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Guideline for Prevention of Surgical Sitepostoperative inpatient and clinic nurses16% of all nosocomial infections among

Infection, 1999 infection control professionals, anesthesihospitalized patients.14 During 1986 to
o ologists, healthcare epidemiologists, and996, hospitals conducting SSI surveil-
Alicia J. Mangram, MD other personnel directly responsible forlance in the NNIS system reported 15,523

Teresa C. Horan, MPH, CIC the prevention of nosocomial infections. SSis following 593,344 operations (CDC,

Michele L. Pearson, MD This document does not:_ ] unpublished data). Among surgical pa-

Leah Christine Silver, BS Specifically address issues unique tdients,

William R. Jarvis, MD burns, trauma, transplant procedures, 0d8Sls were the most common nosocomial
~ The Hospital Infection Control Prac-transmission of bloodborne pathogensnfection, accounting for 38% of all such
tices Advisory Committee from healthcare worker to patient, norinfections. ) ]

) does it specifically address details of SSDf these SSls, two thirds were confined to
Sections prevention in pediatric surgical practice. the incision, and one third involved or-
Abstract ) _ It has been recently shown in agans or spaces accessed during the opera-
I. Surgical Site Infection (SSI): an multicenter study of pediatric surgical tion. ) ) . )
Overview ) ~ patients that characteristics related to th&Vhen surgical patients with nosocomial

Il. Recommendations For Preventioroperations are more important than thos&SI died, 77% of the deaths were reported
of Surgical Site Infection ) related to the physiologic status of the pato be related to the infection, and the ma-

Publishing and Reprint Information tients.5 ] jority (93%) were serious infections in-

In general, all SSI prevention measuresolving organs or spaces accessed during

Abstract effective in adult surgical care are indi-the operation. )
cated in pediatric surgical care. ~In 1980, Cruse estimated that an SSI
EXECUTIVE SUMMARY Specifically address procedures perincreased a patientefs hospital stay by

The “Guideline for Prevention of Surgical formed outside of the operating roomapproximately 10 days and cost an addi-
Site Infection, 1999”presents the Centerge.g., endoscopic procedures), nor does ttonal $2,000.15,16
for Disease Control and Preventionprovide guidance for infection preventionA 1992 analysis showed that each SSlI re-
(CDC)’s recommendations for the pre-for invasive procedures such as cardiasulted in 7.3 additional postoperative hos-
vention of surgical site infections (SSIs),catheterization or interventional radiol-pital days, adding $3,152 in extra
formerly called surgical wound infec- o%y. Nonetheless, it is likely that manycharges.17 Other studies corroborate that
tions. SSI prevention strategies also could béncreased Iength of hospital stay and cost
This two-part guideline updates and reapplied or adapted to reduce infectiousire associated with SSIs.18,19
Iglaces previous guidelines.1,2 complications associated with these probeep SSIs involving organs or spaces, as
art I, “Surgical Site Infection: An cedures. compared to SSlis confined to the incision,
Overview,"describes the epidemiology,  Specifically recommend SSI preven-are associated with even greater increases
definitions, microbiology, pathogenesis,tion methods unique to minimally inva- in hospital stays and costs.20,21
and surveillance of SSis. Included is a desive operations (i.e., laparoscopic sur- Advances in infection control practices
tailed discussion of the pre-, intra-, an ery%. include improved operating room ventila-
postoperative issues relevant to SSI gerAvailable SSI surveillance data indicatetion, sterilization methods, barriers, sur-
esis. that laparoscopic operations generallygical technique, and availability of anti-
Part Il, “Recommendations for Preventionhave a lower or comparable SSI risk whemicrobial ﬁrophylaxis.
of Surgical Site Infection,”represents thecontrasted to open operations.6-11 SSDespite these activities, SSIs remain a
consensus of the Hospital Infection Conprevention measures applicable in opesubstantial cause of morbidity and mortal-
trol Practices Advisory operations (e.g., open cholecystectomy% among hospitalized patients.
Committee(HICPAC) regarding strate-are indicated for their laparoscopic coun-This may be partially explained by the
gies for the prevention of SSlIs.3 terparts (e.g., laparoscopic cholecystecemergence of antimicrobial-resistant
Whenever possible, the recommendationmm%). pathogens and the increased numbers of
in Part Il are based on data from well-de- ecommend specific antiseptic agentsurgical patients who are elderly and/or
signed scientific studies. for patient preoperative skin preparationdiave a wide variety of chronic, debilitat-
However, there are a limited number ofor for healthcare worker hand/forearming, or immunocompromising underlying
studies that clearly validate risk factorsantisepsis. Hospitals should choose frondiseases. There also are increased num-
and prevention measures for SSI. By neproducts recommended for these activitiebers of prosthetic implant and organ
cessity, available studies have often beem the latest Food and Drug Administra-transplant operations performed.

conducted in narrowly defined patienttion (FDA) monograph.12 Thus, to reduce the risk of SSI, a system-
populations or for specific kinds of opera- ) ) ) atic but realistic approach must be applied
tions, making generalization of their find-  I. Surgical Site Infection (SSI): An with the awareness that this risk is influ-
ings to all specialties and types of opera©Overview enced by characteristics of the patient,
tions potentially problematic. operation, personnel, and hospital.

This is especially true regarding theA. INTRODUCTION

implementation of SSI prevention mea-Before the mid-19th century, surgical pa-B. KEY TERMS USED IN THE GUIDE-
sures. Finally, some of the infection con-tients commonly developed postoperativa.INE

trol practices routinely used by surgical“irritative fever,”followed by purulent

teams cannot be rigorously studied fodrainage from t h eir 1. Criteria for defining SSls

ethical or logistical reasons (e.g., Wearing'ncisions,overwhelmin% sepsis, and ofterThe identification of SSI involves inter-
VS not wearing gloves). death. It was not until the late 1860s, aftepretation of clinical and laboratory find-
Thus, some of the recommendations idoseph Lister introduced the principles oings, and it is crucial that a surveillance
Part Il are based on a strong theoreticantisepsis, that postoperative infectiougprogram use definitions that are consis-
rationale and suggestive evidence in thenorbidity decreased substantially. tent and standardized; otherwise, inaccu-
absence of confirmatory scientific knowl- Listersfs work radically changed surgeryrate or uninterpretable SSI rates will be
edge. from an activity associated with infection computed and reported.

It has been estimated that approximateland death to a discipline that could elimi-The CDCefs NNI sYstem has developed
75% of all operations in the United Stateate suffering and prolon%life. standardized surveillance criteria for de-
will be performed in Currently, in the United States alone, arfining SSlis (Table 1).22
“ambulatory,””same-day,”or estimated 27 million surgical procedures

“outpatient”operating rooms by the turnare performed each year.13 Table 1. Criteria for Defining a Surgical
of the century.4 In recommending variousThe CDCefs National Nosocomial Infec- Site Infection (SSI)*

SSI prevention methods, this documentions Surveillance (NNIS) system, estab-

makes no distinction between surc?icalished in 1970, monitors reported trends Superficial Incisional SSI

care delivered in such settings and thainh nosocomial infections in U.S. acute- Infection occurs within 30 days after the
provided in conventional inpatient oper-care hospitals. operation and infection involves only skin
ating rooms. Based on NNIS system reports, SSls arer subcutaneous tissue of the incision and
This document is primarily intended for the third most frequently reported nosoco-at least one of the following:

use by surgeons, operating room nursesnial infection, accounting for 14% to 1. Purulent drainage, with or without
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laboratory confirmation, from the superfi- 4. Diagnosis of an organ/space SSI byo “Preoperative Hand/Forearm

cial incision. a surgeon or attending physician. Antisepsis”section).
2. Organisms isolated from an asepti-
cally obtained culture of fluid or tissue * Horan TC et al. 22 ) C. MICROBIOLOGY
from the superficial incision. «0National Nosocomial Infection Sur- According to data from the NNIS system,

3. At least one of the following signs orveillance definition: a nonhuman-derivedthe distribution of pathogens isolated
symptoms of infection: pain or tender-implantable foreign body (e.g., prostheticfrom SSlIs has not changed markedly dur-
ness, localized swelling, redness, or hedteart valve, nonhuman vascular grafting the last decade (Table 3).26,27
and superficial incision is deliberately mechanical heart, or hip prosthesis% that
opened by surgeon, unless incision is ~ is permanently placed in a patient during o

culture-negative. S surgery. Table 3. Distribution of Pathogens Iso-

4. Diagnosis of superficial incisional «6If the area around a stab wound belated*

SSI by the surgeon or attending physi<comes infected, it is not an SSI. From Surgical Site Infections, Na-

cian. It is considered a skin or soft tissue infectional

Do not report the following conditions astion, depending on its depth. Nosolté%rgial Infections Surveillance Sys-
: tem,

1. Stitch abscess (minimal inflamma- to 1996
tion and discharge confined to the pointBy these criteria, SSls are classified as be-
of suture penetration). ing either incisional or organ/space.

