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Minimizing Surgical-Site Infections
Richard P. Wenzel, M.D.

Primitive ancestors of Homo sapiens and their col-
onizing bacteria have coevolved for approximately 
500,000 years; some experts estimate that the to-
tal number of human cells is 1013 and the total 
number of colonizing microbes is 1014. Despite 
this 10-to-1 inequity, the balance of power is in-
fluenced by an intact human immune system and 
the integrity of the skin and mucous membranes. 
Operative procedures disrupt this balance, result-
ing in a risk of surgical-site infections from en-
dogenous flora, including colonizing strains of 
Staphylococcus aureus.

Each year in the United States, more than 30 
million operative procedures are performed. The 
risk of infection depends on the skill of the sur-
geon, the degree of contamination defined by the 
type of surgery (i.e., clean, clean-contaminated, 
or contaminated), and the patient’s status with 
respect to underlying coexisting conditions and 
carriage of S. aureus. Approximately 20 to 30% of 
surgical-site infections are caused by S. aureus, and 
over half of these arise from the endogenous flora.

In an attempt to reduce surgical morbidity, the 
Surgical Infection Prevention Project and the Sur-
gical Care Improvement Project have outlined ev-
idence-based recommendations, bundling several 
strategies into a comprehensive approach. They 
include the initial administration of periopera-
tive antibiotics within 1 hour before surgery, the 
preoperative use of hair clippers or no hair re-
moval (as opposed to shaving of hair), and the 
maintenance of normothermia during colorectal 
surgery.1

Because S. aureus is a virulent pathogen that can 
cause surgical-site infections, some studies have 
focused on eliminating nasal carriage of this or-
ganism preoperatively. Results of a recent meta-
analysis suggested that topical mupirocin applied 

intranasally would reduce the rate of surgical-site 
infections due to S. aureus by 45% in the subgroup 
of patients who are carriers.2 It is also known that 
the skin is an important extranasal reservoir not 
only for S. aureus but also for other organisms im-
plicated in postoperative infections.

Two well-controlled, multicenter, randomized 
studies reported in this issue of the Journal offer 
valuable insights for controlling surgical-site in-
fections. Bode and colleagues demonstrated the 
efficacy of rapid, preoperative screening for nasal 
carriage of S. aureus along with the prophylactic 
treatment of patients who had positive results 
with the use of intranasal mupirocin twice a day 
for 5 days and daily baths with chlorhexidine 
soap.3 Patients scheduled to undergo simple op-
erative procedures were excluded, and only those 
who were expected to remain in the hospital for 
at least 4 days were randomly assigned to either 
active treatment or placebo. The subgroup of sur-
gical-site infections caused by S. aureus was reduced 
by 60% among those in the active treatment group 
as compared with those treated with the placebo 
nasal ointment plus placebo soap.

In the second study, Darouiche and colleagues 
found a greater than 40% reduction in total 
surgical-site infections among patients under-
going clean-contaminated surgery who had re-
ceived a single chlorhexidine–alcohol scrub as 
compared with a povidone–iodine scrub.4 No 
patients received intranasal mupirocin in this 
study, yet the rate of S. aureus surgical-site in-
fections was reduced by approximately 50% in 
the chlorhexidine–alcohol group (see the Sup-
plementary Appendix to the article by Darouiche 
et al., available at NEJM.org).

Chlorhexidine–alcohol has been recommend-
ed by the Centers for Disease Control and Preven-
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tion as the antiseptic of choice to reduce vascular 
catheter–associated bloodstream infections.5 As 
compared with povidone–iodine, the chlorhexi-
dine–alcohol solution has been found to reduce 
catheter-associated infections by approximately 
50%.6 Recently, researchers in six intensive care 
units (ICUs) at four institutions examined the 
rates of colonization of and bloodstream infec-
tions due to methicillin-resistant S. aureus (MRSA) 
and vancomycin-resistant enterococci (VRE) dur-
ing a 6-month period during which patients were 
bathed daily with nonmedicated soap followed 
by a 6-month period of daily bathing with a 
chlorhexidine solution.7 During the latter period, 
the MRSA acquisition rate decreased by 32%, VRE 
acquisition decreased by 50%, and the number 
of bloodstream infections due to VRE decreased 
by 73%. The same design was used in a study 
involving a single ICU, which showed an 87% 
reduction in all catheter-related bloodstream in-
fections when patients were bathed with chlor-
hexidine.8

Such data add credibility to the findings of 
more favorable outcomes among patients treated 
with chlorhexidine products before undergoing 

surgery. Nevertheless, researchers at a single in-
stitution tested three types of surgical-site scrubs, 
using a sequential-implementation study design. 
On primary analysis, the rate of surgical-site in-
fections was lower with iodine povacrylex in 
alcohol than with either povidone–iodine or 
chlorhexidine–alcohol.9

From a population-based perspective, a pro-
gram that substantially reduces all infections at 
a specific anatomical site (i.e., a horizontal pro-
gram) is more valuable than one that targets a 
single organism at that site (i.e., a vertical pro-
gram). Given a horizontal program (chlorhexi-
dine–alcohol scrub) that reduces overall infection 
rates by 40% and eliminates 50% of S. aureus in-
fections, one can estimate the incremental value 
of an additional vertical program that focuses on 
the remaining S. aureus infections. Assume that 
S. aureus infections represent 25% of all infections, 
that 50% of S. aureus infections remain, and that 
the number of these infections can be further re-
duced by 60%. The absolute improvement of 7.5 
percentage points (i.e., [25% × 50%] × 60%) would 
be the maximal incremental effect of the vertical 
program on the total infection rate (Fig. 1).

