cultured (a culture-negative finding does not 
meet this criterion), and (4) diagnosis of super-
ficial incisional SSI by the surgeon or attending 
physician. 


Deep incisional SSI: Occurs within 30 days 
after the operative procedure if no implant is left 
in place or within one year if implant is in place 
and the infection appears to be related to the 
operative procedure, involves deep soft tissues 
(e.g., fascial and muscle layers) of the incision, 
and the patient has at least one of the following: 
(1) purulent drainage from the deep incision 
but not from the organ/space component of the 
surgical site, (2) a deep incision spontaneously 
dehisces or is deliberately opened by a surgeon 
and is culture-positive or not cultured and the 
patient has at least one of the following signs 
or symptoms: fever (>38 °C) or localized pain 
or tenderness (a culture-negative finding does 
not meet this criterion), (3) an abscess or other 
evidence of infection involving the deep incision 
is found on direct examination, during reopera-
tion, or by histopathologic or radiologic exami-
nation, and (4) diagnosis of a deep incisional SSI 
by a surgeon or attending physician. 


Organ/space SSI: Involves any part of the 
body, excluding the skin incision, fascia, or 
muscle layers, that is opened or manipulated 
during the operative procedure. Specific sites are 
assigned to organ/space SSI to further identify 
the location of the infection (e.g., endocarditis, 
endometritis, mediastinitis, vaginal cuff, and 
osteomyelitis). Organ/space SSI must meet the 
following criteria: (1) infection occurs within 
30 days after the operative procedure if no im-
plant is in place or within 1 year if implant is in 
place and the infection appears to be related to 
the operative procedure, (2) infection involves 
any part of the body, excluding the skin inci-
sion, fascia, or muscle layers, that is opened or 
manipulated during the operative procedure, 
and (3) the patient has at least one of the fol-
lowing: (a) purulent drainage from a drain that 
is placed through a stab wound into the organ/
space, (b) organisms isolated from an aseptically 
obtained culture of fluid or tissue in the organ/
space, (c) an abscess or other evidence of infec-
tion involving the organ/space that is found on 
direct examination, during reoperation, or by 
histopathologic or radiologic examination, and 
(d) diagnosis of an organ/space SSI by a surgeon 
or attending physician. 
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S U M M A R Y


Background: The topical use of chlorhexidine gluconate (CHG) is intended to reduce
bacterial density on patients’ skin.
Aim: To assess the impact of body bath or skin cleansing with CHG-impregnated or CHG-
saturated washcloths in preventing healthcare-associated infections and colonization.
Methods: This systematic review included published randomized controlled trials, cross-
over trials, cohort studies and before-and-after studies. Studies were included if they
compared the use of CHG in washcloths with any of the following; soap and water bathing,
routine advice, no intervention.
Findings: Sixteen published studies and four conference abstracts were included for
systematic review. Nine studies reported the impact of CHG on incidence of central-line-
associated bloodstream infection (CLABSI); the incidence rate ratio (IRR) was 0.43 [95%
confidence interval (CI): 0.26e0.71]. Five studies assessed the impact of CHG washcloths
on incidence of surgical site infection (SSI); the RR was 0.29 (95% CI: 0.17e0.49). Four
studies reported the impact on vancomycin-resistant enterococci (VRE) colonization; the
IRR was 0.43 (95% CI: 0.32e0.59). Three studies reported the impact on meticillin-resistant
Staphylococcus aureus (MRSA) colonization rate; the IRR was 0.48 (95% CI: 0.24e0.95). Six
studies reported the impact on VRE infection; the IRR was 0.90 (95% CI: 0.42e1.93). Six
studies reported the impact on MRSA infection; the IRR was 0.82 (95% CI: 0.51e1.30).
There was no reduction in acinetobacter infection rates in the three studies where this
was reported.
Conclusion: These results suggest that the use of non-rinse CHG application significantly
reduces the risk of CLABSI, SSI and colonization with VRE or MRSA, but not infection.
ª 2012 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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Introduction


Healthcare-associated infections (HCAIs), particularly those
involving multi-resistant bacteria, are associated with
increasedmortality,morbidity, cost of care and longer length of
stay in hospitals. Colonization with multi-resistant bacteria

Published by Elsevier Ltd. All rights reserved.
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such as meticillin-resistant Staphylococcus aureus (MRSA) and
vancomycin-resistant enterococci (VRE) increases the risk of
infection in hospitalized patients.1,2 Whole-body bathing or
showering with chlorhexidine gluconate (CHG) is one of the
approaches aimed to reduce the bacterial density on skin of
patients.3,4 This may lower the risk of horizontal transmission of
bacteria to other patients, and the incidence of HCAIs.5 CHG
body bath or skin cleansing has been used in a variety of
settings. These include routine, regular cleansing of patient’s
skin in intensive care units, haematologyeoncology units, or
prior to high-risk surgical procedures instead of, or after, the
normal soap-and-water bathing.5e8


CHG is a broad-spectrum antimicrobial agent active against
both Gram-positive and -negative bacteria, and has been
successfully assessed as an effective skin antiseptic since the
early 1970s.4,9e11 It can be applied directly as solution by clean
wipes or as an ingredient in soaps and gels. Recently, pre-
packed CHG-impregnated washcloths have been widely avail-
able. This is a unique no-rinse system involving impregnated
CHG in polyester disposable preparation cloth, which has been
shown to deliver CHG (500 mg) more effectively, leading to
a greater and rapid reduction in bacterial load on skin.4


Application of CHG on patient body without rinsing, by wash-
cloths impregnated or saturated with CHG, may have
a different impact due to residual effect compared with the
application of CHG that involves post-application rinse.


Several studies have reported the impact of skin cleansing
with CHG on reducing the incidence of hospital-acquired
infections or colonization. However, the findings are discor-
dant and there is variation in the methodological quality of the
reports. There have been few randomized controlled trials in
hospital patient populations to evaluate the effectiveness of
such interventions due to the practical difficulties in measuring
the outcome. A previous review on preoperative whole-body
bathing or showering with CHG preparation did not show
a significant benefit in lowering surgical site infections (SSIs).12


In this review, we assessed the evidence for non-rinse skin
cleansing of patients on reducing the incidence of major HCAIs
and colonization with important multidrug-resistant bacteria.

Methods


The primary objective of the study was to assess the impact
of non-rinse CHG bath or skin cleansing in preventing HCAIs or
colonizations. The major study outcomes were central line-
associated bloodstream infection (CLABSI), SSI, infection or
colonization by MRSA or VRE. The secondary outcomes included
impact on acinetobacter infection, adverse reactions, cost
assessment, and resistance to CHG.

Literature search


A systematic search of published literature was performed
in Medline using OVID, EMBASE, CINAHLPlus, and the Cochrane
Trials Database published until 20 December 2011. A manual
search was conducted on all the reference lists of the relevant
articles identified after an initial screen. There was no
restriction on the date of publication but only articles in English
were reviewed. An electronic search was performed using
the following terms: chlorhexidine, bath*, washcloth*, cleans*,
wash*, application, prevent*, efficacy, effect*, decrease,

reduc*, impact, hospital acquired infection, HAI, bloodstream
infection, BSI, surgical site infection*, SSI, central-line-
associated bloodstream infection, CLABSI, colonization, infec-
tion, and incidence. The asterisk indicates that all derivations
of the root words were retrieved.


Eligibility criteria


The review included all identified controlled trials, including
randomized controlled trials, and observational studies with
a concurrent or historical control group. Studies were included if
they compared the use of CHG in washcloths (impregnated or
saturated) with any of the following; soap and water cleansing,
current hospital practice, and no intervention. Conference
abstracts were also included in analysis if sufficient data were
reported or available from the authors to calculate the inci-
dence rate ratio (IRR) or relative risk (RR).


Studies were excluded if the interventions involved applica-
tion of aqueous CHG solution or gels or soap that involved
immediate rinsing of CHG after application. Studies were also
excluded if CHG was used as a part of bundled intervention with
another antiseptic/antibiotic agent where other components of
the intervention may have affected the outcome significantly
even in the absence of CHG. Studies were also excluded if the
intervention was based in non-healthcare settings.


Quality of the studies and risk of bias


Both the NewcastleeOttawa scale and a risk of bias tool
developed by the Cochrane review group on Effective Practice
and Organisation of Care (EPOC) were used to assess the quality
of studies. The NewcastleeOttawa scale is a nine-point scale
that assesses cohort studies on the representativeness of the
study population, selection of controls, and ascertainment of
exposure, baseline assessment, comparability of cohorts, and
assessment of outcome, duration and adequacy of follow-up. In
this review, we defined ‘ascertainment of exposure’ as being
adequate if compliance with the intervention had been formally
assessed. The EPOC risk of bias tool is designed specifically for
assessing the risk of bias in interrupted time series (ITT) studies.


Data extraction


Both authors (S.K. and A.C.) extracted the data indepen-
dently using a data extraction form. Information on study
design, setting, study population, nature of interventions, co-
interventions, and number of patients/events who developed
CLABSI, SSI, VRE infection, MRSA infection, acinetobacter infec-
tion, VRE colonization and MRSA colonization was collected.
Adverse events including skin reactions, allergy, and resistance
to CHG and cost assessment were also recorded if reported.
Disagreements on inclusion and exclusion of studies were
resolved by discussion between the authors. The details of the
study outcomes are listed in Appendix 1.


Data synthesis


Due to the heterogeneity of outcomes, an overall pooled
estimate was not intended. We considered pooling estimates of
effect where multiple studies were performed in a similar
population for a similar outcome measure, such as prevention
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of CLABSI, SSI, VRE colonization or infection, MRSA colonization
or infection.


Pooled analyses were performed using STATA (version 10;
Stata Corp., College Station, TX, USA), using the METAN
module. The IRR or RR and their corresponding 95% confidence
interval (CI) were calculated.13 Where pooling of studies with
similar outcome measures was deemed to be feasible, we
calculated the I2 statistic.14 If I2 was <50%, a fixed effects
model was used to calculate a pooled estimate of effect; if the
I2 statistic was >50%, a random effect model was used.


Sensitivity analyses were performed according to the study
population and characteristics of the study. Potential clinical
source of heterogeneity was explored. Publication bias was
assessed using the funnel plot (Figure 1) and Egger’s test.

Results


Study characteristics


More than 265 potentially relevant study titles were
identified, from which 28 potentially relevant abstracts were
selected following manual screening and removal of dupli-
cates. Eight studies did not meet the inclusion criteria.
Twenty different studies were included of which 16 were
published articles and four were conference abstracts. All
studies were conducted between 2006 and 2011. Nine studies
reported the effect of CHG washcloths on incidence of
CLABSI.8,15e22 Five studies assessed the effect on incidence
of SSI.7,23e26 Four studies reported the impact on VRE colo-
nization.5,6,22,27 Three studies reported the impact on MRSA
colonization.6,17,27 Seven studies reported the impact on
MRSA infections and VRE infections.16,19,21,22,28e30 Further
details on characteristics of the studies are shown in Table I.


Eight studies were excluded from the analysis. In three
studies, the CHG bathing was included as a component of bundle
intervention where a change in outcome was difficult to attri-
bute to one particular intervention or where there was an
evidence of change in diagnostic procedure or co-intervention
only in one phase of the study.31e33 In two studies investi-
gating colonization with MRSA, the intervention included CHG
bath intranasal mupirocin.34,35 One randomized controlled trial
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Figure 1. Funnel plot for assessment of publication bias for
studies assessing the impact on central-line-associated blood-
stream infection. RR, risk ratio; IRR, Incidence rate ratio.

was conducted in a non-hospital setting.36 One study investi-
gated the vertical transmission of pathogenic bacteria from
mother to neonate and another study involved rinsing off the
CHG by warm water after application of 4% CHG solution by
sponges.37,38 Although the study by Borer et al. is not included in
the meta-analysis, the characteristics of that study are shown in
Table I.37


Most of the included studies used 2% CHG-impregnated
washcloths, except the studies by Climo et al. and Munoj-
price et al., who examined 2% CHG-saturated washcloths
with no post-application rinse.6,8


Central-line-associated bloodstream infections


There were no individual randomized controlled trials
evaluating the impact of CHG washcloths on reducing CLABSI.
Seven before-and-after studies and one cross-over trial with
concurrent controls were included in the meta-analysis,
whereas one before-and-after study was not included in
pooled analysis due to insufficient data.21 All studies compared
the impact of 2% CHG non-rinse washcloths with normal soap-
and-water bath or cleansing with non-medicated washcloths.
The risk of bias and quality of the studies are presented in
Table II. Individually, five studies showed a significant reduc-
tion in the CLABSI rates, and three studies did not show any
benefits. There was evidence of statistical heterogeneity (I2,
66.7%) and a random effects model was used for pooling of
effects. Compared with soap-and-water bathing, the use of
CHG washcloths was associated with a significantly reduced
rate of CLABSI (pooled IRR: 0.43; 95% CI: 0.26e0.71) (Figure 2).
When the analysis was limited to ICU settings only, the pooled
effect was similar (pooled IRR: 0.35; 95% CI: 0.18e0.71).


Surgical site infections


One randomized study, two before-and-after studies, and
two cohort studies were identified. Two studies involved site-
specific skin disinfection,23,25 whereas three studies involved
whole-body cleansing.7,24,26 The intervention in all of the
studies comprised a two-time preoperative cleansing regimen
(on the day prior to surgery and another on the day of surgery),
except in one studywhich involved a single cleansing a few hours
before the surgery.25 Two studies compared the impact of CHG
washcloths on the incidence of SSI in patients who complied with
washcloth use versus patients who did not; one study compared
the impact with soap-and-water bath; one study investigated
the impact against povidoneeiodine scrub; and one study
compared the impact with no intervention.7,23e26 The random-
ized controlled trial did not detect any infections in both arms,
thus did not contribute to the pooled analysis. The quality of the
studies included inmeta-analysis is shown in Table II. The pooled
analysis suggests that the use of CHG washcloths is associated
with a significant reduction in the risk of surgical site infections
(pooled RR: 0.29; 95% CI: 0.17e0.49) (Figure 3). No significant
statistical heterogeneity was detected. Excluding a single study
that tested a single application reduced the effect size slightly
(RR: 0.40; 95% CI: 0.21e0.78).


VRE colonization


Four before-and-after studies assessed the impact of CHG
on reducing the incidence of VRE colonization. However,







Table I


Characteristics of studies


Reference Study design Setting Intervention Type of CHG
washcloth


Control Compliance Co-interventions


Johnson et al.24 Cohort study Orthopaedic
surgery


Whole-body
cleansing before
surgery (twice)
with 2% CHG wash
cloths


Prepacked 2%
CHG-impregnated
washcloths


Patient non-
compliant in use of
2% CHG washcloths/
standard body
cleansing


Measured HHC: NR; ASC: NR;
SP: all patients
had perioperative
antibiotic prophylaxis
within 1 h of
incision; other
co-interventions: NR


Holder and
Zellinger20


Before-and-after
study


Medical and
cardiovascular
ICUs


Daily bath with 2%
CHG washcloths


Prepacked 2%
CHG-impregnated
washcloths


Standard body
cleansing


40e98% in first
3 months of
intervention


HHC: NR; ASC:
NR; other
co-intervention:
NR; SP: NR


Munoj-Price
et al.8


Before-and-after
study


Long-term acute-
care hospital


Daily bath with 2%
CHG washcloths


Aqueous dilution
of 4% CHG to 2%
CHG, and
application using
clean washcloths


Soap-and-water
bathing


Direct observation
of nursing staff for
correct
application of CHG
in first 2 months of
intervention


HHC: NR; ASC:
NR; other
co-intervention: NR


Evans et al.17 Before-and-after
study


ICU of level 1
trauma center


Daily bath with 2%
CHG washcloths


Prepacked 2%
CHG-impregnated
washcloths


Non-medicated
washcloths


NR HHC: NR; ASC: routine
surveillance culture
on admission, weekly,
and on discharge for
MRSA and
A. baumannii; other
co-intervention:
use of CHG-
silversulfadazine-
coated catheters and
CHG skin preparation
before catheter
insertion throughout
the study period


Popovich et al.16 Before-and-after
study


Medical ICU Daily bath with 2%
CHG washcloths


Prepacked 2%
CHG-impregnated
washcloths


Soap-and-water
bath


NR HHC: stable
throughout the study
period; ASC: NR; co-
intervention: NA


Dixon and
Carver18


Before-and-after
study


Surgical ICU in
trauma center


Daily bath with 2%
CHG washcloths


Prepacked 2%
CHG-impregnated
washcloths


Daily soap-and-
water bath


Use of CHG
bathing
log, with 100%
reported
compliance


HHC >80%;
ASC: NR;
co-interventions:
standard CLABSI
bundle throughout
the study period
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Popovich et al.19 Before-and-after
study


Surgical ICU Daily bath with 2%
CHG washcloths


Prepacked 2%
CHG-impregnated
washcloths


Daily soap-and-
water bath


NR HHC: NR; ASC: NR;
co-interventions: NA


Zywiel et al.7 Cohort study Orthopaedic
surgery


Whole-body
cleansing before
surgery (twice)
with 2% CHG
washcloths


Prepacked 2%
CHG-impregnated
washcloths


Patient non-
compliant in use of
2% CHG washcloths/
standard body
cleansing


Measured (16%) HHC: NR; ASC: NR;
co-interventions: NR;
SP: NR


Vernon et al.5 Before-and-after
study


Medical ICU Daily bath with 2%
CHG washcloths


Prepacked 2%
CHG-impregnated
washcloths


Daily soap-and-
water bathing


NR HHC: NA; ASC:
NA; other co-
interventions:
cleaning of patient
room with quaternary
ammonium
compound, contact
precautions for MRO-
positive patients