2. Infection of an episiotomy or new- Incisional SSls are further divided into Staphylococcus aureus, coagulase-nega-
born circumcision site. those involving only skin and subcutane-ive staph%Iococci, Enterococcus spp., and

3. Infected burn wound. ous tissue (superficial incisional SSI) andEscherichia coli remain the most fre-

4. Incisional SSI that extends into thehose involving deeper soft tissues of thejuently isolated pathogens.
fascial and muscle layers (see deepncision (deep Incisional SSI). An increasing proportion of SSis are
incisional SSI). Organ/space SSils involve any part of theaused by antimicrobial-resistant patho-
Note: Specific criteria are used for identi-anatom% (e.g.,organ or space) other thagens, such as methicillin-resistant S.
fying infected episiotomy and circumci- incised body wall layers, that was openedureus (MRSA),28,29 or by Candida
sion sites and burn wounds.433 or manipulated during an operation (Fig-albicans.30
Deep incisional SSI ure). From 1991 t01995, the incidence of fun-
Infection occurs within 30 days after the ) ) gal SSls amon? patients at NNIS hospi-
operation if no implanted is left in place Figure. Cross-section of abdominal walltals increased from 0.1 to 0.3 per 1,000
or within 1 year if implant is in place and depicting discharges.30
the infection appears to be related to theCDC classifications of surgical site infec-The increased proportion of SSIs caused
operation and infection involves deep softion.22 by resistant pathogens and Candida spp.
tissues (e.g., fascial and muscle layers) of may reflect increasing numbers of se-
the incision and at least one of the follow-Table 2 lists site-specific classificationsverely ill and immunocompromised surgi-
ing: used to differentiate organ/space SSls. cal patients and the impact of widespread

1. Purulent drainage from the deep in- use of broad-spectrum antimicrobial
cision but not from the organ/space com¥or example, in a patient who had an apagents.
ponent of the surgical site. pendectomy and subsequently develope@utbreaks or clusters of SSIs have also

2. A deep incision spontaneously dean intra-abdominal abscess not drainindpeen caused by unusual pathogens, such
hisces or is deliberately opened by a surthrough the incision, the infection wouldas Rhizopus oryzae, Clostridium

eon when the patient’has at least one dfereported as an organ/space SSI at trﬁerfringens, Rhodococcus bronchialis,
the following signs or symptoms: feverintra-abdominal site. ocardia

(>38+<C), localized pain, or tenderness, Failure to use objective criteria to definefarcinica, Legionella pneumophila and

unless site is culture-negative. SSis has been shown to substantially at-egionella dumoffii, and Pseudomonas

3. An abscess or other evidence of infect reported SSI rates.23,24 multivorans.
fection involving the deep incision is The CDC NNIS definitions of SSIs have These rare outbreaks have been traced to
found on direct examination, during been applied consistently by surveillancecontaminated adhesive dressings,31 elas-
reoperation, or by histopathologic or ra-and surgical personnel in many settingsic bandages,32 colonized surgical per-

diologic examination. o and currently are a de facto national stansonnel,33,34 tap water,35 or contami-
4. Diagnosis of a deep incisional SSdard.22,25 nated disinfectant solutions.36

by a surgeon or attending physician. ) ) When a cluster of SSls involves an un-

Notes: 2. Operating suite usual organism, a formal epidemiologic

1. Report infection that involves bothA physically separate area that comprisemvestigation should be conducted.
superficial and deep incision sites as deepperating rooms and their interconnect-

incisional SSI. Ing hallways and ancillary work areasD. PATHOGENESIS _

2. Report an organ/space SSI thasuch as scrub sink rooms. ~ Microbial contamination of the surgical
drains through the incision as a deegNo distinction is made between pperatlngﬁ_lte is a necessary precursor of SSI.
incisional SSI. suites located in conventional inpatientThe risk of SSI can be conceptualized ac-

Organ/space SSI hospitals and those used for ‘sameeo_rdin% to the following relation-
Infection occurs within 30 days after theday”surgical care, whether in a hospitalship37,38:
operation if no implanted is left in place or a free-standing facility.

or within 1 year if implant is in place and Quantitatively, it has been shown that if
the infection appears to be related to th&. Operating room ) a surgical site is contaminated with >105
oPeratlon and Infection involves any partA room in an operating suite where operamlcroor%amsms per gram of tissue, the
of the anatomy (e.g., orﬂans or spacesjjons are performed. risk of SSl is markedl¥ increased.39
other than the incision, which was opened However, the dose of contaminating mi-
or manipulated during an operation and}. Surgical personnel croorganisms required to produce infec-
at least one of the following: Any healthcare worker who provides cardion maP/ be much lower when forei%n

1. Purulent drainage from a drain thato surgical patients during the pre-, intra-material is present at the site (i.e., 100
is placed through a stab wounde«6 into the or postoperative periods. staphylococci per gram of tissue intro-
organ/space. duced on silk sutures).40-42

2. Organisms isolated from an aseptis. Surgical team member Microorganisms may contain or pro-
cally obtained culture of fluid or tissue in Any healthcare worker in an operatingduce toxins and other Substances that in-
the or%an/space. room during the operation who has a surerease their ability to invade a host, pro-

3. An abscess or other evidence of ingical care role. Members of the surgicaduce damage within the host, or survive

fection involving the organ/space that isteam may be “scrubbed’or not; scrubbedn or in host tissue.
found on direct examination, duringmembers have direct contact with theFor example, many gram-negative bacte-
reoperation, or by histopathologic or ra-sterile operating field or sterile instru-ria produce endotoxin, which stimulates
diologic examination. ments or supplies used in the field (refecytokine production.
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In turn, cytokines can trigger the systemic HgAlc and SSI rates.111

inflammatory response syndrome that. RISK AND PREVENTION . Also, increased glucose levels (>200 mg/
sometimes leads to multiple system orgaihe term risk factor has a particulardL) in the immediate postoperative period
failure.43-45 meaning in epidemiology and, in the con{48 hours) were associated with increased
One of the most common causes of multext of SSI pathophysiology and preven-SSl risk.112,113 _
tiple system organ failure in _tion, strictly refers to a variable that has aMore studies are needed to assess the effi-
modern surgical care is intra-abdominakignificant, independent association withcacy of perioperative blood glucose con-
infection.46,47 the development of SSI after a specifidrol as a prevention measure.

Some bacterial surface components, notaperation. ) N o o

bly polysaccharide capsules, inhibit ph-Risk factors are identified by multivariate b. Nicotine use .

agocytosis,48 a critical and early host deanalyses in epidemiologic studies. ~ Nicotine use delays primary wound heal-
fense response to microbial contaminaUnfortunately, the term risk factor often ising and may increase the risk of SS1.85
tion. ) o used in the surgical literature in a broadn a large E_rospectwe study, current ciga-
Certain strains of clostridia and strepto-sense to include patient or operation fearette smoking was an independent risk
cocci produce potent exotoxins that distures which, although associated with SSfactorfor sternal and/or mediastinal SSI
rupt cell membranes or alter cellular me-development in univariate analysis, ardollowing cardiac surgery.85 ]
tabolism.49 ) ) ~not necessarily independent predictors.8@ther studies have corroborated cigarette
A variety of microorganisms, including The literature cited in the sections thalsmokm% as an important SSI risk fac-
gram-positive bacteria such as coagulasdellow includes risk factors identified by tor.88-92 _

negative staphylococci, produceboth univariate and multivariate analysesThe limitation of these studies, however,
glycocalyx and an associated component Table 5 lists patient and operation charis that terms like current cigarette smok-
called “slime,”50-55 which physically acteristics that may influence the risk ofing and active smokers are not always de-

shields bacteria from phagocytes or inhibSSI development. fined. ) ) _
its the binding or penetration of antimi- To apProprlater determine the contribu-
crobial agents.56 ) _ ) tion of tobacco use to SSI risk, standard-
Although these and other virulence fac- Table 5. Patient and Operation ized definitions of smoking history must
tors are well defined, their mechanistic Characteristics That May be adopted and used in studies designed to
relationship to SSI development has not Influence the Risk of Surgical control for confounding variables.
been fully determined. Site Infection Development )

For most SSils, the source of pathogens c. Steroid use

is the endogenous flora of the patientsfsSThese characteristics are useful in twdPatients who are receiving steroids or
skin, mucous membranes, or hollow visways: (1) they allow stratification of op- other immunosuppressive drugs preop-
cera.57 ~ erations, making surveillance data moreeratively may be predisposed to develop-
When mucous membranes or skin is incomprehensible; and, (2) knowledge ofing SSI1,84,87 but the data supporting this
cised, the exposed tissues are at risk faisk factors before certain operations mayelationship are contradictory. _
contamination with endogenous flora.58 allow for targeted prevention measures. In a study of long-term steroid use in pa-
These organisms are usually aerobié¢or example, if it is known that a patienttients with Crohnefs disease, SSI devel-
gram-pos_mve cocci (e.?., staphylococci),has a remote site infection, the surgicabped significantly more often in patients
ut may include fecal flora (e.g., anaeroteam may reduce SSI risk by schedulingeceiving preoperative steroids (12.5%)
bic bacteria and gram-negative aerobesgn operation after the infection has rethan in é)atlents without steroid use
when incisions are made near thesolved. ) (6.7%).9 _ o
erineum or groin. ) An SSI prevention measure can be deln contrast, other investigations have not
hen a gastrointestinal organ is openedined as an action or set of actions intenfound a relationship between steroid use
during an operation and is the source ofionally taken to reduce the risk of an SSland SSI risk.98,114,115
pathogens, gram-negative bacilli (e.g., EMany such techniques are directed at re- -
coli), gram-positive organisms (e.g., en-ducing opportunities for microbial con- d. Malnutrition .
terococci), and sometimes anaerobetamination of the patientefs tissues orFor some types of operations, severe pro-
(e.q., Bacillus fragilis) are the typical SSlsterile surgical instruments; others are adtein-calorie malnutrition is crudely asso-

isolates. ) _ unctive, such as using antimicrobial pro-ciated with postoperative nosocomial in-
Table 4 lists operations and the likely SS‘ohy_Iax_ls or avoiding unnecessary traufections, impaired wound healing dynam-
pathogens associated with them. matic tissue dissection. ics, or death.116-124

Optimum application of SSI prevention The National Academy of Sciences/Na-
) ) ~ measures requires that a variety of patierttonal Research Council &NA_S/NRC),94
Table 4. Operations, Likely Surgi-and operation characteristics be carefullystudy on the Efficacy of Infection Control

cal Site Infection (SSI) Pathogéens, andconsidered. SENIC),125 and NNIS126 schemes for
References on Usage of Antimicrobial ) o Sl risk stratification do not explicitly in-
Prophylaxis* 1. Patient characteristics corporate nutritional status as a predictor