 The Darouiche study supports the value of a 
relatively inexpensive horizontal program, which 
was remarkably effective: the number of patients 
who would need to be treated to prevent one sur-
gical-site infection was found to be 17.

Although the reduction in S. aureus surgical-
site infections in the study by Bode et al. was im-
pressive, the relative contributions of the interven-
tion components — that is, decolonization in the 
nares and the use of chlorhexidine soap — are 
unclear. A total of 250 patients would need to be 
screened and 23 carriers would need to be treat-
ed to prevent one S. aureus infection. This organ-
ism is responsible for an important subgroup, yet 
still a minority, of surgical-site infections. Unfor-
tunately, the influence on total infection rates at 
surgical sites was not recorded but could be es-
timated to be 15% (a 25% prevalence of S. au-
reus × 60% reduction). The value of this well-con-
ducted study is that it suggests a prophylactic 
approach for carriers of S. aureus who are candi-
dates for surgical procedures associated with a 
high risk of deleterious outcomes should S. aureus 
infection develop at the surgical site. In this cat-
egory, I would include all cases of open-heart sur-
gery as well as any procedure in which a foreign 
body is placed (e.g., orthopedic and neurosurgical 
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Figure 1. Estimates of Staphylococcus aureus Infections with the Use  
of Two Different Programs.

A horizontal program reduces all infections at a specific anatomic site, 
whereas a vertical program targets a single organism at that site. A hori-
zontal program using chlorhexidine–alcohol surgical scrubs would prevent 
an estimated 40% of all surgical-site infections (pie chart on the left). A 
vertical program that focuses on S. aureus infections would add incremen-
tal value (pie chart on the right). The vertical program would prevent 60% 
of the 12.5% of S. aureus infections that remain when the horizontal pro-
gram is used (i.e., a further reduction of 7.5 percentage points [cross-
hatched area]). With both programs in place, 47.5% of surgical-site infec-
tions would be prevented.
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implant procedures) as especially high-risk opera-
tions, and I would also include any surgical pro-
cedure in patients whose immune systems are se-
verely impaired.

In summary, the weight of evidence suggests 
that chlorhexidine–alcohol should replace povi-
done–iodine as the standard for preoperative sur-
gical scrubs. The use of intranasal mupirocin and 
chlorhexidine baths for carriers of S. aureus who 
have been identified preoperatively by means of 
a real-time polymerase-chain-reaction assay could 
be reserved primarily for patients who are under-
going cardiac surgery, all patients receiving an 
implant, and all immunosuppressed surgical can-
didates. Currently, the incremental value of pre-
operative baths with chlorhexidine alone for all 
surgical patients is unclear, but this relatively 
straightforward procedure could be examined crit-
ically in future studies. In the meantime, the data 
reported in these two studies offer remarkably 
safer strategies for all patients who require 
surgery.

Dr. Wenzel reports receiving speaking fees from 3M and re-
search funding and consultation fees from Pfizer. No other po-
tential conflict of interest relevant to this article was reported.

From the Department of Internal Medicine, Virginia Common-
wealth University, Richmond.

Bratzler DW, Hunt DR. The surgical infection prevention 1.	
and surgical care improvement projects: national initiatives to 
improve outcomes for patients having surgery. Clin Infect Dis 
2006;43:322-30.

van Rijen M, Bonten M, Wenzel RP, Kluytmans JA. Intrana-2.	
sal mupirocin for reduction of Staphylococcus aureus infections in 
surgical patients with nasal carriage: a systematic review. J An-
timicrob Chemother 2008;61:254-61.

Bode LGM, Kluytmans JAJW, Wertheim HFL, et al. Prevent-3.	
ing surgical-site infections in nasal carriers of Staphylococcus au-
reus. N Engl J Med 2010;362:9-17.

Darouiche RO, Wall MJ Jr, Itani KMF, et al. Chlorhexidine–4.	
alcohol versus povidone–iodine for surgical-site antisepsis.  
N Engl J Med 2010;362:18-26.

O’Grady NP, Alexander M, Dellinger EP, et al. Guidelines for 5.	
the prevention of intravascular catheter-related infections. In-
fect Control Hosp Epidemiol 2002;23:759-69.

Chaiyakunapruk N, Veenstra DL, Lipsky BA, Saint S. Chlor-6.	
hexidine compared with povidone-iodine solution for vascular 
catheter-site care: a meta-analysis. Ann Intern Med 2002;136:792-
801.

Climo MW, Sepkowitz KA, Zuccotti G, et al. The effect of daily 7.	
bathing with chlorhexidine on the acquisition of methicillin-resis-
tant Staphylococcus aureus, vancomycin-resistant Enterococcus, and 
healthcare associated bloodstream infections: results of a quasi-
experimental multicenter trial. Crit Care Med 2009;37:1858-65.

Popovich KJ, Hota B, Hayes R, et al. Effectiveness of routine 8.	
patient cleaning with chlorhexidine gluconate for infection pre-
vention in the medical intensive care unit. Infect Control Hosp 
Epidemiol 2009;30:959-63.

Swenson BR, Hedrick TL, Metzger R, et al. Effects of preop-9.	
erative skin preparation on postoperative wound infection rates: 
a prospective study of 3 skin preparation protocols. Infect Con-
trol Hosp Epidemiol 2009;30:964-71.
Copyright © 2010 Massachusetts Medical Society. 

images in clinical medicine

The Journal welcomes consideration of new submissions for Images in Clinical 
Medicine. Instructions for authors and procedures for submissions can be found 
on the Journal’s Web site at NEJM.org. At the discretion of the editor, images that 

are accepted for publication may appear in the print version of the Journal,  
the electronic version, or both. 

Copyright © 2010 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by JOHN VOGEL MD on January 7, 2010 . 