Kassakian et al.28 Before-and-after
study


General medical
units in acute care
hospital


Daily bath with 2%
CHG


Prepacked 2%
CHG-impregnated
washcloths


Daily soap-and-
water bathing


NR HHC: 42% (baseline
period); 58%
(intervention period);
ASC: admission
screening for MRSA
throughout study
period; VRE screening
of stool sent for
C. difficile test done
only in baseline
period; other
co-interventions:
contact precaution
compliance (70% in
baseline and 82% in
intervention period)


Bleasdale et al.15 Two-arm cross-over
trial (concurrent
control group)


Medical ICU Daily bath with 2%
CHG washcloths


Prepacked 2%
CHG-impregnated
washcloths


Daily soap-and-
water bathing


Bathing technique
assessed
episodically


HHC: NA; ASC:
NA; other co-
interventions: NR


Eiselt23 Before-and-after
study


Orthopaedic
surgery


Surgery-site-
specific cleansing
with 2% CHG
washcloths, the
night before and
morning of
surgery


Prepacked 2%
CHG-impregnated
washcloths


Povidone-iodine
scrub the night
before and morning
of surgery


Inconsistent use of
povidone-iodine
scrub by patient in
baseline period;
however, no
mention for 2%
CHG washcloths in
intervention
period


HHC: NA; ASC:
NA; other co-
interventions: NA


(continued on next page)
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Table I (continued )


Reference Study design Setting Intervention Type of CHG
washcloth


Control Compliance Co-interventions


Borer et al.37 Before-and-after
study


MICU Whole body
disinfection by 4%
CHG in clean
sponges


Liquid CHG (4%) in
sponges


Daily soap-and-
water bath


NR HHC: NA; ASC:
NA; other
co-intervention: NA


Climo et al.6 Before-and-after
study


ICUs (mixed) Daily bath with 2%
CHG washcloths


2% CHG saturated
in washcloths


Daily soap-and-
water bath


Compliance was
measured
assessing the
inventory of CHG
bottles provided to
ICUs


HHC: NA; ASC: active
surveillance culture
for MRSA in 6 ICUs,
and for VRE in 3 ICUs
on admission and
weekly thereafter
before the initiation
of study; CoI: alcohol-
based hand hygiene
implemented and
standard CLABSI
bundle had been
implemented and
completed before the
study


Murray et al.26 Randomized
controlled study


Orthopaedic
surgery


Whole-body
cleansing with 2%
CHG washcloths,
the night before
and morning of
surgery


Prepacked 2%
CHG-impregnated
washcloths


Soap-and-water
bath, before the
night of surgery


Measured (90%) HHC: NA; ASC: NA; SP:
cefazolin or
vancomycin within 1 h
of incision, use of
antibiotic-
impregnated barrier,
intraoperative skin
preparation using 2%
CHG and 70%
isopropyl alcohol in
both control and
intervention groups.
Other
co-interventions: NR


Rauk25 Before-and-after
study


Caesarean section
surgery


Preoperative skin
disinfection prior
to caesarean
section


Prepacked 2%
CHG-impregnated
washcloths


No pre-existing
protocol


NR HHC: NA; ASC: NA;
other co-
interventions:
improvements in
instrument
sterilization, staff
education; SP: NR


Moeslein and
Rajini21


Before-and-after
study


ICU Daily bath with
CHG washcloths


NR Soap-and-water
bathing


NR NR
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there were three studies involving the daily bathing of
patients in ICU and one in haematologyeoncology with CHG-
impregnated washcloths.5,6,22,27 The results from the study
by Cheery-Bukowiec et al. were not included in the meta-
analysis as sufficient data were not available.27 Compared
with soap-and-water, daily bathing with CHG-impregnated
washcloths was associated with decreased risk of VRE colo-
nization (pooled rate ratio IRR: 0.43; 95% CI: 0.32e0.59)
(Figure 4).


VRE infection


We identified six before-and-after studies assessing the
impact of CHG washcloths on the incidence of VRE infec-
tion.16,19,21,22,28,29 All studies involved the daily use of whole-
body cleansing with 2% CHG washcloths. The studies by
Moeslein et al. and Ford et al.were not included for the pooling
of effect due to insufficient data.21,29 The quality of the studies
and risk of bias is shown in Table II. The effect was measured in
terms of IRR, and there was no statistical evidence for reduc-
tion in VRE infection rate in association with the intervention
(pooled IRR: 0.90; 95% CI: 0.42e1.93) (Figure 5).


MRSA colonization


Three before-and-after studies reported the effectiveness of
daily use of CHG washcloths on MRSA colonization.6,17,27 The
results from the study by Cheery-Bukowiec et al. were not
included in the meta-analysis as sufficient data were not avail-
able. The other two studies when pooled for their effect showed
a significantly lower risk of colonization in association with the
use of CHG washcloths [pooled IRR: 0.48 (95% CI: 0.24e0.95)]
(Figure 6). The studies were conducted in ICU settings. The
quality of the studies and risk of bias are detailed in Table II.


MRSA infection


We identified six before-and-after studies assessing the
impact of CHG washcloths on reducing incidence of MRSA
infection.16,19,21,22,28,30 The risk of bias and quality of the studies
included in meta-analysis are detailed in Table II. The studies by
Moeslein et al. and Wyncoll et al. were not included for pooling
the effects due to insufficient data.21,30 Moeslein et al. reported
a reduction in incidence of MRSA infection from 2.6 to 1.8 per
1000 ICU-days, and Wyncoll et al. described almost total elimi-
nation of MRSA bacteraemia after implementation of CHG bath
for existing infection prevention interventions.21,30 However,
the pooled analysis of the results from the other four studies
showed no evidence that use of CHG washcloths reduces MRSA
infection (pooled IRR: 0.82; 95% CI: 0.51e1.31) (Figure 7).


Secondary outcomes


Acinetobacter infection
Four before-and-after studies measured the impact of CHG


skin cleansing on the rate of acinetobacter infection. Borer
et al. reported a significant reduction in CLABSI, however the
study involved rinsing off the CHG after 2 min of application.37


The other two studies reporting the incidence of total noso-
comial infection by acinetobacter showed no benefit associ-
ated with CHG washcloths.16,19 Similarly, another study on the
incidence of colonization and ventilator-associated pneumonia







Table II


Risk of bias assessed on the basis of Effective Practice and Organisation of Care (EPOC) risk of bias assessment tool for interrupted time
series (ITT) studies and quality of the studies according to NewcastleeOttawa Scale (NOS)


EPOC risk of bias assessment Quality of studies according
to NOSa


Reference Intervention
independent


Intervention
effect


prespecified


Intervention
had no


effect on
data


collection


Prevented
knowledge
of allocated
interventionsb


Incomplete
outcome
data


addressed


Free
from


selective
reporting


Free
from
other
bias


Selection Comparability Outcome


Johnson
et al.24


Y Y Y Y U Y N *** * **


Holder and
Zellinger20


Y Y Y Y U Y N *** *


Munoj-Price
et al.8


Y Y Y Y Y Y U **** ** ***


Evans et al.17 Y Y Y Y Y Y U *** ** **
Popovich
et al.16


Y Y Y Y Y Y U *** * **


Dixon and
Carver18


Y Y Y Y Y Y N **** * **


Popovich
et al.19


Y Y Y Y Y Y U *** * **


Zywiel et al.7 Y Y Y Y U Y N *** * **
Vernon et al.5 Y Y Y Y Y Y Y *** ** ***
Kassakian
et al.28


Y Y Y Y Y U U *** * ***


Bleasdale
et al.15


Y Y Y Y Y Y U **** ** ***


Eiselt23 Y Y Y Y U U N *** *
Climo et al.6 Y Y Y Y Y Y Y **** ** ***
Murray et al.26 Y Y Y Y Y Y Y *** ** ***
Rauk25 N Y Y Y U U N *** *
Bass et al.22 Y Y Y Y Y Y N *** ** ***


Y, yes; N, no; U, unknown.
a NewcastleeOttawa Scale is rated on a nine point scale with each asterisk representing one point. (Selection rating from four points,


Comparability rating from two points, Outcome from three points.)
b Primary outcome data were not assessed blindly, but nature of primary outcome was objective.


NOTE: Weights are from random effects analysis


Overall (I2 = 66.7%, P = 0.004)
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Figure 2. Effect of chlorhexidine gluconate washcloths in reducing central-line-associated bloodstream infection. IRR, Incidence rate
ratio; CI, confidence interval.
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Overall (I2 = 36.6%, P = 0.192)
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Johnson24


Reference
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(Excluded)


0.20 (0.01, 3.32)
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Figure 3. Effect of chlorhexidine gluconate washcloths in reducing surgical site infections. RR, relative risk, CI, confidence interval.
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by acinetobacter showed no benefit.17 The risk of bias and
quality of the studies are detailed in Table II. Pooling of
the individual studies was not attempted, as the natures of the
outcomes studied were different in each case. Except in the
study by Borer et al., the acinetobacter infection rate was
described as secondary outcomes.37


Adverse outcomes
Although adverse outcomes due to the use of CHG wash-


cloths have been reported, none were reported as serious.
Allergic skin reactions and development of resistance to CHG
have been discussed as possible adverse outcomes of an
extensive use of CHG.5,6 Two studies monitoring the resistance
to CHG during the intervention period of CHG found no
difference in susceptibility among the isolates.5,15 Low
concentrations of CHG have been detected in blood of children
undergoing daily bathing with CHG washcloths, and there is no
cumulative tendency with repeated exposure.39


A recent study reported that a significant proportion of
patients may experience mild itching and dry skin after the

Overall (I2 = 0.0%, P = 0.582)


Climo6


Bass22


Vernon5


Reference


Favours intervention
0.1 0.25 0.5 1


Figure 4. Effect of chlorhexidine gluconate washcloths in reducing co
rate ratio; CI, confidence interval.

application of CHG.26 Skin rashes have been reported concur-
rently with the use of CHG washcloths.17 However, none of the
other studies mentioned any serious skin reactions.


Cost
Although a reduction in the total healthcare costs has been


claimed by some studies, we did not identify a comprehensive
cost-effectiveness study.8,18,20,25 A recent cost-effectiveness
study of CHG washcloths for use at home before surgery repor-
ted these to be cost-effective even when compliance was low.40


Sensitivity analyses and publication bias
We performed a sensitivity analysis to examine possible


heterogeneity in the studies. The study by Popovich et al.,
examining the impact of CHG bathing on CLABSI rate in ICU
settings, was the main source of heterogeneity, and showed no
reduction in risk of CLABSI associated with the use of CHG
washcloths.19 An analysis excluding this study found the
remaining studies to be heterogeneous but with little effect on
the estimated pooled IRR (IRR: 0.27; 95% CI: 0.17e0.42).
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Figure 5. Effect of chlorhexidine gluconate washcloths in reducing infection with vancomycin-resistant enterococci. IRR, Incidence rate
ratio; CI, confidence interval.
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An assessment of publication bias was performed using
a funnel plot and Egger’s test for the studies included for
pooling the effect on CLABSI. The funnel plot was suggestive of
publication bias, with six out of eight studies showing an effect
size stronger than the pooled estimate (Figure 1). However, the
Egger’s test was negative (P ¼ 0.31).


Discussion


In this systematic review, we have summarized the available
data on impact of use of non-rinse CHG body bath or skin
cleansing on the incidence of important HCAIs or colonization.
Although most of the studies were observational in nature, the
findings are consistent in supporting evidence for CHG wash-
cloths on reducing CLABSI, SSI and colonization by VRE and
MRSA. However, there was insufficient evidence to support the
use of CHG washcloths in reducing the incidence of infection
with VRE or MRSA.


The studies included in the reviewwere published from 2006
to 2011. With two exceptions, all other studies were before-

NOTE: Weights are from random effects analysis


Overall (I2 = 86.9%, P = 0.006)
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Evans17
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Figure 6. Effect of chlorhexidine gluconate washcloths in reducing c
Incidence rate ratio; CI, confidence interval.

and-after studies, or similar studies comparing the data from
prospective cohorts with historical controls.15,26 As most of
the before-and-after studies were observational in nature,
there was variation in methodological quality of the studies
(Table II). However, individual patient randomized controlled
trials may not be able to evaluate the effects on all outcomes,
particularly colonization in other patients due to a reduction in
cross-transmission. For these types of outcomes, the only
feasible trial design is a cluster randomized controlled trial.
Studies involving the use of other forms of CHG such as aqueous
solution, gels or soaps were not included.


The pooled analysis of available studies comparing the use of
CHG with soap-and-water bath or non-medicated washcloths
revealed a >50% reduction in the risk of CLABSI (Figure 2). Six
studies included an ICU population, one included long-term
acute-care hospital patients, and one study was conducted in
haematologyeoncology patients.8,15e20,22 Sievert et al. have
also indicated a reduction in CLABSI with the use of 2% CHG
washcloths, although they did not attempt to estimate a pooled
effect.41
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Similarly, we found evidence supporting a significant
reduction in risk of SSI in association with the use of 2% CHG-
impregnated washcloths when used either once or twice prior
to surgery, and whether used to cleanse the whole body or the
specific area around the operation site. Four of the studies that
used the two-time cleansing regimen involved orthopaedic
patients undergoing arthroplasty or shoulder surgery, in which
the first application of the washcloths was performed at home
one night before the surgery and the second application was
performed on the morning of the day of surgery.7,23,24,26


However, one study involved only a single preoperative
cleansing before caesarean section.25 A previous systematic
review of randomized clinical trials that involved showering
with 4% CHG solution showed no benefit in reducing SSI rates.12


Such a difference may be due to different methods of appli-
cation of this antiseptic, which may lead to a difference in the
residual antiseptic component at the site of action. Our review
involved only studies that used 2% CHG non-rinse washcloths,
where a higher concentration of CHG is likely to have a greater
residual effect and may result in greater quantitative reduc-
tions in bacterial flora on the skin.4


In addition, our pooled analysis showed >50% reduction in
risk of VRE or MRSA colonization (Figures 4 and 6). The studies
investigating the colonization of VRE involved ICU patients and
haematologyeoncology patients.5,6,22 It is plausible that the
lower bacterial densities on the skin of colonized patients by
the daily application of CHG washcloths may have resulted in
decreased rates.


However, our analysis did not find evidence to show that
CHG washcloths were associated with a reduction in infection
by either MRSA or VRE alone (Figures 5 and 7). No individual
study investigating the impact of washcloths on infection by
VRE or MRSA found a statistically significant risk reduction in
infection. However, the rate of infection by VRE or MRSA is low.
Therefore, large numbers of study subjects are needed to
detect any statistically significant difference.


There are several limitations to this study. Most of the
studies identified and included in the meta-analysis are

non-randomized studies, mainly observational before-and-
after studies or cohort studies. Many studies did not report
on or adjust for possible confounders. Most studies did not
provide the data on hand hygiene compliance rate, active
surveillance cultures for detecting colonization and patient-
level compliance on use of CHG washcloths by nursing staff
or patient (Table I), which may affect the outcome. Most of the
studies investigating CLABSI were conducted in ICU settings, so
the evidence generated by this study should be interpreted
cautiously. The funnel plot indicated possible publication bias
as no smaller studies have been published showing lack of
benefit of the intervention. Although the Egger’s test for
studies investigating the reduction in CLABSI showed a lower
risk of publication bias, it should be noted that the power of
this test is limited if there is evidence of statistical
heterogeneity.42


In summary, we found evidence that the use of 2% CHG non-
rinse skin cleansing may reduce the risk of CLABSI, SSI and
colonization with VRE or MRSA. Thus in hospitals where there is
a high risk of these infections, CHG washcloths may be
considered as a potential intervention. We do not have enough
evidence to show that this intervention reduces the risk of
infection by either VRE or MRSA. However, most studies
investigating this question are observational in nature and we
found variation in quality of data collection and analyses.
Further studies are required to confirm our findings that a non-
rinse CHG bathing is effective in reducing incidence of HCAIs or
colonizations.
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Appendix 1. Study results


Reference Total


patient-days
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events (Int)


MRSA


infection
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VRE


infection


events (Int)


VRE


infection


events
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CLABSI


events


(Int)


CLABSI


events


(Cont)


Total


surgical


site


infections


(Int)


Total


surgical


site


infections


(Cont)


Total


MRSA


colonizations


(Int)


Total


MRSA


colonizations


(Cont)


Total


VRE


colonizations


(Int)


Total


VRE


colonizations


(Cont)


Holder and Zellinger20 N/A N/A N/A N/A 2000 3333 N/A N/A N/A N/A 2 12 N/A N/A N/A N/A N/A N/A


Munoj-Price et al.8 N/A N/A 405 340 7632 6211 N/A N/A N/A N/A 29 59 N/A N/A N/A N/A N/A N/A


Bleasdale et al.15 2210 2119 391 445 1406 1310 N/A N/A N/A N/A 9 22 N/A N/A N/A N/A N/A N/A


Popovich et al.16 5610 6728 N/A N/A 2880 3579 8 11 3 6 2 19 N/A N/A N/A N/A N/A N/A


Evans et al.17 2017 1977 286 253 1905 1786 N/A N/A N/A N/A 4 15 N/A N/A 47 137 N/A N/A


Dixon and Carver18 N/A N/A 144 N/A 3346 3148 N/A N/A N/A N/A 7 27 N/A N/A N/A N/A N/A N/A


Popovich et al.19 5799 7366 1387 1938 3695 4984 6 5 5 3 17 19 N/A N/A N/A N/A N/A N/A


Climo et al.6 13,096a


13,610b
13,300a


13,412b
N/A N/A 9663 10,062 N/A N/A N/A N/A N/A N/A N/A N/A 45 67 30 61


Vernon et al.5 2210 2113 642 483 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 20 55


Kassakian et al.28 36,185 34,800 7699 7102 N/A N/A 8 14 2 6 N/A N/A N/A N/A N/A N/A N/A N/A


Murray et al.26 N/A N/A 50 50 N/A N/A N/A N/A N/A N/A N/A N/A 0 0 N/A N/A N/A N/A


Johnson et al.24 N/A N/A 157 897 N/A N/A N/A N/A N/A N/A N/A N/A 0 14 N/A N/A N/A N/A


Zywiel et al.7 N/A N/A 136 711 N/A N/A N/A N/A N/A N/A N/A N/A 0 21 N/A N/A N/A N/A


Eiselt23 N/A N/A 736 727 N/A N/A N/A N/A N/A N/A N/A N/A 12 23 N/A N/A N/A N/A


Rauk25 N/A N/A 436 441 N/A N/A N/A N/A N/A N/A N/A N/A 5 33 N/A N/A N/A N/A


Bass et al.22 1826 2062 210 229 1926 2010 1 4 0 1 9 11 N/A N/A N/A N/A 8 18


Int, intervention; Cont, control; MRSA, meticillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant enterococci; CLABSI, central-line-associated bloodstream infection; N/A, not available.
a Patient days at risk for MRSA acquisition.
b Patient days at risk for VRE acquisition.
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The Preventive Surgical Site Infection Bundle
in Colorectal Surgery
An Effective Approach to Surgical Site Infection Reduction
and Health Care Cost Savings
Jeffrey E. Keenan, MD; Paul J. Speicher, MD; Julie K. M. Thacker, MD; Monica Walter, DNP;
Maragatha Kuchibhatla, PhD; Christopher R. Mantyh, MD


IMPORTANCE Surgical site infections (SSIs) in colorectal surgery are associated with increased
morbidity and health care costs.