In certain kinds of operatio_ns,dpatientyar_lable, although it may be represented
) _ _ _ characteristics possibly associated with amdwectla/ in the [atter two.
Seeding of the operative site from a disincreased risk of an SSI include coinci-In a widely quoted 1987 study of 404
tant focus of infection can be anotherdent remote site infections 59-68 or colo-high-risk general surge(rjy operations,
source of SSI pathogens,59-68 particunization,81-83 diabetes,84-87 cigaretteChristou and coworkers derived an SSIi
larly in patients who have a prosthesis osmok|ng,85,88—92 systemic steroidprobability index in which final predictor
other |mﬁlant placed during the opera-use,84,87,93 obesity 2;>20% ideal bodyariables were patient age, operation du-
tion. Such devices provide a nidus for atweight),85-87,94-97 extremes ofration, serum albumin level, delayed hy-
tachment of the organism.50,69-73 ~age,92,98-102 poor nutritional sta-persensitivity test score, and intrinsic
Exogenous sources of SSI pathogens irus,85,94,98,103-105 and perioperativevound contamination level.117 )

clude surgical personnel (especially memtransfusion of certain blood products.106-Although this index predicted SSI risk

bers of the surgical team),74-78 the oper109 satisfactorily for 404 subsequent patients
ating room environment (including air), ) and was generally received as a signifi-
and all tools, instruments, and materials. Diabetes cant advance in SSI risk stratification, it

brought to the sterile field during an op-The contribution of diabetes to SSI risk isis not widely used in SSI surveillance data
eration (refer to “Intraoperative controversial,84-86,98,110 because thanalysis, surgical infection research, or
Issues”section). independent contribution of diabetes toanalytic epidemiology.

Exogenous flora are primarily aerobesSSI risk has not typically been assessed Theoretical arguments can be made for
especially gram-positive organisms (e.g.after controlling for potential confound- a belief that severe preoperative malnutri-
staphylococci and streptococci). ing factors. o tion should increase the risk of both

Fungi from endogenous and exogenouRecent preliminary findings from a studyincisional and organ/space SSI.

sources rarely cause SSls, and their pathof patients who underwent coronary ar- However, an epidemiologic association

genesis is tery byﬂass graft showed a significant rebetween incisional SSI and malnutrition

not well understood.79 lationship between increasing levels ofis difficult to demonstrate consistently for
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all surgical subspecialties.118-strated that such carriagz(e was the mogiovidone-iodine or triclocarbanmedicated
120,124,127-131 . ) Power_ful independent risk factor for SSIsoap reduced colony counts by 1.3- and
Multivariate logistic regression mo_dellnlg ollowing cardiothoracic operations.82  1.9-fold, respectively.155 )
has shown that preoperative protein-calo- Mupirocin ointment is effective as aOther studies corroborate these find-
rie malnutrition is not an independenttopical agent for eradicating S. aureusngs.156,157 o
predictor of mediastinitis after cardiac by-from the nares of colonized patients orChlorhexidine gluconate-containing
pass operations.85,132 healthcare workers. products require several applications to
In the modern era, total parenteral nuA recent report by Kluytmans and co-attain maximum antimicrobial benefit, so
trition (TPN) and total enteral alimenta-workers suggested that SSI risk was rerepeated antiseptic showers are usually
tion (TEA) have enthusiastic acceptanceluced in patients who had cardiothoraciéndicated.158 ]
by surgeons and critical care specialoperations when mupirocin was appliedEven though preoperative showers reduce
ists.118,133-137 ] preoperatively to their nares, regardless athe skinefs microbial colony counts, they
However, the benefits of preoperative nucarrier status.152 ~ have not definitively been shown to re-
tritional repletion of malnourished pa- In this study, SSI rates for 752 mupirocin-duce SSI rates.159-165
tients in reducing SSI risk are unproventreated patients were compared with those ) )
In two randomized clinical trials, preop- previously observed for an untreatedo. Preoperative hair removal ) .
erative “nutritional therapy”did not re- group of 928 historical control patients,Preoperative shaving of the surgical site
duce incisional and organ/space SSand the significant SSI rate reduction washe night before an operation is associated
risk.138-141 S attributed to the mupirocin treatment.  with a significantly hqher SSI risk than
In a recent study of high-risk pancreatecConcerns have been raised regarding theither the use of depilatory agents or no
tomy patients with cancer, the provisioncomparability of the two patient hair removal.16,100,166-169 )
of TPN preoperatively had no beneficialgroups.153 Additionally, there is concernin one study, SSI rates were 5.6% in pa-
effect on SSl risk.142" o ~that mupirocin resistance may emerge, atients who "had hair removed by razor
A randomized prospective trial involving though this seems unlikely when treatshave compared to a 0.6% rate among
395 general and thoracic surgery patientment courses are brief.81 o ~those who had hair removed by depilatory
compared outcomes for malnourished paA_lprospectlve, randomized clinical trial or who had no hair removed.166 ]
tients preoperatively receiving either a 7-will be necessary to establish definitivelyThe increased SSI risk associated with
to 15-day TPN regimen or a regular prethat eradication of nasal carriage of Sshaving has been attributed to micro-

operative hospital diet. aureus is an effective SSI preventiorscopic cuts in the skin that later serve as
Allpatients were followed for 90 days method in cardiac surgery. foci for bacterial multiplication. Shaving
[lj_ostoperatlvely. ] Such a trial has recently been completetmmediately before the operation com-
here was no detectable benefit of TPNon 3,909 patients in lowa.83 _ pared to shaving within 24 hours preop-
administration on the incidence ofFive types of operations in two facilities eratively was associated with decreased
incisional or organ/space SS1.143 were observed. SSI rates (3.1% vs 7.1%); if shaving was

Administering TPN or TEA may be indi- Preliminary analysis showed a si_gnificangerformed >24 hours prior to operation,
cated in a number of circumstances, buassociation between nasal carriage of She SSI rate exceeded 20%.166

such repletion cannot be viewed narrowlyaureus and subsequent SSI developmer€lipping hair immediately before an op-
as a prevention measure for organ/spacthe effect of mupirocin on reducing SSleration also has been associated with a

or incisional SSI risk. o risk is yet to be determined. lower risk of SSI than shaving or clipping
When a major elective operation is neces- . ) ] the nlg.ht before an operation (SSI rates
sary in a severely malnourished patientg. Perioperative transfusion immediately before = 1.8% vs night be-

experienced surgeons often use both prdt has been reported that perioperativdéore = 4.0%).170-173 )
and postoperative nutritional support intransfusion of leukocyte-containing allo- Although the use of depilatories has been
consideration of the major morbidity as-geneic blood comJJonents is an apparergssociated with a lower SSI risk than
sociated with numerous potential compli-risk factor for the development of postop-shaving or clipping,166,167 depilatories
cations, only one of which is organ/spaceerative bacterial infections, including sometimes produce hypersensitivity reac-
SS1.118,124,130,133,137,138,144-149 SSI1.106 tions.166
In addition, postoperative nutritional sup-In three of five randomized trials con- Other studies showed that preoperative

ort is important for certain major onco-ducted in patients undergoing elective cohair removal by any means was associated
ogic operations,135,136 after mang op-on resection for cancer, the risk of SSlwith increased SSI rates and suggested
erations on ma*or_trauma victims,134 orwas at least doubled |n{)at|ents receivinghat no hair be removed.100,174,175
in patients suffering a variety of cata-blood transfusions.107-109 ) . ) o
strc()fhlc surgical complications that pre-However, on the basis of detailed epide€. Patient skin preparation in the operat-
clude eating or that trigger a hypermetamiologic reconsiderations, as many as 1ihg room
bolic state. confounding variables may have’ influ-Several antiseptic agents are available for
Randomized clinical trials will be neces-enced the reported association, and angreoperative preparation of skin at the in-
sary to determine if nutritional support al-effect of transfusion on SSI risk may becision site (Table 6).
ters SSI risk in specific patient-operationeither small or nonexistent.106
combinations. Because of methodologic problems, in-

cluding the timing of transfusion, and use Table 6. Mechanism and Spectrum of

e. Prolonged preoperative hospital stay of nonstandardized SSI definitions, inter-Activity of Antiseptic Agents Commonly
Prolonged preoperative hospital stay igpretation of the available data is limited.Used for Preoperative Skin Preparation
frequently suggested as a patient chara& meta-analysis of published trials will and Surgical Scrubs
teristic associated with increased SSI riskprobably be required for resolution of the
However, length of preoperative stay iscontroversy.15 The iodophors (e.g., povidone-iodine), al-
likely a surrogate for severity of illness There is currently no scientific basis forcohol-containing products, and

and co-morbid conditions requiring inpa-withholding necessary blood productschlorhexidine gluconate are the most
tient work-up and/or therapy before thefrom_sur%mal patients as a means of eithecommonly used agents. No studies have
operation.16,26,65,85,94,100,150,151 incisional or organ/space SSI risk reducadequately assessed the comparative ef-
) o _tion. fects of these preoperative skin antiseptics
f. Preoperative nares colonization with ) o ~on SSI risk in well-controlled, operation-
Staphylococcus aureus . 2. Operative characteristics: Preoperativepecific studies.
S. aureus is a frequent SSl isolate. issues _ Alcohol is defined by the FDA as hav-
This pathogen is carried in the nares of ing one of the following active ingredi-

20% to 30% of healthy humans.81 It hasa. Preoperative antiseptic showering ents: ethyl alcohol, 60% to 95% by vol-
been known for years that the developA preoperative antiseptic shower or batbume in an aﬂueous solution, or isopropyl
ment of SSI involving S. aureus is defi-decreases skin microbial colony counts. Irmlcohol, 50% to 91.3% by volume in an
nitely associated with preoperative nares study of >700 patients who received twaqueous solution.12 ) )
c_arr|a%e of the organism in surgical papreoperative antiseptic showers,Alcohol is readily available, inexpensive,
tients.81 chlorhexidine reduced bacterial colonyand remains the most effective and rapid-
A recent multivariate analysis demon-counts ninefold (2.8+~102 to 0.3), whileacting skin antiseptic.176
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Aqueous 70% to 92% alcohol solutions4% chlorhexidine gluconate was com-While work exclusion policies should be
have germicidal activity against bacteriapared to alcoholic chlorhexidine (60% enforceable and include a statement of au-
fungi, and viruses, but Spores can be resissopropanol and 0.5% chlorhexidine glu-thority to exclude ill personnel, they
tant.176,177 One potential disadvantageonate in 70% isopropanol), alcoholicshould also be designed to encourage per-
of the use of alcohol in the operating roonchlorhexidine was found to have greatelsonnel to report their illnesses and expo-
is its flammability.176-178 residual antimicrobial activity.200,201  sures and not penalize personnel with loss
Both chlorhexidine gluconate and io-No agent is ideal for every situation, and af wages, benefits, or job status.238
dophors have broad spectra of antimicromajor factor, aside from the efficacy of
bial activity.177,179-181 In some com-any product, is its acceptability by operatf. Antimicrobial prophylaxis
parisons of the two antiseptics when usethg room personnel after repeated useSurgical antimicrobial prophylaxis
as preoperative hand scrubsUnfortunately, most studies evaluating(AMP) refers to a very brief course of an
chlorhexidine gluconate achieved greatesurgical scrub antiseptics have focused oantimicrobial agent initiated just before
reductions in skin microflora than did measuring hand bacterial colony counts.an operation begins.239-265
povidone-iodine and also had greater reNo clinical trials have evaluated the im-AMP is not an attempt to sterilize tissues,
sidual activity after a single applica- pact of scrub agent choice on SShut a critically timed adjunct used to re-
tion.182-184 risk.195,202-206 duce the microbial burden of intraopera-
Further, chlorhexidine gluconate is not Factors other than the choice of antisegtive contamination to a level that cannot
inactivated by blood or serum pro-tic agent influence the effectiveness of th@verwhelm host defenses.
teins.176,179,185,186 lodophors may bsurgical scrub. Scrubbing technique, theAMP does not pertain to prevention of
inactivated by blood or serum proteins,duration of the scrub, the condition of theSSI caused by postoperative contamina-
but exert a bacteriostatic effect as long aBands, or the techniques used for dryingion.265 Intravenous infusion is the mode
they are present on the skin.178,179 = and gloving are examples of such factorsof AMP delivery used most often in mod-
Before the skin preparation of a patienRecent studies suggest that scrubbing farn surgical practice.20,26,242,266-281
is initiated, the skin should be free ofat least 2 minutes is as effective as the tr&=ssentially all confirmed AMP indica-
gross contamination (i.e., dirt, soil, or anyditional 10-minute scrub in reducingtions pertain to elective operations in
other debris).187 hand bacterial colony counts,207-211 butvhich skin incisions are closed in the op-
The patientefs skin is prepared by applythe optimum duration of scrubbing is noterating room.
ing an antiseptic in concentric circles, beknown. Four principles must be followed to
ginning in the area of the proposed inci-The first scrub of the day should include amaximize the benefits of AMP:
sion. thorough cleaning underneath fingernails Use an AMP agent for all operations or
The prepared area should be large enoudhsually with a brush).180,194,21 classes of operations in which its use has
to extend the incision or create new incidt is not clear that such cleaning is a necbeen shown to reduce SSI rates based on
sions or drain sites, if neces-essary part of subsequent scrubs duringvidence from clinical trials or for those
sary.1,177,187 the day. operations after which incisional or or-
Theé application of the skin preparationAfter performing the surgical scrub, gan/space SSI would represent a catastro-
may need to be modified, depending orhands should be kept up and away fronphe.266,268,269,282-284
the condition of the skin (e.g., burns) orthe body (elbows in flexed position) so Use an AMP agent that is safe, inexpen-
location of the incision site (e.g., face). that water runs from the tips of the fingerssive, and bactericidal with an in vitro
There are reports of modifications to thdoward the elbows. spectrum that covers the most probable
procedure for preoperative skin preparaSterile towels should be used for dryingintraoperative contaminants for the
tion which include: (1) removing or wip- the hands and forearms before the dorsperation.
ing off the skin preparation antisepticning of a sterile gown and gloves.212 ime the infusion of the initial dose of
agent after application, (2) using an anti- A surgical team member who wears arantimicrobial agent so that a bactericidal
septic-impregnated adhesive drape, (3fificial nails may have increased bacterialconcentration of the drug is established in
merely painting the skin with an antisep-and fungal colonization of the hands deserum and tissues by the time the skin is
tic in lieu of the skin preparation proce-spite performing an adequate handncised.285
dure described above, or (4) using acrub.212,213 Maintain therapeutic levels of the an-
“clean”versus a “sterile”surgical skin Hand carriage of gram-negative organtimicrobial agent in both serum and tis-
areparatlon kit.188-191 o isms has been shown to be greater amorgyies throughout the operation and until,
owever, none of these modifications hasvearers of artificial nails than amongat most, a few hours after the incision is
been shown to represent an advantage. non-wearers.213 closed in the ogerating room.179,266-
An outbreak of Serratia marcescens SSI268,282,284,28
d. Preoperative hand/forearm antiseﬁsis in cardiovascular surgery patients wasBecause clotted blood is present in all sur-
Members of the surgical team who havdound to be associated with a surgica%ical wounds, therapeutic serum levels of
direct contact with the sterile operatingnurse who wore artificial nails.214 MP agents are logically important in
field or sterile instruments or suppliesWhile the relationship between nailaddition to therapeutic tissue levels.
used in the field wash their hands andength and SSI risk is unknown, longFibrin-enmeshed bacteria may be resis-
forearms by performing a traditional pro-nails?artificial or natural?may be associtant to Bhagocytosis or to contact with an-
cedure known as scrubbing (or the surgiated with tears in ‘surgical timicrobial agents that diffuse from the
cal scrub) immediately before donninggloves.177,180,212 wound space.
sterile gowns and gloves. The relationship between thewearing of
Ideally, the optimum antiseptic used fornail polish or jewelry b% surgical team Table 4 summarizes typical SSI patho-
the scrub should have a broad spectrum ahembers and SSI risk has not been adyens according to operation type and cites
activity, be fast-acting, and have a persisequately studied.194,212,215-217 studies that establish AMP efficacy for
tent effect.1,192,193 ) ) _ ~ these operations. ) o
AntlseBtI(_: agents commercially availablee. Management of infected or colonizedA simple way to organize AMP indica-
in the United States for this purpose consurgical personnel tions is based on using the surgical wound
tain alcohol, chlorhexidine, iodine/io- Surgical personnel who have active infec¢lassification scheme shown in Table 7,
dophors, _Para—chloro—meta—xylenol, ortions or are colonized with certain micro-which employs descriptive case features
triclosan (Table 6 ).176,177,179,194,1950rganisms have been linked to outbreak® postoperatively grade the degree of in-
Alcohol is considered the gold standardor clusters of SSIs.33,34,76,218-23%raoperative microbial contamination.
for surgical hand preparation in severalThus, it is important that healthcare orga-
European countries.196-199 Alcohol-nizations implement policies to preventTable 7. Surgical Wound Classification
containing products are used less fretransmission of microorganisms from
qguently in the United States than in Eupersonnel to patients. Class I/Clean: An uninfected operative
rope, possibly because of concerns abouthese gaolicies should address managewvound in which no inflammation is en-
flammability and skin irritation. ment of job-related illnesses, provision ofcountered and the respiratory, alimentary,
Povidone-iodine and chlorhexidine glu-postexposure prophylaxis after job-relatedyenital, or uninfected urinary tract is not
conate are the current agents of choice faxposures and, when necessary, exclusi@ntered. In addition, clean wounds are
most U.S. surgical team members.177 of ill personnel from work or patient con- primarily closed and, if necessary,
However, when 7.5% povidone-iodine ortact. drained with closed drainage. Operative
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incisional wounds that follow In such operations, patients are frequentlyn general, the timing of a second (or
nonpenetrating (blunt) trauma should beeceiving therapeutic antimicrobial third, etc.) dose of any AMP drug is esti-
included in this category if they meet theagents perioperatively for established inmated from three parameters: tissue levels
criteria. fections. achieved in normal patients by a standard
Class ll/Clean-Contaminated: An opera- CephalosBorins are the most thoroughl{?era?eutic dose, the approximate serum
tive wound in which the respiratory, ali- studied AMP agents.284 alf-life of the drug, and awareness of ap-
mentary, genital, or urinary tracts are enThese drugs are effective against manproximate MIC90 values for anticipated
tered under controlled conditions andgram-positive and gram-negative micro-SSI| pathogens.

without unusual contamination. organisms. References in Table 6 should be consulted
‘Specifically, operations involving the bil- They also share the features of demorfor these details and important properties
iary tract, appendix, vagina, and oropharstrated safety, acceptable pharmacokinetf antimicrobial agents used for AMP in
ynx are included in this category, pro-ics, and a reasonable cost per dose.242 various specialties.

vided no evidence of infection or majorIn particular, cefazolin is widely used and Basic “rules of thumb”guide decisions

break in technique is encountered. ?enerally viewed as the AMP agent ofabout AMP dose sizes and timing.
Class Ill/Contaminated: Open, fresh, ac{irst choice for clean operations.266 For example, it is believed that a full
cidental wounds. If a patient is unable to receive a cephatherapeutic dose of cefazolin (1-2 g)