OBJECTIVE To determine the effect of a preventive SSI bundle (hereafter bundle) on SSI rates
and costs in colorectal surgery.


DESIGN Retrospective study of institutional clinical and cost data. The study period was
January 1, 2008, to December 31, 2012, and outcomes were assessed and compared before
and after implementation of the bundle on July 1, 2011.


SETTING AND PARTICIPANTS Academic tertiary referral center among 559 patients who
underwent major elective colorectal surgery.


MAIN OUTCOMES AND MEASURES The primary outcome was the rate of superficial SSIs before
and after implementation of the bundle. Secondary outcomes included deep SSIs,
organ-space SSIs, wound disruption, postoperative sepsis, length of stay, 30-day
readmission, and variable direct costs of the index admission.


RESULTS Of 559 patients in the study, 346 (61.9%) and 213 (38.1%) underwent their
operation before and after implementation of the bundle, respectively. Groups were matched
on their propensity to be treated with the bundle to account for significant differences in the
preimplementation and postimplementation characteristics. Comparison of the matched
groups revealed that implementation of the bundle was associated with reduced superficial
SSIs (19.3% vs 5.7%, P < .001) and postoperative sepsis (8.5% vs 2.4%, P = .009). No
significant difference was observed in deep SSIs, organ-space SSIs, wound disruption, length
of stay, 30-day readmission, or variable direct costs between the matched groups. However,
in a subgroup analysis of the postbundle period, superficial SSI occurrence was associated
with a 35.5% increase in variable direct costs ($13 253 vs $9779, P = .001) and a 71.7%
increase in length of stay (7.9 vs 4.6 days, P < .001).


CONCLUSIONS AND RELEVANCE The preventive SSI bundle was associated with a substantial
reduction in SSIs after colorectal surgery. The increased costs associated with SSIs support
that the bundle represents an effective approach to reduce health care costs.
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S urgical site infections (SSIs) are associated with in-
creased morbidity, length of hospitalization, readmis-
sion rates, and health care costs.1-7 They represent a par-


ticularly important problem in colorectal surgery (CRS), for
which SSI rates are disproportionately high, ranging from 15%
to 30%.8-10 Therefore, reduction in SSIs in CRS has become a
major target of quality improvement initiatives.11-14 To a large
degree, the focus has been on improving adherence to evi-
dence-based practices, such as those laid out by the Surgical
Care Improvement Project of the Centers for Medicare and
Medicaid Services.11,12,14-17 These practices include appropri-
ate administration of prophylactic antibiotics, perioperative
hair clipping, glucose control in cardiac surgery patients, and
normothermia in CRS patients. However, it has become ap-
parent that improvement in the compliance of individual Sur-
gical Care Improvement Project measures alone is unlikely to
result in effective SSI reduction.15,18-21 In contrast, efforts that
have used systematic approaches, or bundles, directed to-
ward the incorporation of best practices across the phases of
perioperative care have been successful to varying degrees.22-25


In addition to improved patient care, reduction in health
care costs is commonly touted as a benefit of SSI reduction.4,17


However, few studies2,6,7 have attempted to quantitate the
SSI-associated costs. Among these studies, significant hetero-
geneity exists in terms of (1) the procedures included, (2) the
method for determination of costs or charges, (3) the definition
of SSIs, and (4) the types of SSIs included.2,6,7,26,27 This hetero-
geneity has made assessment of the SSI-associated costs for any
specific patient population difficult. As a result, the cost sav-
ings associated with successful SSI reduction are unknown.


Herein, we present our experience with a preventive SSI
bundle (hereafter bundle) for CRS. The impetus for implemen-
tation of our bundle arose from our institution’s participation
in the American College of Surgeons National Surgical Qual-
ity Improvement Program (ACS-NSQIP). The ACS-NSQIP pro-
vides a prospectively maintained database designed to allow
determination of 30-day postsurgical outcomes as a vehicle for
quality improvement.28,29 Through involvement with the ACS-
NSQIP, our institution was identified as having a significantly
higher rate of SSIs in CRS compared with peer institutions. In
this study, we evaluate the effect of the bundle on the CRS SSI
rate and how SSIs affect health care costs associated with CRS.


Methods
Study Design
This retrospective cohort study was approved by the institu-
tional review board at Duke University Medical Center. The re-
quirement for informed consent was waived by the institu-
tional review board. For most retrospective studies, our
institutional review board will waive the requirement for in-
formed consent so long as the only risk to patients relates to
the use of patient health information and there is an appro-
priate plan for protecting that patient health information in
place. Institutional ACS-NSQIP data files were used to iden-
tify a sample group of patients undergoing major CRS at Duke
University Medical Center between January 1, 2008, and De-


cember 31, 2012. These procedures included low anterior re-
section, abdominoperineal resection, partial or total abdomi-
nal colectomy with or without proctectomy, proctectomy,
pelvic exenteration, or Hartmann-type procedure (including
Current Procedural Terminology codes 44147, 44150, 44151,
44160, 44204, 44205, 44206, 44207, 44208, 44210, 44155,
44156, 44157, 44158, 44211, 44212, 45110, 45111, 45112, 45113,
45114, 45116, 45119, 45120, 45121, 45123, 45126, 45130, 45135,
45160, 45395, 45397, 45402, and 45550). Both open and lapa-
roscopic cases were included. The bundle was designed for and
by colorectal surgeons (J.K.M.T. and C.R.M.) who used it in all
of their cases from the implementation date (July 1, 2011) for-
ward. Therefore, only procedures performed by 1 of 3 board-
certified colorectal surgeons at our institution were consid-
ered throughout the study period. Emergent cases or cases that
occurred more than 1 day from the date of admission were ex-
cluded. Patient demographics, preoperative comorbidities, in-
traoperative factors, and 30-day outcomes were determined
using the ACS-NSQIP institutional data. The ACS-NSQIP data
relate to a systematically sampled set of surgical procedures
and are collected by a trained surgical-clinical reviewer (M.W.),
ensuring an accurate data set.28,29 In addition to the ACS-
NSQIP data, the variable direct costs (VDCs) for the index ad-
mission were obtained from Duke University Hospital Fi-
nance. The VDCs account for costs incurred during a hospital
stay related to care provided to the patient but exclude phy-
sician fees. Examples of VDCs include operating room time and
equipment use, pharmaceutical agents, and nursing, labora-
tory, radiological, and other services.


The Preventive SSI Bundle
The use of the bundle involved a systematic approach to im-
prove the use of SSI preventive measures across the phases of
perioperative care. It was a multidisciplinary effort, calling on
surgeons, anesthesiologists, clinic nurses, operating room staff,
unit nurses, house staff, and hospital mid-level providers to
enact the prescribed elements. The bundle program was led
and coordinated by one of the colorectal surgeons (C.R.M.) who
met monthly with designated key personnel from the vari-
ous groups to review recent SSI results and address any is-
sues with bundle delivery.


The elements of the bundle included existing evidence-
based measures as well as commonsense measures that were
thought to pose minimal risk and hold potential for benefit
(Figure 1). Before surgery, patients were provided with edu-
cational materials on the prevention of SSIs, as well as mate-
rials and instructions to undergo a full-body chlorhexidine glu-
conate shower the night before surgery. A standardized
polyethylene glycol 3350 bowel preparation with oral antibi-
otics (neomycin sulfate and erythromycin) was adopted.30,31


For preoperative antibiotic prophylaxis, all patients without
an allergy received a single 1-g dose of ertapenem sodium
within 1 hour of incision.32 Ciprofloxacin hydrochloride and
metronidazole phosphate were used as an alternative when an
allergy was present. The surgical field preparation was per-
formed in a standardized fashion using a 2% chlorhexidine glu-
conate–70% isopropyl alcohol solution.33 During surgery, a
wound protector was used for open incisions, operating room
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traffic was limited to essential personnel, and close attention
to maintenance of normothermia and euglycemia was pro-
vided by the anesthesiologist. At the time of wound closure,
surgeons and scrub staff underwent a gown and glove change,
and a dedicated wound closure tray was used to close the fas-
cia and skin. Following closure, a sterile occlusive dressing was
placed over the incisions. After surgery, the dressing was re-
moved within 48 hours from the time of surgery. The wound
was then washed daily with chlorhexidine. On discharge, the
patient was provided with materials and instructions to con-
tinue the chlorhexidine washes for 1 week following surgery.


Statistical Analysis
Patients were stratified by the use of the bundle at the time of
surgery, which was our main predictor of interest. The pri-
mary outcome measure for our analysis was the rate of super-
ficial SSIs. Secondary outcomes included deep SSIs, organ-
space SSIs, wound disruption, postoperative sepsis, length of
stay, 30-day readmission, and VDCs of the index admission.
For categorical and continuous variables, proportions and mea-
sures of central tendency were assessed, respectively. Com-
parisons of baseline and procedure-specific characteristics for
patients before vs after implementation of the bundle were per-
formed using Pearson χ2 test or Fisher exact test for categori-
cal variables and t test for continuous variables.


As a confirmatory analysis and to control for fundamen-
tal, nonrandom differences between patients treated with vs
without the bundle, we performed a propensity analysis.34-36


Variables chosen for inclusion were those thought most likely
to act as confounders and included patient age, sex, body mass
index, diabetes mellitus, recent chemotherapy, recent radia-
tion therapy, total operative time, use of laparoscopy, and
whether the procedure comprised rectal resection or not. These
variables were entered into a logistic regression model to cal-
culate propensity scores, and an optimized nearest-neighbor
algorithm was used to find the most appropriate matched pairs.
After propensity score matching to create 2 identically sized


groups with balanced covariates, baseline characteristics and
postoperative end points were compared between the 2 groups
using Pearson χ2 test or Fisher exact test for categorical vari-
ables and t test for continuous variables.


A subgroup analysis was performed among all patients who
underwent an operation using the SSI bundle to capture the
cost effect of any potential reduction in SSI rates by compar-
ing costs for patients who developed an SSI vs those who did
not. A multivariable linear regression model was used to con-
trol for the same potentially confounding variables men-
tioned previously. In all linear models, the continuous end
points of interest (length of stay and VDCs) were log trans-
formed to address issues of normalcy.


Model diagnostics and balance were assessed, and no ma-
jor model assumptions were violated. An affirmative decision
was made to control for type I error at the level of comparison.
P ≤ 0.05 indicated statistical significance for all comparisons and
analyses of primary and secondary outcomes. Statistical analy-
ses were performed with statistical software (R, version 3.0.1;
R Foundation for Statistical Computing).


Results
During the study period, 559 CRS cases meeting the study cri-
teria were sampled by the ACS-NSQIP at our institution
(Table 1). These included 346 (61.9%) and 213 (38.1%) cases be-
fore and after implementation of the bundle, respectively. The
median age was older in the prebundle group (62.2 vs 58.7 years,
P = .04). In addition, a higher percentage of patients in the pre-
bundle group received preoperative radiation therapy (19.1%
vs 12.2%, P = .04). In contrast, a lower percentage of patients
in the prebundle group had received recent chemotherapy
(5.5% vs 14.6%, P < .001). The proportion of laparoscopic cases
was lower in the prebundle group (38.4% vs 58.7%, P < .001)
as well. Other factors evaluated did not differ significantly be-
tween the 2 groups.


Figure 1. The Preventive Surgical Site Infection (SSI) Bundle in Colorectal Surgery
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Comparison of the unadjusted outcomes between the pre-
bundle and postbundle groups demonstrated a significant re-
duction in superficial SSIs (24.9% vs 5.6%, P < .001), postop-
erative sepsis (10.4% vs 2.3%, P < .001), and length of stay (6.0
vs 5.0 days, P = .001). No significant difference was observed
in 30-day readmissions (15.9% vs 9.9%, P = .06) or VDCs ($8422
vs $9700, P = .85) between the prebundle and postbundle
groups.


Because of several important differences that might affect
the rate of SSIs between the prebundle and postbundle groups,
propensity matching for the SSI bundle was performed
(Table 2). Matched prebundle and postbundle groups were gen-


erated containing 212 patients each. No significant difference
was observed in patient demographics, baseline characteris-
tics, or procedure-specific factors between the matched groups.
Evaluation of outcomes indicated a significant reduction in su-
perficial SSIs (19.3% vs 5.7%, P < .001) and postoperative sep-
sis (8.5% vs 2.4%, P = .009) in the postbundle period (Table 3).
In contrast, no significant difference was found in deep SSIs,
organ-space SSIs, wound disruption, median length of stay, 30-
day readmission, or VDCs between the matched groups.


To assess the cost effect from reduced superficial SSIs fol-
lowing implementation of the bundle, a subgroup analysis was
performed on the VDCs incurred by patients with vs without


Table 1. Baseline Characteristics of the ACS-NSQIP Sampled Colorectal Surgical Procedures
Subdivided by the Use of the Bundle


Characteristic
Total


(N = 559)


Prebundle
Period


(n = 346)


Postbundle
Period


(n = 213) P Value
Age, median (Q1-Q3), y 60.8 62.2 (50.7-69.9) 58.7 (46.2-69.2) .04


Male sex, No. (%) 258 156 (45.1) 102 (47.9) .58


Race/ethnicity, No. (%) .80


White 428 267 (77.2) 161 (75.6)


Black 118 72 (20.8) 46 (21.6)


Other 13 7 (2.0) 6 (2.8)


BMI, median (Q1-Q3) 27.6 27.8 (23.9-31.7) 27 (23.7-31.6) .28


ASA classification, No. (%)a (n = 212) .10


1, No disturbance 5 1 (0.3) 4 (1.9)


2, Mild disturbance 219 138 (39.9) 81 (38.2)


3, Severe disturbance 318 200 (57.8) 118 (55.7)


4, Life threatening 16 7 (2.0) 9 (4.2)


Procedure type, No. (%) .11


Partial colectomy 194 109 (31.5) 85 (39.9)


Low anterior resection 197 129 (37.3) 68 (31.9)


Abdominoperineal resection 50 37 (10.7) 13 (6.1)


TAC with proctectomy 45 25 (7.2) 20 (9.4)


TAC without proctectomy 31 20 (5.8) 11 (5.2)


Partial proctectomy 31 22 (6.4) 9 (4.2)


Hartmann-type procedure 8 3 (0.9) 5 (2.3)


Pelvic exenteration 3 1 (0.3) 2 (0.9)


Laparoscopic case, No. (%) 258 133 (38.4) 125 (58.7) <.001


Wound classification, No. (%) .11


Clean or contaminated 481 305 (88.2) 176 (82.6)


Contaminated 51 29 (8.4) 22 (10.3)


Dirty or infected 27 12 (3.5) 15 (7.0)


Preoperative sepsis, No. (%)a (n = 343) .47


None 553 342 (99.7) 211 (99.1)


Sepsis 1 0 1 (0.5)


SIRS 2 1 (0.3) 1 (0.5)


Diabetes mellitus, No. (%) 483 297 (85.8) 186 (87.3) .05


Chronic obstructive pulmonary disease, No. (%) 20 15 (4.3) 5 (2.3) .25


Smoker, No. (%) 102 67 (19.4) 35 (16.4) .45


Functional status, No. (%) .18


Independent 550 338 (97.7) 212 (99.5)


Partially dependent 9 8 (2.3) 1 (0.5)


Recent chemotherapy in last 30 d, No. (%) 50 19 (5.5) 31 (14.6) <.001


Radiation therapy in last 90 d, No. (%) 92 66 (19.1) 26 (12.2) .04


Abbreviations: ACS-NSQIP, American
College of Surgeons National Surgical
Quality Improvement Program;
ASA, American Society of
Anesthesiologists; BMI, body mass
index (calculated as weight in
kilograms divided by height in meters
squared); Q, quartile; SIRS, systemic
inflammatory response syndrome;
TAC, total abdominal colectomy.
a Because of missing data, the totals


for ASA classification and
preoperative sepsis are less than the
total cohort (n = 558 and n = 556,
respectively).
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superficial SSIs in the postbundle period. After multivariable
adjustment, superficial SSI occurrence during the post-
bundle period was associated with a 35.5% increase in VDCs
($13 253 vs $9779, P = .001, R2 = 0.504) (Figure 2). In addition,
superficial SSI occurrence was associated with a 71.7% in-
crease in length of stay (7.9 vs 4.6 days, P < .001, R2 = 0.359)
for the index admission.