In addition, operations with major breakslosporin because of penicillin allergy, anshould be given to adult patients no more
in sterile technique (e.g., open cardiaalternative for gram-positive bacterialthan 30 minutes before the skin is in-
massage) or gross spillage from the gaszoverage is either clindamycin or vanco-cised.242,285 There are a few exceptions
trointestinal tract, and incisions in whichmycin. to this basic guide.

acute, nonpurulent inflammation is en- Cefazolin provides adequate coverag#&Vith respect to dosing, it has been dem-
countered are included in this category. for many clean-contaminated operationspnstrated that larger doses of AMP agents
Class IV/Dirty-Infected: Old traumatic 268,291 but AMP for operations on theare necessary to achieve optimum effect in
wounds with retained devitalized tissuedistal intestinal tract mandates use of amorbidly obese patients.293 With respect
and those that involve existing clinical in-agent such as cefoxitin (or some other sede timing, an exception occurs for patients
fection or perforated viscera. ond-generation cephalosporin) that proundergoing cesarean section in whom
This definition suggests that the organvides anaerobic coverage. AMP is indicated: the initial dose is ad-
isms causing postoperative infectionlf a patient cannot safely receive a cephaministered immediately after the umbili-
were present In the operative field befordosporin because of allergy, a reasonableal cord is clamped.266,272,273

the operation. alternative for gram-negative coverage idf vancomycin is used, an infusion period
aztreonam. However, an agent such asf approximately 1 hour is required for a
Garner JS1 and Simmons BP.2 clindamycin or metronidazole should alsogr)ical dose.
be included to ensure anaerobic coverag€&learly, the concept of “on-call’infusion

The aminogl¥cosides are seldom recef AMP is flawed simply because delays
A surgeon makes the decision to use AMPmmended as first choices for AMP, ei-in transport or schedule changes can
by anticipating preoperatively the surgi-ther as single drugs or as components ahean that suboptimal tissue and serum
cal wound class for a given operation.  combination regimens.242,264 levels may be present when the operation
AMP is indicated for all operations thatReferences cited in Table 4 provide manytarts.242,294
entail entry into a hollow viscus underdetails regardin% AMP choices and dosSimple protocols of AMP timing? and
controlled conditions. ages, antimicrobial spectra and propereversight responsibility should be locally
The most frequent SSI pathogens for sucties, and other practical clinical informa-designed to be practical and effective.
clean-contaminated operations are listedion.
in Table 4 . The routine use of vancomycin in AMP 3. Operative characteristics: Intraopera-
Certain clean-contaminated operationsis not recommended for any kind of op-tive issues
such as elective colon resection, low anteeration.242,266,283,292
rior resection of the rectum, and abdomiHowever, vancomycin may be the AMPa. Operating room environment
noperineal resection of the rectum, als@gent of choice in certain clinical circum-(1) Ventilation
require an additional preoperative protecstances, such as when a cluster of MRS®perating room air may contain micro-
tive maneuver called “preparation of themediastinitis or incisional SSI due to me-bial-laden dust, lint, skin squames, or res-
colon,”to empty the bowel of its contentsthicillin-resistant coagulase-negative stapiratory droplets. The microbial level in
and to reduce the levels of live microor-phylococci has been detected. operating room air is directly propor-
anisms.200,239,256,268,284,287 A threshold has not been scientifically detional to the number of people moving
his maneuver includes the administrafined that can sup%ort the decision to usabout in the room.295
tion of enemas and cathartic agents folvancomycin in AMP. Therefore, efforts should be made to mini-
lowed by the oral administration of non-The decision should involve consider-mize personnel traffic during operations.
absorbable antimicrobial agents in di-ation of local frequencies of MRSA iso- Outbreaks of SSIs caused by group A
vided doses the day before the operalates, SSI rates for particular operationshbeta-hemolytic streptococci have been
tion.200,288,289 review of infection prevention practicestraced to airborne transmission of the or-
AMP is sometimes indicated for opera-for compliance, and consultation betweemganism from colonized operating room
tions that entail incisions through normalsurgeons and infectious disease experts.PersonneI to patients.233,237,296,297
tissue and in which no viscus is enteredAn effective SSI surveillance programIn these outbreaks, the strain causing the
and no inflammation or infection is must be operational, with careful andoutbreak was recovered from the air in the
encountered. Two well-recognized AMPtimely culturing of SSI isolates to deter—operatingI room.237,296 It has been dem-
indications for such clean operations aremine species and AMP agent susceptibilionstrated that exercising and  changing
(1) when any intravascular prosthetic maties.80 of clothing can lead to airborne dissemi-
terial or a prosthetic joint will be inserted, Agents most commonly used for AMP nation of group A streptococci from vagi-
and (2) for any operation in which an(i.e., cephalosporins) exhibit time-depen-al or rectal carriage.233,234,237,29
incisional or organ/space SSI would pose&lent bactericidal action. Operating rooms should be maintained
catastrophic risk. The therapeutic effects of such agents arat positive pressure with respect to corri-
Examples are all cardiac operations, inprobably maximized when their levelsdors and adjacent areas.298
cluding cardiac pacemaker Placementcontinuously exceed a threshold valudPositive pressure prevents airflow from
290 vascular operations involving pros-best approximated by the minimal bactedess clean areas into more clean areas. All
thetic arterial graft placement at any sitericidal concentration value observed forventilation or air conditioning systems in
or the revascularization of the lower ex-the target pathogens in vitro. hospitals, including those in operating
tremity, and most neurosurgical opera‘When the duration of an operation is exrooms, should have two filter beds in se-
tions (Table 4). pected to exceed the time In which theraries, with the efficiency of the first filter
Some have advocated use of AMP duringeutic levels of the AMP agent can bebed being 30% and that of the second fil-
all operations on the breast.80,242,264 maintained, additional AMP agent shouldter bed being 90%.299

By definition, AMP is not indicated for be infused. o ) Conventional operating room ventilation
an operation classified in Table 7 as conThat time point for cefazolin is estimatedsystems produce a minimum of about 15
taminated or dirty. as 3to 4 hours. air changes of filtered air per hour, three
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(20%) of which must be fresh air.299,300sence of contamination or visible soiling. mended for implantable devices because
Air should be introduced at the ceilingWhen visible soiling of surfaces or equluzp-qf the potential for serious infec-
and exhausted near the floor.300,301 Dement occurs during an operation, an Entions.314,320,321
tailed ventilation parameters for operatvironmental Protection Agency (EPA)- Flash sterilization is not recommended
ing rooms have been published by thepproved hospital disinfectant should beas a routine sterilization method because
American Institute of Architects in col- used to decontaminate the affected areas the lack of timely biologic indicators to
laboration with the U.S.Department ofbefore the next operation.180,212,300monitor ﬁerfprmance, absence of protec-
Health and Human Services (Table 8).299802,313-315 ) . tive packaging following sterilization,
This is in keeping with the Occupationalpossibility for contamination of processed
) SafetX and Health Administration items during transportation to operating
Table 8. Parameters for OperatindOSHA) requirement that all equipmentrooms, and use of minimal sterilization

Room and environmental surfaces be cleanedycle parameters (i.e., time, temperature,

Ventilation, American Institute of Archi- and decontaminated after contact withpressure).319

tects, 1996 blood or other potentially infectious mate-To address some of these concerns, many
rials.315 hospitals have placed equipment for flash

Wet-vacuuming of the floor with an EPA- sterilization in close proximity to operat-

Laminar airflow and use of UV radia- approved hospital disinfectant is per-ing rooms and new biologic indicators
tion have been suggested as additiondbrmed routinely after the last operationthat provide results in 1 to 3 hours are
measures to reduce SSI risk for certaimf the day or night. now available for flash-sterilized
operations. Care should be taken to ensure that meditems.322-325
Laminar airflow is designed to move par-cal equipment left in the operating roomNevertheless, flash sterilization should be
ticle-free air (called “ultraclean air”) over be covered so that solutions used duringestricted to its intended purpose until
the aseptic operating field at a uniformcleaning and disinfecting do not contactstudies are performed that can demon-
velocity (0.3 to 0.5 um/sec), sweepingsterile devices or equipment.316 strate comparability with conventional
away particles in its path. Laminar air- There are no data to support special clearsterilization methods regarding risk of
flow can be directed vertically or horizon-ing procedures or closing of an operatingSSl.
tally, and recirculated air is usually room after a contaminated or dirty operaSterilization cycle parameters for flash
Passed through a high efficiency particution has been performed.300,301 sterilization are shown in Table 9.
ate air (HEPA) filter.302,303 Tacky mats placed outside the entrance
HEPA filters remove particles 0.3um into an operating room/suite have not been
diameter with an efficiency of shown to reduce the number of organisms Table 9. Parameters for Flash Steriliza-
99.97%.64,300,302,304 on shoes or stretcher wheels, nor do tion
Most of the studies examining the efficacythey reduce the risk of SSI.1,179,295,301Cycles, Association for the Advancement
of ultraclean air involve only orthopedic of
operations.298,305-311 ES) Microbiologic sampling Medical Instrumentation
Charnley and Eftaknan studied verticalBecause there are no standardized param-
laminar airflow systems and exhaust-veneters by which to compare microbial lev-
tilated clothing and found that their useels obtained from cultures of ambient airb. Surgical attire and drapes
decreased the SSl rate from 9% to 1%.306r environmental surfaces in theln this section the term surgical attire re-
However, other variables ?i.e., surgeoroperatingroom, routine microbiologic fers to scrub suits, caps/hoods, shoe cov-
experience and surgica technlque)samﬁlmg cannot be justified. ers, masks, gloves, and gowns.
changed at the same time as the type &uch environmental sampling shouldAlthough experimental data show that
ventilation, which may have confoundedonly be performed as part of an epidemiolive microorganisms are shed from hair,
the associations. logic investigation. exposed skin, and mucous membranes of
In a multicenter study examining 8,000 ogerating room personnel,75,181,326-
total hip and knee replacements, Lidwell(4) Conventional sterilization of surgical 330 few controlled clinical studies have
et al. compared the effects of ultracleannstruments evaluated the relationship between the use
air alone, antimicrobial prophylaxis Inadequate sterilization of surgical instru-of surgical attire and SSI risk.
alone, and ultraclean air in combinationments has resulted in SSI out-Nevertheless, the use of barriers seems
with antimicrobial prophylaxis on the rate breaks.302,317,318 prudent to minimize a patientefs expo-
of deep SSls.307 Surgical instruments can be sterilized bysure to the skin, mucous membranes, or
The SSI rate following operations insteam under pressure, dry heat,ethyleneair of surgical team members, as well as
which ultraclean air alone was used deexide, or other approved methods. to protect surgical team members from
creased from 3.4% to 1.6%, whereas th&@he importance of routinely monitoring exposure to blood and bloodborne patho-
rate for those who received only antimi-the quality of sterilization procedures hasggens (e.g., human immunodeficiency vi-
crobial prophylaxis decreased from 3.4%been established.1,180,212,299 rus and hepatitis viruses).
to 0.8%. Microbial monitoring of steam autoclave
When both interventions were used inperformance is necessary and can be a¢t) Scrub suits
combination, the SSI rate decreased fromomplished by use of a biological indica-Surgical team members often wear a uni-
3.4% to 0.7%. These findings suggest thabr.212,314,319 form called a “scrub suit"that consists of
both ultraclean air and antimicrobial Pro-DetaiIed recommendations for steriliza-pants and a shirt. _
Pr;?llams can reduce the incidence of SStion of surgical instruments have beerPolicies for laundering, wearing, cover-
(o]

owing orthopedic implant operations, published.212,314,320,321 ing, and changing scrub suits vary
but antimicrobial prophylaxis is more o o reatly. ] .
beneficial than ultraclean air. (5) Flash sterilization of surgical instru- Some policies restrict the laundering of
Intraoperative UV radiation has not beemments scrub suits to the facility, while other fa-

shown to decrease overall SSI risk.94,31The Association for the Advancement ofcilities have policies that allow launder-
. Medical Instrumentation defines flashing by employees. .

EZ) Environmental surfaces _ sterilization as “the process designatedhere are no well-controlled studies

nvironmental surfaces in U.S. operatingor the steam sterilization of patient careevaluating scrub suit laundering as an SSI
rooms (e.g., tables, floors, walls, ceilingsjtems for immediate use.”321 risk factor.331 Some facilities have poli-
Il?hts) are rarely implicated as the source®uring any operation, the need for emer<ies that restrict the Wearln? of scrub suits
of pathogens important in the develop-gency sterilization of equipment mayto the operating suite, while other facili-
ment of SSls. arise (e.g., to reprocess an inadvertentlties allow the wearing of cover gowns
Nevertheless, it is important to performdropped instrument). over scrub suits when personnel leave the
routine cleaning of these surfaces to reeddowever, flash sterilization is not in- suite.
tablish a clean environment after each optended to be used for either reasons ofhe Association of Operating Room
eration.180,212,300,302 convenience or as an alternative to purNurses recommends that scrub suits be
There are no data to support routine disinehasing additional instrument sets or tachanged after they become visibly soiled
fecting of environmental surfaces orsave time. and that the&/ be laundered ongl in an ap-
equipment between operations in the abAlso, flash sterilization is not recom- proved and monitored laundry facil-
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ity.212 ) ~asingle pair.344,345 removing devitalized (e.g., necrotic or

Additionally, OSHA regulations require charred? tissues, using drains and suture
that “if a %arment(s) is penetrated byg) Gowns and drapes material appropriately, eradicating dead
blood or other potentially infectious mate-Sterile surgical gowns and drapes arspace, and appropriately managing the

rials, the garment(s) shall be removed used to create a barrier between tﬂe surgpostoperative incision.
immediately or as soon as feasible.”315 cal field and potential sources of bacteria. Any foreign body, including suture ma-
Gowns are worn bal all scrubbed surgicaterial, a prosthesis, or drain, may promote

%_2) Masks . ] team members and drapes are placed overflammation at the surgical site94 and

he wearing of surgical masks during op-the patient. may increase the probability of SSI after
erations to prevent potential microbialThere are limited data that can be used totherwise benign levels of tissue contami-
contamination of incisions is a understand the relationship of gown omation. )
longstanding surgical tradition. drape characteristics with SSI risk. Extensive research compares different
However, some studies have raised (?_ueé'—he wide variation in the products andtypes of suture material and thelrfre-
tions about the efficacy and cost-benefit otudy designs make interpretation of thesumed relationships to SSI risk.370-379
surgical masks in reducing SSlliterature difficult.329,346-350 “In general, monofilament sutures appear
risk.328,332-338 Gowns and drapes are classified as dise have the lowest infection-promoting ef-
Nevertheless, wearing a mask can be bemposable (single use) or reusable (multipldects.3,94,179,180 ) i
eficial since it protects the wearerefsuse). ) A discussion of appropriate surgical
nose and mouth from inadvertent expoRegardless of the material used to manwdrain use and details of drain placement
sures (i.e., splashes) to blood and otheélcture gowns and drapes, these itemexceed the scope of this document, but
body fluids. ) ~ should be impermeable to liquids and w%en_eral oints should be briefly noted.
OSHA regulations require that masks inruses.351,352 . _ Drains placed through an operative inci-
combination with protective eyewear,In general, only gowns reinforced with sion increase incisional SSI risk.380
such as goggles or glasses with solidilms, coatings, or membranes appear tdlany authorities suggest placing drains
shields, or chin-length face shields bemeet standards developed by the Amerithrough a separate Incision distant from
worn whenever splashes, spray, spattecan Society for Testing and Materi-the operative incision.283,381 It appears
or droplets of blood or other potentially als.351-353 o that SSI risk also decreases when closed
infectious material may be generated anéiowever, such “liquid-proof’'gowns may suction drains are used rather than open
eye, nose, or mouth contamination can bbe uncomfortable because they also indrains.174 _ )
reasonably anticipated.315 In addition, éibit heat loss and the evzyaoranon ofClosed suction drains can effectively
respirator certified by the National Insti- sweat from the wearersfs body. evacuate postoperative hematomas or
tute for Occupational Safety and HealthThese factors should be considered wheseromas, but timing of drain removal is
with protection factor N95 or higher is re- selecting gowns.353,354 important. o o )
quired when the patient has or is susA discussion of the role of gowns andBacterial colonization of |n|t|aI3/ sterile

u

pected of having infectious tuberculo-drapes inpreventing the transmission ofirain tracts increases with the duration of
Sis.339 bloodborne pathogens is beyond the scop@me the drain is left in place.382
) of this document.355 _ Hypothermia in surgical patients, de-
gB) Surgical caps/hoods and shoe covers ] ) . fined as a core body temperature below
urgical caps/hoods are inexpensive and. Asepsis and surgical technique 36+<C, may result from general anesthe-
reduce contamination of the surgical field ) sia, exposure to cold, or intentional
by organisms shed from the hair and1) Asepsis o coolingsuch as is done to protect the myo-
scalp. igorous adherence to the principles otardium and central nervous system dur-

p . ) ¢ . .

SSI outbreaks have occasionally beemsepsis by all scrubbed personnel is thimg cardiac operations.302,383,384
traced to organisms isolated from the haifoundation of surgical site infection pre-In one study of patients undergoing
or scal ;S. aureus and group A Streptovention. ) o colorectal operations, hypothermia was
coccusg), 5,76 even when caps were wor@thers who work in close ﬁI’OXImIty to the associated with an increased SSI risk.385
by personnel during the operation and irsterile surgical field, such as anesthesiMild hypothermia appears to increase
the operating suites. yersonnel who are separated from thencisional SSI risk by causing vasocon-

The use of shoe covers has never bedield only by a drape barrier, also muststriction, decreased delivery of oxygen to
shown to decrease SSI risk or to decreasabide by these principles. ‘the wound space, and subsequent impair-
bacteria counts on the operating roon5SIs have occurred in which anesthesiaent of function of phagocytic leukocytes
floor.340,341 personnel were implicated as the source di.e., neutrophllsR.386- 90
Shoe covers may, however, protect surgithe pathogen.34,231,234,356-358 ~ In animal models, supplemental oxygen
cal team members from exposure to blood\nesthesiologists and nurse anesthetissdministration has been shown to reverse
and other body fluids during an operationperform a variety of invasive proceduresthe dysfunction of phagocytes in fresh in-
OSHA regulations require that surgicalsuch as placement of intravascular deeisions.391 ]
caps or hoods and shoe covers or boots lvéces and endotracheal tubes, and admirin recent human experiments, controlled
worn in situations when gross contaminaistration of intravenous drugs and soludocal heating of incisions with an electri-

tion can reasonably be anticipated (e.gtions. o cally powered bandage has been shown to
orthopedic operations, penetratingLack of adherence to the principles ofimprove tissue oxygenation.392
trauma cases).315 aseJ:_)3|s during such procedures,359 inRandomized clinical trials are needed to
] cluding use of common sc}/rlnges360,361establlsh that measures which improve
4) Sterile gloves ~and contaminate infusion wound space oxygenation can reduce SSI
terile gloves are put on after donningpumps,359,362-364 and the assembly afisk.
sterile gowns. equipment and solutions in advance of

A strong theoretical rationale supports theprocedures,316,360 have been associatdd Operative characteristics: Postopera-
wearing of sterile gloves by all scrubbedwith outbreaks of postoperative infec-tive issues

members of the surgical team. tions, including SSI.