Discussion
In this study, we determined the effect of the bundle on SSI
rates in elective CRS and examined the costs associated with


superficial SSIs in CRS at a single institution. The absolute re-
duction in the rate of superficial SSIs following implementa-
tion of the bundle was 19.3% (24.9% vs 5.6%, P < .001) in the
unadjusted analysis and 13.6% (19.3% vs 5.7%, P < .001) after
propensity adjustment. Implementation of the bundle was also
associated with a reduced rate of postoperative sepsis. In total,
these findings support the bundle as an effective tool for im-
proving the quality of patient care.


This study also demonstrates that substantial SSI reduc-
tion can be achieved at an institution having a preexisting
problem with high SSI rates in CRS. After joining the ACS-
NSQIP in 2006, our institution was identified as a high out-
lier for the CRS SSI rate among peer ACS-NSQIP institutions


Table 2. Baseline Characteristics of the ACS-NSQIP Sampled Colorectal Surgical Procedures
Subdivided by the Use of the Bundle, After Propensity Matchinga


Characteristic
Prebundle Period


(n = 212)
Postbundle Period


(n = 212) P Value
Age, median (Q1-Q3), y 61.3 (48.7-69.2) 58.8 (46.2-69.3) .28


Male sex, No. (%) 93 (43.9) 102 (48.1) .44


Race/ethnicity, No. (%) .72


White 168 (79.2) 161 (75.9)


Black 39 (18.4) 45 (21.2)


Other 5 (2.4) 6 (2.8)


BMI, median (Q1-Q3) 27.6 (24.2-31.3) 27 (23.7-31.6) .77


ASA classification, No. (%) .38


1, No disturbance 1 (0.5) 4 (1.9)


2, Mild disturbance 82 (38.7) 81 (38.2)


3, Severe disturbance 124 (58.5) 118 (55.7)


4, Life threatening 5 (2.4) 9 (4.2)


Procedure type, No. (%) .99


Partial colectomy 89 (42.0) 85 (40.1)


Low anterior resection 63 (29.7) 67 (31.6)


Abdominoperineal resection 14 (6.6) 13 (6.1)


TAC with proctectomy 19 (9.0) 20 (9.4)


TAC without proctectomy 13 (6.1) 11 (5.2)


Partial proctectomy 10 (4.7) 9 (4.2)


Hartmann-type procedure 3 (1.4) 5 (2.4)


Pelvic exenteration 1 (0.5) 2 (0.9)


Laparoscopic case, No. (%) 124 (58.5) 125 (59.0) >.99


Wound classification, No. (%) .70


Clean or contaminated 180 (84.9) 175 (82.5)


Contaminated 21 (9.9) 22 (10.4)


Dirty or infected 11 (5.2) 15 (7.1)


Preoperative sepsis, No. (%) >.99


None 211 (99.5) 210 (99.1)


Sepsis 0 1 (0.5)


SIRS 1 (0.5) 1 (0.5)


Diabetes mellitus, No. (%) 191 (90.1) 185 (87.3) .54


Chronic obstructive pulmonary disease, No. (%) 11 (5.2) 5 (2.4) .20


Smoker, No. (%) 42 (19.8) 35 (16.5) .45


Functional status, No. (%) .37


Independent 208 (98.1) 211 (99.5)


Partially dependent 4 (1.9) 1 (0.5)


Recent chemotherapy in last 30 d, No. (%) 19 (9.0) 31 (14.6) .10


Recent radiation therapy in last 90 d, No. (%) 16 (7.5) 26 (12.3) .14


Abbreviations: ACS-NSQIP, American
College of Surgeons National Surgical
Quality Improvement Program;
ASA, American Society of
Anesthesiologists; BMI, body mass
index (calculated as weight in
kilograms divided by height in meters
squared); Q, quartile; SIRS, systemic
inflammatory response syndrome;
TAC, total abdominal colectomy.
a Groups are propensity matched for


the use of the surgical site infection
bundle, matching on the following
covariates: patient age, sex, BMI,
procedure type (partial colectomy,
low anterior resection,
abdominoperineal resection, total
abdominal colectomy with vs
without proctectomy, isolated
proctectomy, Hartmann-type
procedure, or pelvic exenteration),
laparoscopic vs open approach,
wound class, ASA classification,
diabetes mellitus, recent
chemotherapy, and recent radiation
therapy.
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from 2007 to 2011. This was the impetus for the formation of
the bundle. However, while our initial SSI rate was high, it
was still within the range commonly reported in the litera-
ture for CRS,8-10 indicating that our situation was not
unique; many institutions struggle to keep the CRS SSI rates
at an acceptable level. We suspect that the predominant fac-
tor underlying the high SSI rate at the start of the study was
the inability to provide all optimal preventive SSI measures
with high fidelity. The use of the bundle addressed this
issue by providing a framework for the reliable delivery of
these measures. Although we do not have robust compli-
ance data on all bundle measures to report and acknowl-
edge that further study will be needed to determine what
compliance level is needed to achieve success, audits of the
bundle program during the study period found that the
compliance approached 100% for measures that could be
tracked in the medical record, including appropriate antibi-


otic prophylaxis, the use of chlorahexidene preparation,
perioperative normothermia, and wound closure tray use.
As an example, according to Surgical Care Improvement
Project guidelines,12 antibiotic prophylaxis was adminis-
tered appropriately in all cases in the postbundle period
compared with approximately 90% in the prebundle period.
Ultimately, it was likely the additive effect of the many
bundle measures being delivered with high fidelity that
allowed the substantial drop in SSIs to be realized.


With regard to the effect of the bundle on associated
health care costs, it may be initially surprising that reduced
superficial SSIs associated with the bundle did not also
result in reduced VDCs. However, when one considers the
influence of health care cost inflation during the study
period or the complex reasons underlying the rise in health
care costs over time,37-40 it is predictable that this phenom-
enon may have veiled any cost benefit that the bundle pro-
vided. It is also possible that concurrent changes in the care
of CRS patients, unrelated to the bundle, led to a relative
increase in the cost of care in the postbundle period.
Another possibility is that the costs of the bundle negated
any cost savings provided through reduction in SSIs and
other complications; however, this seems unlikely. The
dedicated wound closure tray had a onetime capital cost of
approximately $10 000, and the costs of the other bundle
elements are almost certainly nominal in comparison with
the VDCs for a CRS admission. Therefore, based on the
widely accepted assumption that SSIs increase the costs of
care,2,4,6,7,41,42 it is reasonable to suspect that the lack of an
observed reduction in VDCs following implementation of
the bundle is largely the result of health care cost inflation
and costs associated with concurrent changes in the care of
CRS patients.


To circumvent the issues that arise in comparing costs
over time, a subgroup analysis was performed to evaluate
the costs associated with SSIs during the postbundle period.
After multivariable adjustment, a 35.5% (P = .001) increase
was seen in VDCs for the care of CRS patients who devel-
oped superficial SSIs compared with those who did not dur-
ing the postbundle period. This amounted to a marginal


Table 3. Outcomes for the ACS-NSQIP Sampled Colorectal Surgical Procedures Subdivided by the Use of the Bundle After Propensity Matchinga


Characteristic
Prebundle Period


(n = 212)
Postbundle Period


(n = 212) P Value
Superficial SSI, No. (%) 41 (19.3) 12 (5.7) <.001


Deep SSI, No. (%) 3 (1.4) 0 .25


Organ-space SSI, No. (%) 11 (5.2) 6 (2.8) .32


Wound disruption, No. (%) 5 (2.4) 3 (1.4) .72


Postoperative sepsis, No. (%) 18 (8.5) 5 (2.4) .009


Length of stay, median (Q1-Q3), d 5.5 (4-8) 5.0 (3-7) .05


30-d Readmission, No. (%) 32 (15.1) 19 (9.0) .14


Variable direct costs, median (Q1-Q3), $ 8391 (6781-11 311) 9681 (7915-11 745) .70


Abbreviations: ACS-NSQIP, American College of Surgeons National Surgical
Quality Improvement Program; Q, quartile; SSI, surgical site infection.
a Groups are propensity matched for the use of the SSI bundle, matching on the


following covariates: patient age, sex, body mass index, procedure type
(partial colectomy, low anterior resection, abdominoperineal resection, total


abdominal colectomy with vs without proctectomy, isolated proctectomy,
Hartmann-type procedure, or pelvic exenteration), laparoscopic vs open
approach, wound class, American Society of Anesthesiologists classification,
diabetes mellitus, recent chemotherapy, and recent radiation therapy.


Figure 2. Effect of Surgical Site Infections (SSIs) on Variable Direct Costs
(VDCs) and Length of Stay (LOS) After Implementation of the Bundle
Following Multivariable Adjustment


18 000


16 000


14 000


12 000


10 000


8000


6000


2000


4000


0


Va
ria


bl
e 


Di
re


ct
 C


os
ts


, $


12


10


8


6


4


2


0


Length of Stay, d


No SSIs SSIs


VDCs


LOS


Shown is the multivariable linear regression model comparing VDCs ($13 253 vs
$9779, P = .001, R2 = 0.504) and LOS (7.9 vs 4.6 days, P < .001, R2 = 0.359)
among patients in the postbundle period with vs without SSIs.


Research Original Investigation The Preventive Surgical Site Infection Bundle


1050 JAMA Surgery October 2014 Volume 149, Number 10 jamasurgery.com


Copyright 2014 American Medical Association. All rights reserved.


Downloaded From: http://archsurg.jamanetwork.com/ by a Northwestern University User  on 10/09/2015



http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2014.346





Copyright 2014 American Medical Association. All rights reserved.


VDC increase of $3474. It is less than what might be
expected based on estimates previously reported in the
literature,2,6 which have been on the order $20 000. We sus-
pect that this arises from 2 main factors. First, we have
relied on the conservative but reliable metric of VDCs, as
opposed to charges or including aspects of costs that are
fixed. Second, we have included only superficial SSIs in our
cost analysis, while other investigators have also included
deep or organ-space infections,7 which are more expensive.
Our result aligns with a body of literature26,27 arguing that
most cost estimates for SSIs and other hospital-acquired
infections are overstated for various reasons, including
those mentioned above.


Although our estimate of SSI-associated costs is low rela-
tive to previous studies,2,6 it is consequential and supports that
substantial savings may be realized by an effective SSI reduc-
tion program. In addition, our estimate does not include in-
direct costs such as those incurred from discharge with home
health services, discharge to a skilled nursing facility, oppor-
tunity costs, or long-term complications stemming from SSIs
such as incisional hernia. It is reasonable to suspect that these
indirect costs were increased in patients who developed SSIs
in this study compared with those who did not. Therefore, al-
though the cost estimate based on VDCs provides an impor-
tant reference point for quantifying the savings realized
through SSI reduction, it likely represents only a fraction of SSI-
associated costs.


Our study has several limitations. First, the cohort is spe-
cific in its focus on elective colorectal surgical procedures per-
formed at a single institution. To what extent similar results
could be obtained with the application of the bundle in other
patient populations, specialties, and institutions is uncertain.


Second, because we have focused on the effect of a bundle or
system of care with simultaneous initiation of multiple inter-
ventions, it is impossible to say which specific aspects of the
bundle were beneficial. Third, an inherent problem with stud-
ies examining outcomes during a period is that concurrent
changes in medical practice over time serve as potential con-
founders. For instance, a change in CRS practice at our institu-
tion during the study period was the advent of an enhanced re-
covery pathway (ERP),43,44 which began in 2010. The propensity
match performed in this study was intended to limit the effect
of confounding variables brought about by the ERP and other
changes in clinical practice. Nonetheless, confounding vari-
ables not included in our propensity analysis may exist. At least
with regard to lowering the SSI rate, we expect that any contri-
bution from the ERP was small because the ERP does not in-
clude specific preventive SSI measures. This is supported by the
fact that the CRS SSI rate in 2010 (a prebundle year in which the
ERP was in place) was 20.2%. In contrast, the ERP was likely a
significant confounder for length of stay and 30-day readmis-
sion. Therefore, the trends toward reduction in these out-
comes should not be solely attributed to the use of the bundle.


Conclusions
Despite these limitations, we conclude that the preventive SSI
bundle effectively reduces the SSI rate in elective CRS. Further-
more, the increased costs associated with SSIs support that the
bundle represents an effective approach to reduce health care
costs. Further study is needed to assess whether the bundle can
be effective with wider application and what level of compli-
ance with bundle measures is needed to achieve good results.
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Combined Preoperative Mechanical Bowel Preparation With
Oral Antibiotics Significantly Reduces Surgical Site Infection,


Anastomotic Leak, and Ileus After Colorectal Surgery
Ravi Pokala Kiran, MBBS, MS, FRCS, FACS, MSc (EBM), FASCRS,∗† Alice C. A. Murray, BSc, MBBS, MRCS,∗


Cody Chiuzan, PhD,† David Estrada, MD,∗ and Kenneth Forde, MD∗


Objectives: To clarify whether bowel preparation use or its individual compo-
nents [mechanical bowel preparation (MBP)/oral antibiotics] impact specific
outcomes after colorectal surgery.
Methods: National Surgical Quality Improvement Program–targeted colec-
tomy data initiated in 2012 capture information on the use/type of bowel
preparation and colorectal-specific complications. For patients undergoing
elective colorectal resection, the impact of preoperative MBP and antibiotics
(MBP+/ABX+), MBP alone (MBP+/ABX−), and no bowel preparation (no-
prep) on outcomes, particularly anastomotic leak, surgical site infection (SSI),
and ileus, were evaluated using unadjusted/adjusted logistic regression analy-
sis.
Results: Of 8442 patients, 2296 (27.2%) had no-prep, 3822 (45.3%)
MBP+/ABX−, and 2324 (27.5%) MBP+/ABX+. Baseline characteristics
were similar; however, there were marginally more patients with prior sep-
sis, ascites, steroid use, bleeding disorders, and disseminated cancer in
no-prep. MBP with or without antibiotics was associated with reduced
ileus [MBP+/ABX+: odds ratio (OR) = 0.57, 95% confidence interval
(CI): 0.48–0.68; MBP+/ABX−: OR = 0.78, 95% CI: 0.68–0.91] and SSI
[MBP+/ABX+: OR = 0.39, 95% CI: 0.32–0.48; MBP+/ABX−: OR = 0.80,
95% CI: 0.69–0.93] versus no-prep. MBP+/ABX+ was also associated with
lower anastomotic leak rate than no-prep [OR = 0.45 (95% CI: 0.32–0.64)].
On multivariable analysis, MBP with antibiotics, but not without, was inde-
pendently associated with reduced anastomotic leak (OR = 0.57, 95% CI:
0.35–0.94), SSI (OR = 0.40, 95% CI: 0.31–0.53), and postoperative ileus
(OR = 0.71, 95% CI: 0.56–0.90).
Conclusions: These data clarify the near 50-year debate whether bowel prepa-
ration improves outcomes after colorectal resection. MBP with oral antibiotics
reduces by nearly half, SSI, anastomotic leak, and ileus, the most common
and troublesome complications after colorectal surgery.


Keywords: antibiotics, bowel preparation, colorectal, outcomes


(Ann Surg 2015;262:416–425)


T he use of mechanical bowel preparation (MBP) in combination
with oral antibiotics became routine practice in the 1970s, with


Nichols’ and Condon’s1 preparation emerging as the standard preop-
erative regimen. A significant body of evidence supported its use in
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reducing the high level of postoperative septic complications asso-
ciated with colorectal surgery.2–5 Despite this evidence, there is no
longer general consensus among colorectal surgeons as to the appro-
priate use of MBP or its individual components. This is in part due to
research showing that MBP alone does not confer protection against
postoperative sepsis6–9 and may be harmful.10–12 As a result, many
have recommended that it be completely abandoned.6,9,13 Recently,
there has been renewed interest in the effects of MBP with oral antibi-
otics. There is some evidence that this combined approach in addition
to intravenous (IV) prophylaxis results in significantly improved post-
operative outcomes14–16; however, large-scale studies are lacking. In
an attempt to clarify this 50-year debate as to whether MBP or its
components improve outcomes in elective colorectal surgery, we an-
alyzed data from the American College of Surgeons 2012 National
Quality Improvement Program, looking specifically at surgical site
infection (SSI), anastomotic leak, and postoperative ileus.