Sterile gloves are worn to minimize trans-Recommendations for infection controla. Incision care

mission of microorganisms from the practices in anesthesiology have beeithe type of postoperative incision care is

hands of team members to patients and tpublished.212,365-367 determined by whether the incision is
prevent contamination of team ) ) closed primarily (i.e., the skin edges are
membersefhands with patientsefblood(2) Surgical technique o re-approximated at the end of the opera-
and body fluids. ) ] -xcellent surgical technique is widely be-tion), left open to be closed later, or left
If the integrity of a glove is compromisedlieved to reduce the risk of open to heal by second intention.

(e.g., punctured), it should be changed aSSI.26,49,179,180,368,369 When a surgical incision is closed prima-

romptly as safety permits.315,342,343 Such techniques include maintaining ef+ily, as most are, the incision is usualk/
Wearing two pairs of gloves (double-glov-fective hemostasis while preserving ad-covered with a sterile dressing for 24 to 48
ing) has been shown to reduce hand corequate blood supple/, preventing hypothhours.393,394

tact with patientsef blood and body fluidsermia, gently handling tissues, avoidingBeyond 48 hours, it is unclear whether an
when compared to wearing only inadvertent entries into a hollow viscus,incision must be covered by a dressing or
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whether showering or bathing is detri-These showed that even within the catFor the three variables used in the NNIS
mental to healing. egory of clean wounds, the SSI risk variedisk index, only one study has focused on
When a surgical incision is left open atby risk category from 1.1% to 15.8% how accurately any of them are recorded.
the skin level for a few days before it |sg ENIC) and from 1.0% to 5.4% Cardo et al. found that surgical team
closed (delayed primary closure), a sur{NNIS).125,126 ~ membersef accuracy in assessing wound
geon has determined that it is likely to bdn addition, sometimes an incision is in-classification for general and trauma sur-
contaminated or that the patientefs coneorrectly classified by a surgical teamgery was 88% (95% CI: 82%-94%).409
dition prevents primary closure (e.g.,member or not classitied at all, calling However, there are sufficient ambiguities
edema at the site). into question the reliability of the classifi- in the wound class definitions themselves
When such is the case, the incision igation. ) __ to warrant concern about the reproduc-
ched with a stenle_d_ress_m?. Therefore, reporting SSI rates stratifiedbility of Cardoefs results. )

hen a surgical incision is left open toby wound class alone is not recom-The accuracy of recording the duration of
heal by second intention, it is also packednended. ) ) operation (i.e., time from skin incision to
with sterile moist gauze and covered with Data on 10 variables collected in theskin closure) and the ASA class has not
a sterile dressing. SENIC Project were analyzed by using lobeen studied.
The American College of Surgeons, CDCgistic regression modeling to develop an an unpublished report from the NNIS
and others have recommended using stesimple additive SSI risk index.125 system, there was evidence that
ile gloves and equipment (sterile tech-Four of these were found to be indepeneverreporting of high ASA class existed
nigue) when changing dressings on anylently associated with SSI risk: (1) an abin some ho_ﬂmtals. o
type of surgical incision.180,395-397  dominal operation, (2) an operation last+urther validation of the reliability of the

) ) ing >2 hours, (3) a surgical site with arecorded risk index variables is needed.

b. Discharge planning ] ~wound classification of either contami- Additionally, the NNIS risk index does
In current practice, many patients are disnated or dirty/infected, and 4) an operanot adequately discriminate the SSI risk
charged very soon after their operationtion performed on a patient having 3 disfor all types of operations.27,410 )
before surgical incisions have fully charge diagnoses. _ It seems likely that a combination of risk
healed.398 = Each of these equally weighted factordactors specific to patients undergoing an
The lack of optimum protocols for home contributes a point when present, sucloperation will be more predictive.
incision care dictates that much of what ighat the risk index values range from 0 toA few studies have been performed to de-
done at home by the patient, family, or4. ) velop procedure-specific risk indi-
home care adgency practitioners must b8y using these factors, the SENIC indexces218,411-414 and research in this area
individualized. predicted SSI risk twice as well as the tra€ontinues within CDCefs NNIS system.
The intent of discharge planning is toditional wound classification scheme )
maintain integrity of the healing incision, alone. o ) ) 2. SSl surveillance methods
educate the patient about the signs and The NNIS risk index is operation-spe-SSI surveillance methods used in both the
symptoms of infection, and advise the pacific and apﬁhed to prospectively col- SENIC Pro%ect and the NNIS system were

tient about whom to contact to report anylected surveillance data. _ designed for monitoring inpatients at
problems. The index values range from 0 to 3 pointsicute-care hospitals. _ _

and are defined by three independent an@ver the past decade, the shift from inpa-
F. SSI SURVEILLANCE equally weighted variables. tient to outpatient surgical care (also

Surveillance of SSI with feedback of ap-One point is scored for each of the follow-called ambulatory or day surgery) has
propriate data to surgeons has been showng when present: (1) American Societybeen dramatic.
to be an important component of strateof Anesthesiologists (ASA) Physical Sta-It has been estimated that 75% of all op-
ies to reduce SSI risk.16,399,400 tus Classification of >2 (Table 10), (2) ei-erations in the United States will be per-
successful surveillance p_rogiram in-ther contaminated or dwt;/)mfectedformed in outpatient settings by the year

cludes the use of epidemiologically soundvound classification (Table 7 ), and_|§3)200_0.4 _
infection definitions (Tables 1 and 2 ) andlength of operation >T hours, where T isWhile it may be apgropna’ge to use com-
effective surveillance methods, ~ the approximate 75th percentile of the dumon definitions of SSI for inpatients and
stratification of SSI rates according to riskration of the specific operation being per-outpatients,415 the types of operations
factors associated with SSI developmentformed.126 monitored, the risk factors assessed, and
and data feedback.25 ] o the case-finding methods used may differ.
) o able 10. Physical Status Classification, New predictor variables may emerge from
1. SSl risk stratification American Society of Anesthesiologists* analyses of SSIs among outpatient sur-
a. Concepts Society of Anesthesiolo-gists has revisedyery patients, which may lead to different

Three categories of variables have Erovetheir classification system; the most re-ways of estimating SSI risk in this popula-
to be reliable predictors of SSI risk: (1)cent version is available at http://tion. ) ) )

those that estimate the intrinsic degree ovww.asahq.org/profinfo/physical  The choice of which operations to
microbial contamination of the surgical status.html. monitor should be made jointly by sur-
site, (2) those that measure the duration of . ~geons and infection control personnel.

an operation, and (3) those that serve abhe ASA class replaced discharge diagMost hospitals do not have the resources
markers for host susceptibility.25  noses of the SENIC risk index as a surroto monitor all surgical patients all the
A widely accepted scheme for classifyinggate for the patientefs underlying severtime, nor is it likely that the same inten-
the degree of intrinsic microbial contami-ity of illness (host susceptibility)406,407 sity of surveillance is necessary for certain
nation of a surglcal site was developed bynd has the advantage of being readiljow-risk procedures. _
the 1964 NAS/NRC Cooperative Re-available in the chart during thelnstead, hospitals should target surveil-
search Study and modified in 1982 bypatientefs hospital stay. lance efforts toward high-risk proce-
CDC for use In SSI surveillance (Table 7Unlike SENICefs constant 2-hour cut- dures.416

2,94 _point for duration of operation, the opera- ) )

n this scheme, a member of the surgication-specific cut-points used in the NNISa. Inpatient SSI surveillance

team classifies the patientsfs wound atisk index increase its discriminatory Two methods, alone or together, have

the completion of the operation. .Power compared to the SENIC index.126been used to identify inpatients with SSls:
Because of its ease of use and wide avail- (1) direct observation of the surgical site
ability, the surgical wound classification b. Issues ) by the surgeon, trained nurse surveyor, or
has been used to predict SSIAdjustment for variables known to con-infection control person-
risk.16,94,126,401-405 found rate estimates is critical if valid nel16,97,399,402,409,417-420 and (2)
Some researchers have suggested that seemparisons of SSI rates are to be madedirect detection by infection control
geons compare clean wound SSI ratebetween surgeons or hospitals.408 personnel through review of laboratory

with those of other surgeons.16,399 Risk stratification, as described abovereports, patient records, and discussions
However, two CDC efforts (the SENIC has proven useful for this purpose, butrewith prim ar% care rovid-
Project and the NNIS system) incorpo-lies on the ability of surveillance person-ers.15,84,399,402,404,409,418,421-427
rated other predictor variables into SSinel to find and record data consistentlyThe surgical literature suggests that direct
risk indices. and correctly. observation of surgical sites is the most
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accurate method to detect SSls, althougBetween 12% and 84% of SSls are devisit to identify SSIs.459 _
sensitivity data are lack- tected after ganents are discharged fromVhile ascertainment was essentially
ing.16,399,402,417,418 _ ~ the hospital.98,337,402,428,435-454  100%, this method is impractical for
Much of the SSI data reported in the in-At least two studies have shown that mosividespread implementation. .
fection control literature has been generSSls become evident within 21 days afteHigh response rates have been obtained
ated bg indirect case-finding meth-operation.446,447 . ~ from questionnaires mailed to surgeons
0ds,125,126,422,425,426,428-430 busince the length of postoperative hospital{72%->90%).443,444,446,455,459-461
some studies of direct methods also havization continues to decrease, many SSIResponse rates from telephone question-
been conducted.97,409 Some studies useay not be detected for several weeks afaires administered to patients were more
both methods of detec- terdischarge and may not require readvariable (38%,444 81%,457 and

tion.84,409,424,427,431 _mission to the operating hospital. ~ 85%455), and response rates from ques-
A study that focused soIeI?/ on the sensiDependence solely on inpatient case-findtionnaires mailed to patients were quite
tivity and specificity of SSls detected bying will result in underestimates of low (15%455 and 33%446).