METHODS
The American College of Surgeons National Surgical Quality


Improvement Program (ACS-NSQIP)–targeted colectomy data initi-
ated in 2012 were used. ACS-NSQIP collects information on more
than 150 variables, including preoperative and operative details and
30-day postoperative complications. NSQIP benefits from trained
data collectors adhering to standardized variable definitions and is
available on a large-scale, providing data from more than 400 hospi-
tals (121 in the targeted data set) across the United Sates. Full details
of ACS-NSQIP data collection have been published before.17 As of
2012, among other colorectal-specific variables, the use of preoper-
ative MBP and oral antibiotics was introduced. According to ACS
definitions, MBP does not include enemas or suppositories. NSQIP
records the use of MBP and oral antibiotics separately according to
“yes,” “no,” or “unknown,”18 All elective colorectal operations from
the targeted colectomy Participant User File (puf) were analyzed
according to Current Procedural Terminology (CPT) code (colec-
tomy: 44140,44141,44143,44144,44150,44151,44160,44204,44205,
44206,44210 and proctectomy: 44145, 44146,44147,44207,44208)
(Appendix). “Proctectomy” group included those operations with
colorectal and low pelvic anastomoses. The ACS-NSQIP–targeted
colectomy data contained information on 16,981 patients. After ex-
cluding emergency operations and patients with unknown information
on MBP or oral antibiotics, 8442 patients remained. Patients were
divided into 3 groups: (1) MBP alone (MBP+/ABX−), (2) MBP
and antibiotics (MBP+/ABX+), and (3) neither MBP nor antibiotics
(No-prep).


Endpoints
The primary endpoint was overall SSI (superficial, deep, and


organ space), with secondary endpoints including anastomotic leak,
paralytic ileus, and 30-day mortality. Standard definitions for the
variables and outcomes of interest as defined in the NSQIP database
were employed. In NSQIP, SSIs are categorized according to CDC


Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


416 | www.annalsofsurgery.com Annals of Surgery � Volume 262, Number 3, September 2015



mailto:rpk2118@cumc.columbia.edu





Annals of Surgery � Volume 262, Number 3, September 2015 Oral Antibiotic Bowel Preparation Improves Outcomes


definitions.18 Anastomotic leak is defined as any leak of endoluminal
contents through an anastomosis. This could include air, fluid, gas-
trointestinal contents, or contrast material, with the presence of an
infection/abscess thought to be related to an anastomosis, even if the
leak is not definitively identified as visualized during an operation,
or by contrast extravasation also considered a leak. Paralytic ileus is
defined as the presence of a nasogastric tube and/or the patient is nil
per os (NPO) for postoperative day 3 or more.18


Statistical Analysis
Descriptive statistics were used to summarize patients’ preop-


erative characteristics, comorbidities, and intraoperative characteris-
tics (Table 1). Continuous variables were reported as medians (in-
terquartile range) because of data skewness and compared between
groups using the Kruskal-Wallis test. Categorical variables were ex-
pressed as proportions (%) and compared between the 3 groups using
χ 2 or Fisher exact tests. All significance tests were 2-tailed with type
I error (α) set at 0.05.


Based on clinical relevance, variables were dichotomized:
American Society of Anesthesiologists score of 3 or more and body


mass index of 30 kg/m2 or more, whereas surgical approach was col-
lapsed into 2 categories (laparoscopic: laparoscopic and laparoscopic
converted to open and open: open, open planned) and prolonged oper-
ation time was defined as 180 minutes or more. Variables with more
than 90% missing data were not included in the analysis (alcohol
use/ETOH, level of residency supervision). Six percent to 7% of the
total number of observations were excluded from the multivariable
analyses (for each outcome) because of missing values for the re-
sponse or explanatory variables. It is good practice that if there are
10% or more missing values, methods for dealing with missing data
are employed, for example, multiple imputation techniques and sen-
sitivity analysis. Given the low rate of missing data in this study, it is
unlikely to change results. Univariable (unadjusted) logistic regres-
sions were used to test the significance of individual predictors (MBP
regimen, preoperative factors, operative factors, etc) for each out-
come. Finally, multivariable (adjusted) logistic regressions were fitted
to determine predictors of the primary and secondary outcomes while
controlling for other significant covariates identified on univariable
analyses. All tests used a type I error set at α 0.05. Statistical analyses
were carried out using SAS software (version 9.4, SAS Institute, Inc.,
Cary, NC).


TABLE 1. Preoperative Patient Factors According to Type of Mechanical Bowel Preparation


No Prep MBP+/ABX− MBP+/ABX+
Variable (N = 2296) (N = 3822) (N = 2324) P†
Age, median (IQR), yr 62 (52–73) 62 (52–72) 62 (52–71) 0.53
Sex (male), n (%) 1111 (48.4) 1855 (48.5) 1175 (50.6) 0.23
Race/ethnicity (white), n (%)∗ 1766 (86.9) 3093 (86.8) 2038 (90.5) <0.0001
BMI ≥ 30 kg/m2, n (%)∗ 690 (30.2) 1337 (35.2) 825 (35.5) 0.0001
Smoking, n (%) 403 (17.6) 648 (17.0) 407 (17.5) 0.78
ASA, n (%)∗


1 63 (2.7) 124 (3.2) 66 (2.8) <0.0001
2 1060 (46.2) 1921 (50.3) 1300 (56.0)
3 1050 (45.8) 1657 (43.4) 899 (38.7)
4 117 (5.1) 113 (3.0) 57 (2.5)
5 5 (0.2) 2 (0.1) 0 (0)


Functional status, n (%)∗ 0.003
Independent 2225 (97.1) 3748 (98.3) 2289 (98.8)
Partially dependent 58 (2.5) 56 (1.5) 23 (1.0)
Totally dependent 9 (0.4) 8 (0.2) 4 (0.2)


Comorbidities
Diabetes, n (%) (insulin and non-insulin) 317 (13.8) 560 (14.7) 333 (14.3) 0.66
Hypertension, n (%) 1058 (46.1) 1892 (49.5) 1057 (45.5) 0.003
Ventilator dependent, n (%) 6 (0.3) 5 (0.1) 0 (0) 0.048
History of severe COPD, n (%) 107 (4.7) 181 (4.7) 101 (4.3) 0.77
Dyspnea, n (%) 187 (8.1) 271 (7.1) 135 (5.8) 0.008
Chronic heart failure, n (%) 18 (0.8) 23 (0.6) 13 (0.6) 0.58
Ascites, n (%) 20 (0.9) 16 (0.4) 5 (0.2) 0.004
Chronic steroid use, n (%) 210 (9.1) 204 (5.3) 148 (6.4) <0.0001
Bleeding disorders, n (%) 101 (4.4) 112 (2.9) 56 (2.4) 0.003
Renal failure, n (%) 8 (0.3) 1 (0.03) 1 (0.04) 0.001
Dialysis, n (%) 18 (0.8) 17 (0.4) 5 (0.2) 0.018
Prior sepsis, n (%) 98 (4.3) 31 (0.8) 26 (1.1) <0.0001
Disseminated cancer, n (%) 176 (7.7) 176 (4.6) 94 (4.0) <0.0001
Weight loss, n (%) (>10% body weight) 94 (4.1) 130 (3.4) 76 (3.3) 0.21
Prior wound infection, n (%) 57 (2.5) 45 (1.2) 30 (1.3) 0.001
Hematocrit, median (IQR),% 38.3 (34.3–41.8) 39.3 (35.6–42.4) 40.3 (36.6–43.4) 0.001
WBC, median (IQR), ×109/L 7.1 (5.6–8.8) 6.8 (5.6–8.4) 7.0 (5.7–8.5) 0.001
Albumin, median (IQR), mg/dL 3.9 (3.5–4.3) 4.0 (3.6–4.3) 4.0 (3.7–4.4) 0.001
Creatinine, median (IQR), mg/dL 0.87 (0.71–1.0) 0.87 (0.71–1.0) 0.90 (0.76–1.0) 0.003


∗Total Ns differ because of missing information for that particular variable.
†P values generated by Kruskal-Wallis test (medians) and χ2/Fisher exact tests (proportions).
ASA indicates American Society of Anesthesiologists; BMI, body mass index; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; WBC, white


blood cell.
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RESULTS
Of 8442 patients, 2296 (27.2%) had no-prep, 3822 (45.3%)


MBP+/ABX−, and 2324 (27.5%) MBP+/ABX+. Patients in all 3
groups were comparable for age (median 62 years, P = 0.53) and sex
(48.4% male, 48.5% and 50.6%, P = 0.23). There were more white
patients in the group with MBP and antibiotics (MBP+/ABX+) and
MBP with no antibiotics (MBP+/ABX−) than those in the no-prep
group (90.5% vs 86.8% vs 90.5%; P < 0.0001). A greater propor-
tion of patients in the no-prep group (51%) than in MBP+/ABX−
(46.4%) or MBP+/ABX+ (41.1%) (P < 0.0001) had patients with
American Society of Anesthesiologists class 3 or more. Obese pa-
tients were more common in the groups prescribed MBP than in the
no-prep group (35.2% vs 30.2%; P = 0.0001). There was no statis-
tically significant difference in the proportion of smokers (P = 0.8)
(Table 1).


Patient groups were similar with respect to frequency of di-
abetes, heart failure, chronic obstructive pulmonary disease, and
weight loss (P > 0.05). MBP+/ABX+ group had fewer patients
with ascites, bleeding disorders, hypertension, and disseminated can-
cer than the MBP+/ABX− and no-prep groups (0.2% vs 0.4% vs
0.9%, P = 0.004; 2.4% vs 2.9% vs 4.4%, P = 0.003; 45.5%, 49.5%,
46.1%, P = 0.003 and 4.0%, 4.6%, 7.7%, P < 0.0001). More patients
in the no-prep and MBP+/ABX+ groups had a history of chronic
steroid use than MBP+/ABX− patients (9.2% and 6.4% vs 5.3%,
P < 0.0001). The rate of prior sepsis was higher in patients with no
prep and then MBP+/ABX+ over MBP+/ABX− (4.3%, 1.1%, and
0.8%; P < 0.0001) (Table 1).


Prolonged operative time (≥ 180 minutes) was more common
in MBP+/ABX+ and MBP+/ABX− groups than in no-prep group
(41.7% vs 41.4% vs 38.4%, P = 0.032). The rates of laparoscopic
surgery were higher in patients who had any MBP versus patients
with no prep (72.3% vs 60.5%, P < 0.0001). More patients in the
no-prep group (1.9%) had received a transfusion in the 72 hours pre-
operatively than either the MBP+/ABX− (1.0%) or MBP+/ABX+
(0.5%) groups (P = 0.001), and more colectomies versus rectal re-
sections were performed on patients without preparation (75.7% vs
74.0% and 66.9%, P = 0.001) (Table 2).


Outcomes
The overall SSI rate (any superficial, deep, or organ space


infection) was higher in the no-prep and MBP+/ABX− groups than
in the MBP+/ABX+ groups (14.7% vs 12.1% vs 6.2%, P < 0.0001).
There was also a higher rate of postoperative ileus in the no-prep and
MBP+/ABX− groups than in the MBP+/ABX+ group (15.1% vs
12.3% vs 9.2%, P < 0.0001). The rates of anastomotic leak and 30-
day mortality also differed significantly and followed the same pattern
(no-prep 4.6% vs MBP+/ABX− 3.5% vs MBP+/ABX+ 2.1%, P
< 0.0001 and 1.6% vs 0.6% vs 0.3%, P < 0.0001) (Fig. 1). With
all measured 30-day colorectal specific outcomes, MBP+/ABX+


had the lowest rate compared with the other 2 groups, and this was
statistically significant throughout (Table 3).


Comparison of other medical and surgical complications was
also mostly favorable for MBP+/ABX+ (Table 3).


On univariable analyses, patients who were given
MBP+/ABX+ had reduced odds of an SSI compared with patients
who had no bowel preparation at all, and this was statistically signif-
icant [odds ratio (OR) = 0.39, 95% confidence interval (CI): 0.32–
0.48]. MBP+/ABX− also conferred protection against developing
SSI, although the association was not as strong (OR = 0.80, 95% CI:
0.69–0.93). Postoperative ileus was less likely in both MBP groups
regardless of the addition of antibiotics than in patients who had
no preparation at all (MBP+/ABX+: OR = 0.57, 95% CI: 0.48–
0.68 and MBP+/ABX−: OR = 0.78, 95% CI: 0.68–0.91), although
MBP+/ABX+ showed a greater association. Anastomotic leak was
less likely to occur in patients who had MBP+/ABX+ than in the no-
prep group (OR = 0.45, 95% CI: 0.32–0.64), and this was borderline
in patients who had MBP without antibiotics (OR = 0.77, 95% CI:
0.59–0.99) (Tables 4–6).


On multivariable analyses adjusting for all preoperative and
operative factors that were statistically significantly different (P <
0.05) between the 3 groups, MBP with antibiotics (MBP+/ABX+),
but not without antibiotics, was independently associated with re-
duced SSI (OR = 0.40, 95% CI: 0.31–0.53), anastomotic leak (OR =
0.57, 95% CI: 0.35–0.94), and postoperative ileus (OR = 0.71, 95%
CI: 0.56–0.90) compared with patients who had no MBP at all.


The odds of developing an SSI were reduced in both MBP
groups regardless of antibiotics on univariable analysis; however, the
effect reached statistical significance only on multivariable analy-
sis for the MBP+/ABX + group. Other factors found to indepen-
dently affect the odds of developing an SSI were body mass index of


FIGURE 1. Postoperative complications according to type of
bowel preparation. ∗Statistical significance, P < 0.0001.


TABLE 2. Operative Factors According to Type of Mechanical Bowel Preparation


No Prep MBP+/ABX− MBP+/ABX+
Variable (N = 2296) (N = 3822) (N = 2324) P∗


Work relative value units, median (IQR) 26.4 (22.6–28.6) 26.4 (23.0–30.1) 26.4 (22.9–28.9) 0.89
Total operation time (≥180 min), n (%) 881 (38.4) 1584 (41.4) 968 (41.7) 0.032
Transfusion 72 hr before surgery, n (%) 44 (1.9) 39 (1.0) 12 (0.5) <0.001
Laparoscopic surgery, n (%) 1389 (60.5) 2723 (71.2) 1720 (74.0) <0.0001
Colon vs rectum, n (%) 1737 (75.7) 2554 (66.8) 1719 (74.0) 0.001


∗P values generated by Kruskal-Wallis test (medians) and χ2/Fisher exact tests (proportions).
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TABLE 3. Thirty-day Outcomes According to Type of Mechanical Bowel Preparation


No Prep MBP+/ABX− MBP+/ABX+
Variable (N = 2296) (N = 3822) (N = 2324) P†
SSI (superficial/deep/organ space), n (%) 337 (14.7) 462 (12.1) 145 (6.2) <0.0001
Development of ileus, n (%)∗ 344 (15.1) 467 (12.3) 214 (9.2) <0.0001
Anastomotic leak, n (%)∗ 104 (4.6) 135 (3.5) 49 (2.1) <0.0001
30-day mortality, n (%) 37 (1.6) 23 (0.6) 8 (0.3) <0.0001
Superficial site infection, n (%) 190 (8.3) 268 (7.0) 81 (3.5) <0.0001
Deep SSI, n (%) 33 (1.4) 52 (1.4) 15 (0.6) 0.018
Organ space SSI, n (%) 130 (5.7) 160 (4.2) 57 (2.5) <0.0001
Wound disruption, n (%) 25 (1.1) 39 (1.0) 13 (0.6) 0.11
Pneumonia, n (%) 52 (2.3) 60 (1.6) 32 (1.4) 0.045
Unplanned reintubation, n (%) 39 (1.7) 48 (1.3) 19 (0.8) 0.027
PE, n (%) 10 (0.4) 20 (0.5) 15 (0.6) 0.61
Failure to wean, n (%) 46 (2.0) 44 (1.2) 18 (0.8) 0.001
Renal insufficiency, n (%) 9 (0.4) 18 (0.5) 12 (0.5) 0.82
Acute renal failure, n (%) 15 (0.7) 17 (0.4) 9 (0.4) 0.38
UTI, n (%) 65 (2.8) 107 (2.8) 65 (2.8) 1.00
CVA and neuro deficit, n (%) 4 (0.2) 6 (0.2) 3 (0.1) 0.92
Cardiac arrest, n (%) 12 (0.5) 11 (0.3) 6 (0.3) 0.22
MI, n (%) 13 (0.6) 23 (0.6) 8 (0.3) 0.37
Bleeding, n (%) 240 (10.5) 281 (7.4) 138 (5.9) <0.0001
DVT, n (%) 32 (1.4) 31 (0.8) 33 (1.4) 0.036
Sepsis, n (%) 100 (4.4) 106 (2.8) 53 (2.3) <0.0001
Septic shock, n (%) 39 (1.7) 41 (1.1) 14 (0.6) 0.002
Return to OR, n (%) 120 (5.2) 175 (4.6) 77 (3.3) 0.005
Any readmission, n (%) 275 (12) 356 (9.3) 187 (8.0) <0.0001


∗Total Ns differ because of missing information for that particular variable.
†P values generated by χ2/Fisher exact tests (proportions).
CVA indicates cerebrovascular accident; DVT, deep vein thrombosis; MI, myocardial infarction; OR, operating room; PE, pulmonary embolism; UTI, urinary tract


infection.


TABLE 4. Univariable and Multivariable Logistic Regression Analyses to Identify Factors Associated With Any Surgical Site
Infection (Superficial/Deep/Organ)


Univariable Logistic Multivariable Logistic


Variable OR (95% CI) P Adjusted OR (95% CI) P


Mechanical bowel preparation <0.0001 <0.0001
MBP+/ABX+ 0.39 (0.32–0.48) <0.0001 0.40 (0.31–0.53) <0.0001
MBP+/ABX− No prep/ABX− (reference) 0.80 (0.69–0.93) 0.004 0.88 (0.72–1.09) 0.25


Race/ethnicity (white) 1.09 (0.87–1.36) 0.45 1.02 (0.77–1.34) 0.91
BMI (≥ 30) 1.73 (1.51–1.98) <0.0001 1.66 (1.37–2.00) <0.0001
ASA (≥ 3) 1.49 (1.30–1.71) <0.0001 1.21 (0.99–1.48) 0.064
Functional status 0.60 0.49


Partially dependent 0.76 (0.42–1.38) 0.36 0.87 (0.43–1.75) 0.69
Totally dependent 1.32 (0.39–4.48) 0.66 0.30 (0.04–2.42) 0.26
Independent (reference)


Hypertension 1.05 (0.92–1.21) 0.45 0.91 (0.75–1.11) 0.35
Dyspnea 1.18 (0.92–1.52) 0.19 0.99 (0.72–1.39) 0.99
Ascites 0.86 (0.31–2.41) 0.77 0.41 (0.12–1.42) 0.16
Steroid use 1.48 (1.16–1.88) 0.001 1.31 (0.96–1.79) 0.089
Bleeding disorder 1.08 (0.74–1.56) 0.71 0.95 (0.59–1.52) 0.82
Disseminated cancer 1.54 (1.19–2.01) 0.001 1.20 (0.87–1.67) 0.26
Transfusion 0.94 (0.48–1.81) 0.84 0.83 (0.36–1.89) 0.65
Prior sepsis 1.25 (0.79–1.99) 0.35 0.99 (0.53–1.89) 0.99
Prior wound infection 1.88 (1.21–2.92) 0.005 1.03 (0.55–1.93) 0.94
Hematocrit 0.99 (0.98–1.01) 0.39 1.02 (1.00–1.04) 0.091
WBC × 109/L 1.04 (1.02–1.06) 0.001 1.03 (1.00–1.06) 0.050
Creatinine, mg/dL 0.98 (0.85–1.13) 0.74 0.95 (0.78–1.15) 0.57
Albumin, mg/dL 0.74 (0.64–0.84) <0.0001 0.81 (0.68–0.97) 0.019
Laparoscopy 0.51 (0.45–0.59) <0.0001 0.54 (0.45–0.65) <0.0001
Colon vs rectum 0.79 (0.69–0.92) 0.002 0.75 (0.62–0.91) 0.004
Total operation time (≥180 min) 1.68 (1.47–1.92) <0.001 1.56 (1.30–1.88) <0.0001


ASA indicates American Society of Anesthesiologists; BMI, body mass index; WBC, white blood cell.
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TABLE 5. Univariable and Multivariable Logistic Regression Analysis to Identify Factors Associated With Developing
Anastomotic Leak


Univariable Logistic Multivariable Logistic


Variable OR (95% CI) P Adjusted OR (95% CI) P


Mechanical bowel preparation <0.0001 0.026
MBP+/ABX+ 0.45 (0.32–0.64) <0.0001 0.57 (0.35–0.94) 0.026
MBP+/ABX− 0.77 (0.59–0.99) 0.049 1.05 (0.72–1.54) 0.79
No prep/ABX− (reference)


Race/ethnicity (white) 1.16 (0.77–1.73) 0.48 1.33 (0.76–2.35) 0.32
BMI (≥30 kg/m2) 1.20 (0.94–1.54) 0.13 1.11 (0.78–1.58) 0.55
ASA (≥3) 1.23 (0.97–1.55) 0.090 1.20 (0.83–1.74) 0.32
Functional Status 0.89 0.77


Partially dependent 0.87 (0.32–2.36) 0.78 0.70 (0.16–3.00) 0.63
Totally dependent 1.48 (0.20–11.09) 0.70 1.80 (0.21–15.69) 0.59
Independent (reference)


Hypertension 0.91 (0.72–1.15) 0.44 0.84 (0.59–1.19) 0.33
Dyspnea 1.10 (0.71–1.71) 0.68 1.48 (0.86–2.54) 0.15
Prior sepsis 1.18 (0.52–2.69) 0.70 1.05 (0.32–3.39) 0.93
Ascites N/A∗ N/A N/A N/A
Steroid use 0.99 (0.62–1.59) 0.96 1.13 (0.62–2.06) 0.68
Bleeding disorder 1.22 (0.66–2.25) 0.53 0.92 (0.39–2.17) 0.84
Disseminated cancer 1.21 (0.74–1.97) 0.45 1.23 (0.69–2.20) 0.50
Transfusion 0.62 (0.15–2.55) 0.51 N/A
Prior wound infection 1.61 (0.74–3.47) 0.23 1.22 (0.42–3.54) 0.71
Laparoscopic 0.63 (0.50–0.80) 0.002 0.67 (0.47–0.95) 0.024
Hematocrit, % 1.02 (0.99–1.04) 0.15 1.04 (1.01–1.08) 0.018
WBC, ×109/L 1.04 (1.00–1.07) 0.034 1.02 (0.97–1.07) 0.51
Creatinine, mg/dL 1.04 (0.84–1.29) 0.71 1.25 (0.99–1.58) 0.064
Albumin, mg/dL 0.87 (0.68–1.12) 0.27 0.85 (0.61–1.17) 0.31
Colon vs rectum 0.67 (0.52–0.85) 0.001 0.61 (0.43–0.87) 0.006
Total operation time (≥180 min) 1.61 (1.27–2.04) <0.001 1.63 (1.16–2.30) 0.005


∗N/A: Predictor not tested in uni-/multivariable model because of low frequencies.
BMI indicates body mass index; WBC, white blood cell.


30 kg/m2 or more (OR = 1.66, 95% CI: 1.37–2.00), albumin lev-
els (OR = 0.81, 95% CI: 0.68–0.97 per g/dL increase), colectomy
(OR = 0.75, 95% CI: 0.62–0.91), and laparoscopic surgery (OR =
0.54, 95% CI: 0.45–0.65).


The odds of developing postoperative ileus on multivariable
analyses were also affected by race (white vs nonwhite; OR = 1.41,
95% CI: 1.06–1.88), disseminated cancer (OR = 1.54, 95% CI: 1.15–
2.06), preoperative creatinine (OR = 1.21, 95% CI: 1.05–1.39), to-
tal operation time (≥180 min) (OR = 1.62, 95% CI: 1.36–1.95)
and operative approach, with laparoscopic surgery showing benefit
(OR = 0.46, 95% CI: 0.38–0.55).


DISCUSSION
Direct comparisons of the effects of full MBP in comparison


with no bowel preparation on a range of colectomy-specific postop-
erative complications are lacking. Although current data suggest that
there may be significant benefit,8,14–16,19,20,21 the evidence is not con-
clusive. Such clarification may ideally be obtained from a randomized
controlled trial; however, this is constrained by resources and time.
The ACS-NSQIP recently modified data collection so as to include
colectomy-specific variables such as the use of MBP and oral an-
tibiotics and additional 30-day outcomes including anastomotic leak
and postoperative ileus. Because standardized data are obtained by
trained abstractors and available from more than 100 participating
hospitals, results obtained from analysis of the collected information
are reproducible and generalizable. The aim of this study was hence
to evaluate whether MBP alone or in combination with antibiotics re-
duces SSI while impacting other colorectal-specific outcomes using


the ACS-NSQIP–targeted colectomy data. Our results suggest that pa-
tients receiving combined MBP and oral antibiotics (MBP+/ABX+)
before elective colorectal resection have significantly improved out-
comes when compared with patients who receive MBP without oral
antibiotics (MBP+/ABX−) and when compared with those without
any bowel preparation before surgery. Outcomes that were improved
included overall SSI, postoperative ileus, anastomotic leak, and 30-
day mortality.


Whether any bowel preparation at all, antibiotics alone, or
MBP combined with oral antibiotics should be used has long been
a matter of debate. A convincing body of evidence suggests that
MBP alone does not exert any beneficial effects on postoperative
outcomes and, in some cases, causes harm.12,22–25 Thus, many rec-
ommend that it be completely abandoned.6,7,13,23 However, MBP has
continued to be prescribed by a majority of surgeons, both with and
without oral antibiotics.26 This may be due to such other perceived
benefits as easier bowel handling, better ability to palpate small tu-
mors and polyps with facilitation of on-table endoscopy27 and also
because consistent guidelines supported by robust evidence are not
available. It seems logical that to have maximal effect on colonic
bacterial concentration and thus a beneficial effect on postopera-
tive infectious complications, the use of nonabsorbable antibiotics
should follow MBP.28 Nichols et al29 showed that neomycin and ery-
thromycin given the day before surgery significantly reduced fecal
aerobic and anaerobic bacteria. The same group also found that me-
chanical bowel cleansing had the effect of increasing the concentra-
tion of intraluminal erythromycin.30 Others have similarly suggested
that MBP with oral and IV antibiotics combined have the greatest
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TABLE 6. Univariable and Multivariable Logistic Regression Analyses to Identify Factors Associated With Developing
Ileus


Univariable Logistic Multivariable Logistic


Variable OR (95% CI) P Adjusted OR (95% CI) P


Mechanical bowel preparation <0.0001 0.012
MBP+/ABX+ 0.57 (0.48–0.68) <0.0001 0.71 (0.56–0.90) 0.005
MBP+/ABX− 0.78 (0.68–0.91) 0.002 0.95 (0.77–1.16) 0.59
No prep/ABX (reference)


Race/ethnicity (white) 1.19 (0.95–1.48) 0.08 1.41 (1.06–1.88) 0.018
BMI (≥30 kg/m2) 1.09 (0.95–1.24) 0.28 1.00 (0.83–1.21) 0.97
ASA score (≥3) 1.52 (1.33–1.73) <0.0001 1.21 (1.00–1.47) 0.051
Functional status 0.005 0.56


Partially dependent 1.95 (1.28–2.97) 0.002 1.19 (0.66–2.14) 0.57
Totally dependent 1.83 (0.61–5.48) 0.28 0.48 (0.10–2.35) 0.37
Independent (reference)


Hypertension 1.17 (1.03–1.34) 0.02 0.92 (0.77–1.11) 0.36
Dyspnea 1.49 (1.19–1.88) 0.001 1.25 (0.93–1.68) 0.14
Ascites 3.37 (1.74–6.53) 0.003 1.48 (0.67–3.28) 0.34
Steroid use 1.19 (0.93–1.53) 0.16 1.09 (0.80–1.49) 0.57
Bleeding disorder 1.24 (0.87–1.75) 0.23 0.93 (0.60–1.45) 0.75
Disseminated cancer 2.24 (1.78–2.83) <0.0001 1.54 (1.15–2.06) 0.003
Transfusion 1.43 (0.82–2.49) 0.21 0.96 (0.46–1.98) 0.90
Prior wound infection 2.08 (1.37–3.15) 0.001 1.06 (0.60–1.87) 0.84
Prior sepsis 2.23 (1.51–3.29) <0.0001 1.52 (0.87–2.65) 0.14
Laparoscopic 0.41 (0.36–0.46) <0.0001 0.46 (0.38–0.55) <0.0001
Hematocrit,% 0.97 (0.96–0.98) <0.0001 1.01 (0.99–1.02) 0.61
WBC, ×109/L 1.04 (1.02–1.06) 0.001 1.01 (0.98–1.04) 0.51
Creatinine, mg/dL 1.21 (1.09–1.34) 0.002 1.21 (1.05–1.39) 0.010
Albumin, mg/dL 0.71 (0.62–0.81) <0.0001 0.86 (0.73–1.01) 0.072
Colon vs rectum 1.03 (0.89–1.19) 0.71 1.02 (0.84–1.24) 0.84
Total operation time (≥180 min) 1.58 (1.39–1.80) <0.001 1.62 (1.36–1.95) <0.0001


ASA indicates American Society of Anesthesiologists; BMI, body mass index.


quantitative and qualitative effect on suppressing mucosal-associated
flora.31


There are very few data examining the use of oral antibiotics
without mechanical cleansing. A recent VA study showed that the use
of oral antibiotics without MBP had a beneficial effect on SSI when
compared with no bowel preparation at all and was associated with
similar rates of infection as MBP+/ABX+; however, the numbers
of patients receiving antibiotics alone were very small (7%).21 In a
recent Michigan Surgical Quality Collaborative (MSQC) study, so
few surgeons prescribed oral antibiotics without MBP that efficacy
could not be analyzed.20 However, the VA study is a retrospective
study reliant on pharmacological data to identify those patients who
were prescribed, but not necessarily given, oral antibiotics and MBP.
Both VA and MSQC studies involved a selected group of hospitals
according to geography and payment, respectively, which may restrict
their generalizability.


Meta-analyses supporting the use of oral antibiotics and MBP
have, to date, consisted mainly of smaller trials with most studies
including 100 patients or less.14,15 Although an additional analysis of
only those few larger trials of more than 100 patients confirmed those
findings.32 Furthermore, the currently available literature pertaining
to the use of MBP and antibiotics focuses heavily on SSI, with data
on other colectomy-specific outcomes lacking.


ACS-NSQIP is a large data source, across different hospital
settings, with accurate MBP inclusion criteria and numerous rigidly
defined postoperative outcomes. This provides a unique opportunity
to clarify the debate concerning the optimum preoperative prepara-
tory regimen. A recent NSQIP analysis of all colectomy patients in
2012 published since the time of submission of our results showed
that in addition to improving SSI, readmission and length of stay were


significantly lower in patients given oral antibiotics and MBP than
those in patients given MBP alone.33 An additional new NSQIP study
showed reduced rates of anastomotic leak.34 For the purpose of this
study, we chose to evaluate all such important colorectal specific out-
comes including overall SSI, postoperative ileus, anastomotic leak,
and 30-day mortality because these major or common complications
are equally, or more, problematic than SSI for patients undergoing
colorectal surgery. The results suggested that MBP with the addi-
tion of oral antibiotics produces the lowest rate of postoperative ileus
when compared with no-prep or MBP+/ABX− groups. When adjust-
ing for potential confounders, the addition of oral antibiotics to MBP,
but not without, was independently associated with reduced odds of
postoperative ileus. This is in conflict with Enhanced Recovery After
Surgery recommendations to avoid routine use of MBP for speedier
return of bowel function, but it has been reported elsewhere.19,33 In
this cohort, the unadjusted anastomotic leak rate was also reduced
by both MBP+/ABX− and MBP+/ABX+. However, the beneficial
effect of MBP+/ABX+ on anastomotic leak was maintained on mul-
tivariable analysis, whereas it was not with MBP+/ABX−. The effect
of antibiotics on leak rate may be explained by fewer clinically evident
events as opposed to actual leaks due to reduced intra-abdominal bac-
terial burden and less subsequent contamination after leakage. Slim
et al conducted a systematic review which showed that there was no
difference in anastomotic leak rate with MBP alone, but there was
a suggestion of reduced abscess formation in patients who received
oral antibiotics with MBP.6 We also found a significant reduction
in overall 30-day mortality with MBP+/ABX+ compared with both
no prep and MBP alone, which was maintained on multivariable
analysis. This is likely due to the generalized reduction in septic
complications.
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With regard to SSI, our results showed that MBP with oral
antibiotics reduces SSI when compared with MBP alone or no-prep
consistent with previous studies. A number of randomized controlled
trials have demonstrated clear benefit to MBP and combined oral
prophylaxis in reducing surgical wound infection.2,35–39 A 43% de-
crease in postoperative surgical wound infections was observed in a
recent meta-analysis when MBP and nonabsorbable oral antibiotics
were combined with IV prophylaxis compared with IV alone.14 This
supported a previous Cochrane collaboration review demonstrating
a 44% surgical wound infection risk reduction with absorbable or
nonabsorbable oral antibiotics and MBP.15 The MSQC has also pub-
lished a series of retrospective studies, consistent with our findings,
showing a reduction in SSI with MBP+/ABX+ and as such recom-
mend full bowel preparation for all eligible elective colorectal surgery
patients.19,20


The results of this study suggest that although MBP alone
does not confer any benefit in colorectal surgery, bowel preparation
that combines MBP with oral antibiotics has significant advantages
in reducing SSIs, anastomotic leak, postoperative ileus, and 30-day
mortality. Although the strengths of this study lie in its large numbers,
inclusion of patients from multiple institutions, use of standardized
definitions, availability of colorectal specific outcomes data, and de-
tailed patient and operative factors that allow for the control of various
confounders, potential limitations need to be discussed. As with any
retrospective analysis, some degree of error in potential miscoding or
misclassification may be expected. However, NSQIP has been shown
to be both accurate and an improvement on data collected for the
purpose of administrative databases.40,41 Although our analysis at-
tempted to control for differences that could directly be measured,
there may potentially be other sources of confounding that are not
accounted for in the data. The groups are significantly different re-
garding some preoperative comorbidities and patient characteristics.
It is clear that certain patients are less likely to receive MBP at all, for
example, those with preoperative renal failure (0.4% no prep vs 0.03%
MBP). This could be explained by surgeon concerns over dehydration
and subsequent renal injury as a result of significant gastrointestinal
tract fluid losses. However, despite these differences in the patient
characteristics of each group, after adjustment, the benefits of MBP
remain. The decision to prescribe MBP preoperatively should con-
tinue to be made on a patient-specific basis. However, whether the
different prescribing practices are surgeon’s choice due to patient’s
condition or due to local guidelines is not possible to determine from
the data. There is a lack of information regarding the type of MBP
given, quality of resulting preparation, and the specific oral antibi-
otics used. In addition, whether or not patients received IV systemic
antibiotics at induction is not included; however, in accordance with
evidence that 96% of US hospitals adhere to the Joint Commission’s
Surgical Care Improvement Program (SCIP) Inf-1 (prophylactic an-
tibiotic received within 1 hour before surgical incision) guideline, we
propose that the majority of patients did.42 Although we were unable
to evaluate Clostridium difficile rates, a recent study by the MSQC
has shown that C. difficile rates are unaffected by oral antibiotics
and MBP. In fact, there is a suggestion that as MBP+/ABX+ re-
duces infectious complications, and hence the need for postoperative
antibiotics, it may be beneficial.20


A final comment regarding our methodology: We utilized mul-
tivariable analysis as a statistical tool to adjust for all potential con-
founding variables. A large proportion of statistical studies have been
devoted to the comparison of propensity score methods to adjusted
analysis. Rosenbaum and Rubin showed that the estimate effects from
the 2 methods are similar and lead to the same conclusions.43 This
study compares 3 groups: no prep, MBP/antibiotics, and MBP/no
antibiotics. In this situation, propensity score matching would need
to cover multivalued arms and extend the well-known technique for


only 2 arms. Besides the challenging methodological aspects (use
of multinomial logit), this approach would considerably reduce the
number of observations used in the analysis with no real advantage
as compared with the adjusted (multivariable) method.


CONCLUSIONS
The findings of this study support the universal adoption of a


simple preoperative bowel preparation regimen that combines MBP
and oral antibiotics before elective colorectal resection because this
significantly reduces postoperative SSI, paralytic ileus, anastomotic
leak, and 30-day mortality; however, a well-designed multicenter
randomized controlled trial would be required to settle the debate.
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APPENDIX


CPT Codes Included With Name of Procedure and
Grouping


Group:
CPT Colectomy/
Code Name of Procedure Proctectomy


44140 Colectomy, partial; with anastomosis Colectomy
44141 Colectomy, partial; with skin level cecostomy or


colostomy
Colectomy


44143 Colectomy, partial; with end colostomy and
closure of distal segment (Hartmann-type
procedure)


Colectomy


44144 Colectomy, partial; with resection, with
colostomy or ileostomy and creation of
mucous fistula


Colectomy


44145 Colectomy, partial; with coloproctostomy (low
pelvic anastomosis)


Proctectomy


44146 Colectomy, partial; with coloproctostomy (low
pelvic anastomosis), with colostomy


Proctectomy


44147 Colectomy, partial; abdominal and transanal
approach


Proctectomy


44150 Colectomy, total; abdominal, without
proctectomy; with ileostomy or
ileoproctostomy


Colectomy


44151 Colectomy, total; abdominal, without
proctectomy; with continent ileostomy


Colectomy


44160 Colectomy, partial; with removal of terminal
ileum with ileocolostomy


Colectomy


44204 Laparoscopy, surgical; colectomy, partial, with
anastomosis


Colectomy


44205 Laparoscopy, surgical; colectomy, partial, with
removal of terminal ileum with ileocolostomy


Colectomy


44206 Laparoscopy, surgical; colectomy, partial, with
end colostomy and closure of distal segment
(Hartmann-type procedure)


Colectomy


44207 Laparoscopy, surgical; colectomy, partial, with
anastomosis, with coloproctostomy (low
pelvic anastomosis)


Proctectomy


44208 Laparoscopy, surgical; colectomy, partial, with
anastomosis, with coloproctostomy (low
pelvic anastomosis) with colostomy


Proctectomy


44210 Laparoscopy, surgical; colectomy, total,
abdominal, without proctectomy, with
ileostomy or ileoproctostomy


Colectomy


DISCUSSANTS


H. Nelson (Rochester, MN): I Have No Disclosures
Patients, practitioners, and payers want to reduce rates of sur-


gical site infection, anastomotic leak, and ileus, and we would all like
to put to rest the role of mechanical bowel preparation and antibiotics
in accomplishing these goals.


After 50 years of investigation, well-powered randomized tri-
als, 836 publications, Cochrane reviews, and Agency for Healthcare
Research and Quality analyses, we still cannot achieve agreement on
this subject.


In part, this may be explained by the continued evolution of
the bowel preparation question from early assessments of wound
and anastomotic infections to recent assessments of ileus, length of
stay, Clostridium difficile infections, and incorporation of practice
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changes, including laparoscopic surgery and enhanced recovery pro-
grams.


To your credit, Dr Kiran, your study includes key endpoints,
except for C. difficile, and your study examines the role of oral an-
tibiotics in addition to studying mechanical preparation versus no
preparation. Additional strengths are the large size and the real-world
nature of the investigation. Despite these strengths, I cannot imagine
that this study will satisfy everyone as the definitive word.


Because you and your colleagues are considering your results
as definitive and are proposing universal adoption of the practice of
mechanical preparation with antibiotics, I hope you will consider con-
ducting a longitudinal National Surgical Quality Improvement Pro-
gram outcomes study to validate your recommendations. If statewide
implementation demonstrates improvements in outcomes, we will be
compelled to follow your lead.


In the meantime, critics on the other side of this argument
will be concerned about the limitations of your retrospective study
design, including the fact that the 3 populations are not comparable.
The no-preparation group had more patients with prior sepsis, ascites,
steroid use, bleeding disorders, nonwhite race, and disseminated can-
cer, American Society of Anesthesiologists classification of greater
than 3, and fewer laparoscopic resections. As well, you report that
the odds of developing a postoperative ileus were adversely affected
by nonwhite race, American Society of Anesthesiologists classifica-
tion of greater than 3, prior sepsis, disseminated cancer, and an open
approach.


One question I have for you regarding your thoughts on what
constitutes the basis for these significant selection biases. Were there
opportunities to manage these major differences statistically?


Also, you mention that you excluded from analysis variables
that had more than 50% missing values. Can you please comment on
the general completeness of the data?


Finally, just as the study question has evolved from a focus on
wound and anastomotic infections to incorporation of other endpoints
and practices, is it time to evolve the question in a different direction?
If we have not resolved this issue over the past 50 years using clinical
research approaches, is it time to answer the question differently using
microbial sequencing technologies to probe biologic underpinnings
or use big data approaches to understand the discrepancies in results?


Response From R.P. Kiran:
I agree that the management of colorectal resection as it re-


lates to bowel preparation has evolved over time, and we are sort of
reinventing the wheel from the 1970s.


I think some of the controversies as these relate to bowel prepa-
ration are that medicine and surgery have evolved in the ‘80s and ‘90s,
perioperative intravenous antibiotic use became routine, and the SCIP
guidelines that subsequently came on more universally compelled all
of us to judiciously use antibiotics. Because such measures impinge
on surgical site infections, this might have led to some confusion as
to whether or not to use bowel preparation and which combination to
choose. Furthermore, data relating to potential complications associ-
ated with the mechanical cleansing portion of the preparation might
have led to several of us not using it any longer.


With regard to your question specific to the differences be-
tween the groups, multivariate analysis attempted to account for the
differences between the groups, for patients, and intraoperative char-
acteristics, and despite controlling for these, the differences continue
to persist. Previous studies from the MSQC have done a propensity-
based matched analysis and showed similar findings.


With regard to missing data, we excluded all patients who did
not have information about the use of mechanical bowel preparation
or oral antibiotics or otherwise.


With regard to the overall completeness of the data for the
patients who were included, the overall percentage of missing data
in the predictors or outcome was less than 10%; given the small
percentage, it is very unlikely that the results would change if we
were to use others methods as multiple imputation techniques.


Finally, relating to your final thoughts about microbial sequenc-
ing and profiling of patients and using big data to answer questions,
I think this is true for a lot of the unexplained questions in surgery at
large and in colorectal surgery. I’m sure that we would in the future
have ways of defining personal risks of patients and be able to target
treatments accordingly.


H. Polk (Louisville, KY):
I wanted to direct my first comment to the program committees


who keep turning up these massive, aggregate databases on our pro-
gram. They are, to some degree, flawed. We all know about having too
small patients. As Dave Richardson said a couple of years ago, taking
about this, “When your denominators get into the tens or hundreds of
thousands, everything becomes significant.”


We need an adjustment for large numbers, like such age reduc-
tion for small numbers. It leads to this sort of thing, what is true and
what is clinically relevant?


I think the person who would have enjoyed this talk most is
Bob Condon, of course, who is not with us. This is his theme, his
lifetime work, and something he believed in more than anyone. I was
particularly pleased to see that you referenced what I’ve always used as
the best analysis of the role of combined systemic and oral antibiotics,
and when did it really matter? There’s a wonderful paper from Dr
Arthur Localio’s service at NYU, with Gene Coppa and John Ranson
as coauthors, and showed that anastomoses of the extraperitoneal
rectum did benefit from both systemic and local antibiotics and a
bowel prep.


I also had a little bit of trouble, as did Dr Nelson, to some ex-
clusion of the place you took down a murderer’s row of complications
and said you put them off to the side, sepsis, ascites, steroids, bleed-
ing, disseminated cancer. I didn’t know which pocket they ended up
in.


Finally, I would remind people to get over the need once in a
while to do things. The only place you can sterilize a colon is in an
autoclave.


Second, the point that systemic antibiotics, which you made
reference to here, is the backbone of what people use here, it’s still
amazing that exactly a quarter of those patients get a wrong drug that
won’t get into the wound and still a third of the patients have them
going for several days. This problem, I think, rather than being solved,
is going to continue to be discussed.


Response From R.P. Kiran:
Thank you, Dr Polk, for those comments. With regard to your


question about the differences between the groups for the various
characteristics and the complications, all of these were controlled for
in the analysis, but I do recognize that despite our best efforts, there
are likely still potential confounders, both known and unknown, that
may not have been corrected for.


Regardless, though, similar to the initial results that came out
with laparoscopy, where a lot of the benefits were attributed to the
selection of patients, these data clearly show that the use of the com-
bined mechanical cleansing with oral antibiotic preparations before
colorectal resection is associated with good outcomes. In particular,
in a good risk patient, combined bowel preparation is certainly worth
using because it reduced the most common complications by almost
50%. Of course, one of the problems of this study is that we were
unable to look for such complications as C. difficile infection, which
antibiotics may themselves potentiate. Also, we were not able to
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really assess how many of these patients were compliant with the
bowel preparation.


D. Fry (Chicago, IL):
I will declare Merck, Carefusion, IrriMax Corporation, and


Ethicon as potential, albeit remote, conflicts for my comments.
The authors are to be congratulated for adding to the continued


litany of convincing evidence that reaffirms the 75-year-old observa-
tions of Edgar Poth, Warfield Furor, and Isadore Cohn that mechanical
preparation of the colon does not reduce SSIs. Eventually, this will
filter out to some of the centers in Europe so that they can stop doing
randomized trials of mechanical preparation versus no preparation.


I think the evidence is clear. I’m curious as to why we
have stopped doing antibiotic bowel preparation in the United
States.


Dr Nichols and Dr Rothenberger of this organization have pub-
lished surveys in the ‘90s showing that the majority of colorectal sur-
geons used systemic antibiotics and oral antibiotics during the 1990s,
85+%, and we have turned around and abandoned it, abandoned it to
the point that the Enhanced Recovery After Surgery Initiative and the
Canadian Colorectal Surgery Society have recommended no prepara-
tion. It almost makes evidence-based medicine seem to be mythology
at this time, so I’m curious as to why we have abandoned it. Why
have we walked away from it?


I think it’s because managed care trashed the day of preopera-
tive inpatient hospitalization. I would be interested in your reflections.
Do you have evidence as to what was the mechanical preparation
used? Was it the GoLYTELY preparation or was it, as Dr Itani and as-
sociates have suggested, that perhaps sodium phosphate preparations
have a role in reduction of infection rates?


Finally, what were the SSI differences in the open procedures?
The laparoscopic procedures reduce SSI rates. I would argue that for
open colon surgery, the use of the oral antibiotic bowel prep has a
tremendous impact in reducing SSI rates.


Response From R.P. Kiran:
I would like to answer your second 2 questions first.
With regard to the type of bowel preparation used, unfor-


tunately, detailed information about the exact type of preparation,


and also as to whether patients really did complete those, is not
available in the National Surgical Quality Improvement Program
data set.


As regards the specific subset of patients who had open pro-
cedures despite controlling for the laparoscopic approach, we did
find that the use of a combined bowel preparation did significantly
reduce all the various complications. Previous authors using the same
subset, and others, have shown that even within a subgroup of pa-
tients undergoing open procedures, oral antibiotics and mechanical
cleansing does significantly reduce complications when compared
with mechanical cleansing alone.


With regard to my reflections as to why I think we have not been
using oral antibiotics despite evidence, I think it is a combination of
factors. I think that with the evolution of the use of intravenous antibi-
otics, perhaps the role of oral antibiotics was questioned by surgeons.
Perhaps it is the difficulty of preparing these patients with both me-
chanical cleansing and oral antibiotics. We personally have problems
in terms of telling our patients about how to combine the mechanical
bowel preparation with oral antibiotics, particularly considering that
most of these patients now come in on the day of surgery. Most of
them do not want to take the previous day off to spend the morning
cleansing themselves and taking antibiotics. I suspect it’s a combina-
tion of these various factors that might have led to the abandonment
of the combined preparation.


M. Otterson (Milwaukee, WI):
I stand up as one of Dr Condon’s boys.
One of the things that we talked about when he was alive


was the issue of nausea with the erythromycin part of the bowel
prep. I asked him, “Why did you choose the dose of erythromycin
that you did?” He said, “Well, if we went any higher, they all vom-
ited.” One of the issues that’s come up is that these patients who
are trying to bowel prep at home have a lot of nausea and you
get a lot of unplanned admissions with electrolyte abnormalities.
I think that that’s probably one issue that probably should be ad-
dressed if you decide to do a prospective randomized controlled trial,
because the erythromycin dose that many people have used for the
antibiotic prep is very close to the nausea and vomiting dose. Just a
comment.
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Oral Antibiotic Bowel Preparation Reduces Length of
Stay and Readmissions after Colorectal Surgery


Galina D Toneva, BS, Rhiannon J Deierhoi, MPH, Melanie Morris, MD, Joshua Richman, MD, PhD,
Jamie A Cannon, MD, Laura K Altom, MD, MSPH, Mary T Hawn, MD, MPH, FACS

BACKGROUND: Oral antibiotic bowel preparation (OABP) before colorectal resection has been shown to
reduce surgical site infections. We examined whether OABP decreases length of stay
(LOS) and readmissions for colorectal surgery.


STUDY DESIGN: This retrospective study used national Veterans Affairs Surgical Quality Improvement
Program preoperative risk and outcomes data linked to Veterans Affairs Administrative
and Pharmacy Benefits Management data on patients undergoing elective colorectal resec-
tions from 2005 to 2009. Exclusion criteria were preoperative LOS >2 days, American
Society of Anesthesiologists class 5, or death before discharge. Patient and surgery character-
istics, bowel preparation use, presence of an ostomy, indication for surgery, and indication for
readmission using ICD-9 codes were determined. Negative binomial regression was used to
model LOS. Logistic regression analyses modeled 30-day readmission.


RESULTS: Of the 8,180 patients, 1,161 (14.2%) were readmitted within 30 days. Length of stay and
readmissions varied significantly by bowel preparation, procedure, presence of an ostomy,
and American Society of Anesthesiologists class. Oral antibiotic bowel preparation was
associated with a below-median postoperative LOS (negative binomial regression
estimate ¼ �0.1159; p < 0.0001) and fewer 30-day readmissions (adjusted odds ratio¼ 0.81;
95% CI, 0.68e0.97). Overall, 4.9% were readmitted for infections (ICD-9 codes) and
this varied by bowel preparation (no preparation 6.1%, mechanical 5.4%, OABP 3.9%;
p ¼ 0.001). The readmission rate for noninfectious reasons was 9.3% and did not differ
significantly by bowel preparation (no preparation 9.9%, mechanical 9.6%, OABP 8.8%;
p ¼ 0.38).


CONCLUSIONS: Oral antibiotic bowel preparation before elective colorectal surgery is associated with shorter
postoperative LOS and lower 30-day readmission rates, primarily due to fewer readmissions
for infections. Prospective studies are needed to verify these results. (J Am Coll Surg 2013;
216:756e763. � 2013 by the American College of Surgeons)
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Hospital readmissions are associated with increased costs
and resource use, and poorer patient outcomes.1,2 With
the passage of the Patient Protection and Affordable
Care Act in 2010, Congress gave the Center for Medicare
and Medicaid Services authority to withhold reim-
bursement starting in 2013 to hospitals for worse than
expected readmission rates after acute myocardial infarc-
tion, congestive heart failure, and pneumonia.3 It is esti-
mated that >2,200 US hospitals face penalties in the first
year of implementation.4 In addition, several proposed
payment reform policies, such as bundled payment and
surgical warranties, would likely financially penalize pro-
longed index hospital length of stay (LOS), as well as
unplanned readmission after surgery.5,6


Colectomy is a commonly performed procedure with 30-
day readmissions rates ranging from 9% to 11%, depending
on the population studied.7-12 Knownpredictors of increased
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Figure 1. Data reduction chart.


Abbreviations and Acronyms


LOS ¼ length of stay
OABP ¼ oral antibiotic bowel preparation
SSI ¼ surgical site infection
VA ¼ Veterans Affairs
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LOS and readmission for colorectal surgery include patient
comorbid conditions, social factors, type of colectomy,
creation of an ostomy, and postoperative complications.13


Enhanced recovery protocols, which aim to streamline and
standardize perioperative care, have demonstrated efficacy
in reducing LOS, but have not resulted in reduced readmis-
sion rates.14 Therefore, interventions to reduce readmis-
sions for colorectal surgery are greatly needed.
Surgical site infection (SSI) complicates approximately


15% of colectomy procedures15-18 and has been linked to
increased index hospital LOS as well as readmissions.8


Although its use is waning, oral antibiotic bowel prepara-
tion (OABP) before colorectal surgery decreases postoper-
ative SSI considerably.19-24 In this study, we hypothesized
that use of OABP for elective colorectal surgery is associ-
ated with a reduction in LOS and readmissions due to
decreased infections.


METHODS
This is a retrospective cohort study of national Veterans
Affairs (VA) Surgical Quality Improvement Program
preoperative risk and outcomes data linked to VA Surgical
Care Improvement Project data and Pharmacy Benefits
Management data from 112 hospitals. The VA Surgical
Quality Improvement Program collects demographics,
preoperative risk and laboratory data, operative data,
and 30-day postoperative morbidity and mortality
outcomes on a majority of patients undergoing major
surgery in the VA. Nurse reviewers, trained in clinical
medicine and quality assurance, complete in-depth
training on data-collection procedures and detailed defini-
tions of each of the variables. A recent study of the quality
of the data at a sample of VA Medical Centers showed
that the data were complete and had high reliability.25


This study protocol was reviewed and approved by the
local VA Research and Development Committee and the
Institutional Review Board at the institution of each
coauthor, as well as by the Surgical Quality Data Use
Group and the Office of Informatics and Analytics in
VA Central Office, Washington, DC. Our data sources
have been published previously.25-27


Patient population


The population for this analysis included patients from the
Surgical Care Improvement Project cohort undergoing

elective colorectal resections from 2005 to 2009, classified
as partial or total colectomy and rectal resection (partial
colectomy: CPT codes 44140-44144, 44188-44206,
44320-44346, 45402-45805; total: 44150-44158, 44210-
44212; and rectal resection:44145-44147, 44207-44208,
45110-45397). We excluded patients with a preoperative
LOS >2 days to refine our elective colorectal surgery
cohort. Additional exclusion criteria were postoperative
stay >30 days, American Society of Anesthesiologists
classification of 5 at the time of surgery, and death before
discharge. This provided a total eligible cohort of
8,180 patients, detailed in the data reduction chart in
Figure 1.

Study variables


The main independent variable was use of a bowel prep-
aration before surgery. Type of bowel preparation was
classified as none, mechanical only, or OA preparation
(OA alone or with a mechanical preparation). Dependent
variables of interest were postsurgical LOS and readmis-
sion within 30 days of discharge from the index hospital
stay. Information on readmission and reason for readmis-
sion determined by ICD-9 codes were obtained from the
Corporate Data Warehouse. Patient-level covariates asso-
ciated with LOS and readmission considered in analyses
included demographics, cardiovascular, pulmonary, and
immune comorbidities obtained from VA Surgical
Quality Improvement Program. Surgery characteristics
included indication for procedure, wound class, proce-
dure type, ostomy, and ASA status.







Table 1. Characteristics of the Study Population and Their Association with Length of Stay and 30-Day Readmission


Characteristics n


Length of stay Readmitted within 30 days


Median (IQR) p Value n % p Value


Overall 8,180 7.0 (5�10) 1,161 14.2


Demographics


Age


65 y or younger 4,351 7.0 (5�9) <0.0001 628 14.4 0.5


Older than 65 y 3,829 7.0 (6�11) 533 13.9


Sex


Male 7,944 7.0 (5�10) 0.02 1,124 14.2 0.4


Female 216 6.0 (5�8) 35 16.2


BMI


<18 1,871 7.0 (5�9) 0.07 265 14.2 0.05


18�25 1,876 7.0 (5�10) 256 13.7


25.1�30 2,396 7.0 (5�9) 315 13.2


>30 2,037 7.0 (5�10) 325 16.0


Comorbidities


Diabetes, yes 1,892 7.0 (5.5�10) 0.01 320 16.9 0.0001


COPD, yes 1,142 8.0 (6�11) <0.0001 173 15.2 0.3


Smoker, yes 2,374 7.0 (5�10) 0.5 347 14.6 0.5


CHF, yes 60 7.0 (6�11) 0.17 13 21.7 0.1


ASA


1�2 1,830 6.0 (5�8) <0.0001 235 12.8 0.003


3 5,719 7.0 (5�10) 810 14.2


4 631 8.0 (6�13) 116 18.4


Surgery characteristics


Indication


Neoplasm 6,810 7.0 (5�9) <0.0001 933 13.7 0.03


IBD 136 8.0 (6�11) 26 19.1


Diverticulitis 514 7.0 (5�9) 82 16.0


Other 719 8.0 (6�12) 120 16.7


Wound class


Clean/contaminated 7,602 7.0 (5�9) <0.0001 1,061 14.0 0.08


Contaminated 459 8.0 (6�11) 78 17.0


Dirty/infected 119 8.0 (6�13) 22 18.5


Procedure


Partial 6,351 7.0 (5�9) <0.0001 820 12.9 <0.0001


Rectal 1,579 8.0 (6�11) 273 17.3


Total 250 9.0 (7�13) 68 27.2


Ostomy


Yes 935 8.0 (6�12) <0.0001 225 24.1 <0.0001


No 7,245 7.0 (5�9) 936 12.9


Bowel preparation


None 1,412 7.0 (6�11) <0.0001 227 16.1 0.002


Mechanical only 3,193 7.0 (5�10) 479 15.0


OA preparation 3,575 7.0 (5�9) 455 12.7


Outcomes


SSI, yes 1,192 8.0 (6�14) <0.0001 360 30.2 <0.0001


LOS


�7 d 4,796 576 12.0 <0.0001


>7 d 3,384 585 17.3


Readmission, yes 1,161 8.0 (6�11) <0.0001


ASA, American Society of Anesthesiologists; BMI, body mass index (calculated as kg/m2); CHF, congestive heart failure; IBD, inflammatory bowel disease;
LOS, length of stay; OA, oral antibiotic preparation either alone or combined with mechanical preparation; SSI, surgical site infection.
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Table 2. Negative Binomial Regression of Length of Stay


Variable Estimate p Value


Preparation type


No bowel preparation Ref


Mechanical only �0.0363 0.0234


Oral antibiotic preparation �0.1159 <0.0001


Procedure type


Partial colectomy Ref


Rectal resection 0.1431 <0.0001


Total colectomy 0.2622 <0.0001


Ostomy supplies 0.1212 <0.0001


Vol. 216, No. 4, April 2013 Toneva et al Oral Antibiotic Bowel Preparation and Readmissions 759

Statistical analyses


Unadjusted analysis of association between the study vari-
ables and LOS were compared using Wilcoxon rank sum
tests and readmission within 30 days using chi-square
tests. Negative binomial regression was used to model
length of stay adjusting for multiple covariates without
requiring the strict distributional assumptions of Poisson
regression. Logistic regression models were used for read-
mission. All analyses were completed using SAS software
(version 9.2; SAS Institute) and graphics generated using
R software (version 2.15.1, 2010).

ASA class 3 0.1038 <0.0001


ASA class 4�5 0.2451 <0.0001


Adjusted for indication, age, and wound class.
ASA, American Society of Anesthesiologists.


Table 3. Logistic Regression of Readmission within 30 Days


Variable Odds ratio 95% CI


Preparation type


No bowel preparation Ref


Mechanical only 0.96 0.81�1.15


Oral antibiotic preparation 0.81 0.68�0.97


Procedure type


Partial colectomy Ref


Rectal resection 1.22 1.04�1.43


Total colectomy 2.24 1.64�3.07


Ostomy supplies 1.87 1.57�2.24


ASA class 3 1.13 0.96�1.33


ASA class 4�5 1.55 1.21�2.00


Adjusted for indication, age, and wound class.
ASA, American Society of Anesthesiologists.

RESULTS
We identified a total of 8,180 patients who underwent
elective colorectal resection between 2005 and 2009
and met inclusion criteria. The demographics, procedure
characteristics, and outcomes for the study population are
shown in Table 1. The most frequent indication for
surgery was neoplasm in 6,810 (83.2%), followed by
diverticulitis in 514 (6.3%) and inflammatory bowel
disease in 136 (1.7%) patients.
AnOABPwas prescribed to 3,575 (43.7%) of the cohort.


Surgical site infection occurred in 1,192 (14.6%) patients
and significantly differed by bowel preparation category:
OABP (8.6%), mechanical alone (19.5%), and no
bowel preparation (18.6%; p < 0.0001). Median LOS
was 7 days (interquartile range 5 to 10 days) and
although the median was the same for all bowel pre-
paration categories, the distribution was significantly
different (5 to 9 days for OABP, 6 to 10 days for
mechanical only, and 6 to 11 days for no preparation;
p < 0.0001). Thirty-day readmission occurred in
1,161 (14.2%) patients, ranging from 12.7% for
OABP, 15.0% for mechanical, and 16.1% for no prep-
aration (p ¼ 0.002). Several other study variables were
significantly associated with LOS, readmission, or
both (Table 1).
Negative binomial regression modeling of postopera-


tive LOS identified several factors that were associated
with index hospital LOS (Table 2). Negative estimates
are inversely associated with LOS and positive estimates
are directly correlated with readmission. The use of
a mechanical preparation or OABP was associated with
shorter index hospitalization LOS and presence of an
ostomy, total colectomy, or rectal resections and
increasing American Society of Anesthesiologists class
were associated with longer LOS.
Adjusted odds ratios for 30-day readmission are shown in


Table 3. The presence of an ostomy was associated with
the highest odds for readmission (odds ratio ¼ 1.89; 95%
CI, 1.58�2.25). Oral antibiotic bowel preparation was

associated with decreased odds of readmission (odds
ratio ¼ 0.81; 95% CI, 0.68�0.97).
Indication for readmission was determined from the prin-


cipal ICD-9 code and classified into infectious and nonin-
fectious categories (Table 4). The readmission rate for
infectious reasons was 4.9% and varied significantly by
bowel preparation category. Total colectomy and presence
of an ostomy had the highest rates of readmission for both
infectious and noninfectious reasons. The readmission
rate for noninfectious reasons was 9.3% and did not differ
significantly by bowel preparation. A total of 27 patients
were readmitted with principal ICD-9 code for Clostridium
difficile colitis, and readmission rate was highest among
OABP (0.5%), followed by mechanical bowel prep-
aration (0.3%) and no preparation (0.1%; p < 0.03).

DISCUSSION
Our study demonstrates that the use of OABP before
elective colorectal surgery is associated with both shorter







Table 4. Factors Associated with ICD-9 Code for Readmission Stratified by Infectious and Noninfectious Codes


ICD-9 codes for reasons for readmission


Infectious Noninfectious


n n %* p Value n %* p Value


Overall 8,180 397 4.9 764 9.3


Bowel preparation


None 1,412 87 6.2 0.001 140 9.9 0.37


Mechanical only 3,193 171 5.4 308 9.6


Oral antibiotic alone or with mechanical 3,575 139 3.9 316 8.8


Ostomy supplies


Yes 935 77 8.2 <0.0001 148 15.8 <0.0001


No 7,245 320 4.4 616 8.5


Procedure


Partial colectomy 6,351 272 4.3 <0.0001 548 8.6 <0.0001


Rectal resection 1,579 102 6.5 171 10.8


Total colectomy 250 23 9.2 45 18.0


ASA class


1�2 1,830 74 4.0 0.02 161 8.8 0.11


3 5,719 280 4.9 530 9.3


4e5 631 43 6.8 73 11.6


*Overall readmission percent for infectious or noninfectious reasons.
ASA, American Society of Anesthesiologists.
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LOS and fewer 30-day readmissions. The decreased read-
mission rate associated with OABP was primarily medi-
ated through fewer SSIs. We also found that patients
undergoing total colectomy, rectal resections, or who
had evidence of an ostomy at discharge were at increased
risk for both longer LOS and readmission.
Numerous studies, as well as a meta-analysis, have


demonstrated the efficacy of OABP in reducing
SSIs.19,20,23,24 We have previously reported that the use
of OABP is highly variable, ranging from 0% to 87%
of patients receiving an OABP in the 112 hospitals
included in the study. In that study, hospitals with higher
rates of OABP had lower SSI rates for colorectal surgery.28


Earlier studies have shown that SSIs are associated with
longer hospital LOS and increased readmissions, which
in turn are significantly associated with increased overall
cost of care.19 In one study, the cost of the index hospital-
ization more than doubled when a patient had an SSI
($13,083 with SSI vs $5,044 without SSI).29 Another
article demonstrated the mean cost of a readmission after
colorectal surgery to be $8,885.8 Many studies, including
ours, have reported that longer LOS with the index
admission is associated with higher likelihood of readmis-
sion.7,30 Our results suggest that OABP can decrease over-
all cost of care. Based on our data, the number needed to
treat with OABP to prevent 1 readmission is 42 patients.
Oral antibiotics agents most frequently used for bowel
preparation are inexpensive and likely cost-effective,

considering the high costs of infectious complications
after colectomy.
We identified several other patient and procedure


factors associated with increased LOS and 30-day read-
mission for colorectal surgery; however, many of these,
like comorbid conditions, indication for surgery, and
extent of colectomy, might not be modifiable. In our
cohort, the presence of an ostomy was associated with
both a longer index LOS and readmissions. A single-
site study of 603 patients found that the most common
cause of readmission after ostomy creation was dehydra-
tion and was associated with postoperative use of
diuretics.31 The same study found that preoperative
steroid use increased the risk of readmission and use
of epidural anesthesia decreased risk of readmission.
A more complete understanding of the reasons for read-
mission and their causal pathway will facilitate identifi-
cation or design of interventions to additionally decrease
readmission rates.
Enhanced recovery protocols extensively studied in


colorectal surgery are associated with decreased index
LOS, but not reduced readmissions.14 These protocols
avoid use of bowel preparation and epidurals and
encourage early ambulation, early feeding, and early tran-
sition to oral analgesia. Although these interventions
hasten postoperative discharge for patients without
complications, they do not prevent the complications,
which result in readmissions. The addition of OABP to
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these protocols, as well as other factors that decrease risk
of readmission, can extend the benefit of these protocols
to reducing readmissions.
Length of stay and 30-day readmissions are blunt


surrogates for morbidity, as they fail to account for
morbidity that does not require rehospitalization. Despite
this shortcoming, LOS and readmission rate are useful in
estimating the summative effects of the acute and severe
morbidities commonly encountered after surgical proce-
dures. Earlier studies have demonstrated that OABP use
is associated with an increased rate of C difficile colitis
and cite this as a reason to discontinue its use.32 We
found an increased rate of readmissions for colitis in
patients who received OABP, however, this only reflects
readmissions secondary to colitis and not the actual inci-
dence of colitis among the bowel preparation groups.
Another large multisite cohort study did not find an asso-
ciation between use of OABP and incidence of C difficile
colitis.33 Additional studies are needed to determine
whether OABP increases the risk of colitis after
colectomy.
Our study has several limitations. The VA study cohort


is primarily men and is not representative of the general
population. Oral antibiotic use was determined through
pharmacy data, so it reflects what was prescribed but
not necessarily what was taken by the patient. Also, we
determined the presence of an ostomy by whether
a patient was discharged with ostomy supplies. The valid-
ity of ICD-9 codes for determination of reasons for read-
mission is unknown and the information obtained lacked
detail. The observational design of our study allows for
unmeasured confounders when assessing the relationship
between OABP and LOS. Finally, we were unable to
determine accurately whether patients had a laparoscopic
resection or were exposed to an enhanced recovery
protocol.

CONCLUSIONS
Oral antibiotic bowel preparation before elective colo-
rectal surgery is associated with shorter postoperative
LOS and lower 30-day readmissions, primarily due to
a decrease in SSIs. Efforts to improve adherence with
use of OABP can improve the efficiency of care for colo-
rectal surgery.
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Discussion


DR ROBERT CIMA (Rochester, MN): In brief, the authors have
presented a multisite review from the Veterans Administration


(VA) hospitals on the impact of oral antibiotic preparation, either
alone or as part of a mechanical bowel preparation, on postopera-
tive length of stay and readmissions after elective colorectal surgery.


They make use of the VA surgical quality improvement project
data to evaluate 30-day outcomes in patient demographics, comor-
bidities, and procedure codes. They also used the VA pharmacy
database to correlate the prescriptions that were provided, and as


they pointed out, were unable to determine whether or not the
drugs were taken for the prescriptions of mechanical bowel prepa-
ration and/or oral antibiotics.


As the authors have presented, they found an association between
the prescription for an oral antibiotic bowel preparation with
a decreased length of stay and readmission. The primary driver for


this decreased length of stay was infectious complications or a
decrease in infection complications associated with the prescription
of oral antibiotics. The authors mentioned that surgical site infection
(SSI) was the primary driver after colorectal surgery, and I have


a number of questions related to that.
The time period of the study is from 2005 to 2009, and this


corresponds to an interesting period for recent surgical practice,


namely, to the implementation of numerous interventions to reduce
SSI, such as the Surgical Care Improvement Project (SCIP) national
measures. Also, just an inherent look at people’s practice has shown


improvement. Was there a time trend analysis performed over these
5 years to determine whether or not there was any difference?


Given the implementation of SCIP protocols as a national


quality metric during this very same time period and a concerted
effort by the VA administration to consolidate and streamline anti-
biotic use, was there a change in antibiotic stewardship as far as IV
antibiotics, as far as dosing, types of antibiotics, and discontinua-


tion that could possibly confound the findings of this study?
Also, there was an intense effort in the VA to reduce SSI across


the board. Another very important paper released in the New
England Journal of Medicine from 2010, which corresponded to
this very time period, showed that in a randomized time trial per-
formed in the VA and quickly disseminated through the VA, that


the type of skin preparation alone reduced SSI by 40%. So were
there any systematic changes within the VA that could be potential
confounders for this case?


Can you explain why this population-based study, as well as
the Michigan collaborative, which you mentioned had similar find-
ings, which found that oral antibiotic bowel preparations played
some type of role or an association with decreased SSI, is contrary


to 20 years of data from randomized controlled trials? These trials
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