indirect methods found a sensitivity of SSI rates for some operations ﬁ'\? coroAt this time, no single detection method
83.8% (95% CI: 75.7%-91.9%) and anary artery byﬁass graft) gCDC/ IS sys-can be recommended. Available resources
specificity of 99.8% (95% CI: 99%- tem, unpublished data, 1998). and data needs determine which
100%).40 ~ Any comparison of SSI rates must takemethod(s) should be used and which op-
Another study showed that chart reviewinto account whether case-finding in-erations should be monitored. ]
triggered by a computer-generated repontluded SSis detected after discharge.  Regardless of which detection method is
of antibiotic orders for post-cesarean secFor comparisons to be valid, even in thaused, it is recommended that the CDC
tion patients had a sensitivity of 89% forsame institution over time, the NNIS definitions of SSI (Tables 1 and 2)
detecting endometritis.432 . Bostdlscharge surveillance methods musdie used without modification in the outpa-
Indirect SSI detection can readily bebe the same. ) tient setting.
performed by infection control personnel Postdischarge surveillance methods
during surveillance rounds. have been used with varying degrees o6. GUIDELINE EVALUATION PRO-
The work includes gathering demo-success for different procedures andCESS o )
graphic, infection, surﬂmal, and labora-among hospitals and include él) directThe value of the HICPAC guidelines is
tory data on P_atlents who have undergonexamination of patientssf wounds duringdetermined by those who use them.
operations of interest.433 ) follow-up visits to either surgery clinics To help assess that value, HICPAC is de-
These data can be obtained fromor hysiciansseft o f - veloping an evaluation tool to learn how
patientsef medical records, including mi-fices,15( ,399,402,4(_)4,430,436,440,441,447,%?2,@155nes meet user expectations, and
crobiology, histopathology, laboratory, (2) review of medical records of surgeryhow and when these guidelines are dis-
and pharmacy data; radiology reportsglinic patients,404,430,439 (3) patientseminated and implemented.
and records from the operating room. surveys by mail or tele-
Additionally, inpatient admissions, emer-phone,435,437,438,441,442 444,445 448,449 455- ) _
gency room, and clinic visit records are457 or (4) surgeon surveys by mail or tele- Il. Recommendations for prevention of
sources of data for those postdischargphone . 98,428,430, 437 - surgical site infection
sur?(mal patients who are readmitted 0439,443,444,446,448,450,451,455 A. RATIONALE ] )
seek follow-up care. One study found that patients have diffi-The Guideline for Prevention of Surgical
~ The optimum frequency of SSI case-culty assessing their own wounds for in-Site Infection, 1999, provides recommen-
finding by either method is unknown andfection (52% specificity, 26% positive dations concerning reduction of surgical
varies from daily to 3 times per week, con-predictive values),458 suggesting that dataite infection risk. =~ ]
tinuing until the patient is obtained by patient questionnaire may inEach recommendation is categorized on
dischargedfrom the hospital. Because duaccurately represent actual SSl rates.  the basis of existing scientific data, theo-
ration of hospitalization is often very Recently, Sands et al. performed a conretical rationale, and applicability.
short, postdischarge SSI surveillance haputerized search of three databases to delowever, the previous CDC system for
become increasingly important to obtaintermine which best identified SSls: amb_ucate%_onzm_g recommendations has been
accurate SSl rates (refer to “Postdischargetory encounter records for diagnostic,modified slightly. ) ) )
SSI Surveillance”section). testmg, and treatment codes; p armac?/ Category | recommendations, including
To calculate meaningful SSI rates, dataecords for specific ant|m|crob|alcjore- A and IB, are those recommendations
must be collected on all patients undergoscriptions; and administrative records forthat are viewed as effective by HICPAC
ing the operations of interest (i.e., therehospitalizations and emergency roonmand experts in the fields of surgery, infec-
Eopulatmn at risk). ) visits.446 This study found that pharmacytious diseases, and infection control.
ecause one of its purposes is to develogecords indicating a patient had receivedoth Category IA and IB recommenda-
strategies for risk stratification, the NNIS antimicrobial agents commonly used totions are applicable for, and should be
system collects the following data on alltreat soft tissue Infections had the highesadopted by, all healthcare facilities; IA
surgical patients surveyed: operatiorsensitivity 50%% and positive predictive and IB recommendations differ only in
date; NNIS operative procedure cat-value (19%), although even this approaclthe strength of the supporting scientific
egory;434 surgeon identifier; patientalone was not very effective. ) evidence. )
identifier; age and sex; duration of opera- As integrated health information sys- Category Il recommendations are sup-
tion; wound class; use of general anesthéems expand, tracking surgical patientported by less scientific data than Cat-
sia; ASA class; emer%ency; trauma; multhrough the entire course of care may beegory | recommendations; such recom-
tlpleé)_rocedures; endoscopic approachgome more feasible, practical, and effecmendations may be appropriate for ad-
and discharge date.433 With the exceptive. ) dressing specific nosocomial problems or
tion of discharge date, these data can b&t this time, no consensus exists orspecific patient populations.
obtained manually from operating roomwhich postdischarge surveillance meth- No recommendation is offered for some
logs or be electronically downloaded intoods are the most sensitive, specific, an@ractices, either because there is a lack of

surveillance software, thereby substanpractical. consensus regarding their efficacy or be-
tially reducing manual transcription andMethods chosen will necessarily reflectcause the available scientific evidence is
data entry errors.433 the hospitalsfs unique mix of operations,insufficient to support their adoption.
Depending on the needs for risk-stratifiedpersonnel resources, and data needs. For such unresolved issues, practitioners
SSI rates by personnel in infection con- should use A’udgement to determine a
trol, surgery, and quality assurance, not. Outpatient SSI surveillance policy regarding these practices within
all data elements may be pertinent for evBoth direct and indirect methods havetheir organization.

ery type of operation. ) been used to detect SSls that complicatRecommendations that are based on fed-
At minimum, however, variables found to outpatient operations. eral regulation are denoted with an aster-

be predictive of increased SSI risk shouldOne 8-year study of operations for herniask.
be collected (refer to “SSI Risk and varicose veins used home visits by

Stratification”section). district health nurses combined with aB. RANKINGS
] ] survey completed by the surgeon at th€ategory IA.Strongly recommended for
b. Postdischarge SSI surveillance patientefs 2-week postoperative clinicimplementation and supported by well-
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designed experimental, clinical, or epideb. Hand/forearm antisepsis for surgicapare the colon by use of enemas and ca-

miological studies. team members thartic agents.

Category IB.Strongly recommended for Administer nonabsorbable oral antimi-
implementation and supported by some 1.Keep nails short and do not wear artierobial agents in divided doses on the day
experimental, clinical, or epidemiological ficial nails. Category IB before the operation. Category IA

studies and strong theoretical rationale. 2.Perform a preoperative surgical scrub 4.For high-risk cesarean section, ad-
Category II.Suggested for implementafor at least 2 to 5 minutes using an approminister the (?rophylactic antimicrobial
tion and supported by suggestive clinicaﬁriate antiseptic (Table 6 ). Scrub theagent immediately after the umbilical
or epidemiological studies or theoreticalhands and forearms up to the elbowgord is clamped. Category 1A
rationale. Category IB 5.Do not routinely use vancomycin for
No recommendation; unresolved issue. 3.After performing the surgical scrub,antimicrobial prophylaxis. Category IB
Practices for which insufficient evidencekeep hands up and away from the body )
or no consensus_regardmg efficacy existgelbows in flexed posmon?_ so that water2. Intraoperative
Practices required by federal regulatiomuns from the tips of the fingers towarda. Ventilation

are denoted with an asterisk (*). the elbows. 1.Maintain positive-pressure ventila-
Dry hands with a sterile towel and don &ion in the operating room with respect to
C. RECOMMENDATIONS sterile gown and gloves. Category IB the corridors and adjacent areas. Category
1. Preoperative 4.Clean underneath each fingernailB
a. Preparation of the patient prior to performing the first surgical scrub ~ 2.Maintain a minimum of 15 air
1.Whenever possible, identify and treabf the day. Category Il changes per hour, of which at least 3
all infections remote to the surgical site  5.Do not wear hand or arm jewelry.should be fresh air. Category IB
before elective operation and postpon&ategory I ) ) _ 3.Filter all air, recirculated and fresh,
elective operations on patients with =~ re- 6.No recommendation on wearing naithrough the appropriate filters per the
mote site infections until the infection haspolish. Unresolved Issue American Institute of Architectsef rec-
resolved. Category IA ommendations.299 Category IB
2.Do not remove hair preoperatively unc. Management of infected or colonized 4.Introduce all air at the ceiling, and
less the hair at or around the incision sitsurgical personnel exhaust near the floor, Category |

will interfere with the operation. Category 1.Educate and encourage surgical per- 5.Do not use UV radiation in the operat-
sonnel who have signs and symptoms of isn% room to prevent SSI. Category |
3.If hair is removed, remove immedi-transmissible infectious illness to report 6.Keep operating room doors closed ex-
ately before the operation, ?referably withconditions promptly to their supervisory cept as needed for passage of equipment,
electric clippers. Category IA and occupational health service personpersonnel, and the patient. Category IB
4.Adequately control serum blood glu-nel. Category IB 7.Consider performing orthopedic im-
cose levels in all diabetic patients and par- 2.Develop well-defined policies con- plant operations in operating rooms sup-
ticularly avoid hyperglycemia cerning patient-care responsibilities whemlied with ultraclean air. Category |l
perloEeratNer. Category IB . ersonnel have potentially transmissible 8.Limit the number of personnel enter-
5.Encourage tobacco cessation. Amfectious conditions. These policies ing the operating room to necessary per-
minimum, instruct patients to abstain for  should govern (a) personnel responsisonnel. Category I
at least 30 days before elective operatiobility in using the health service and re-
from smoking cigarettes, cigars, pipes, oporting illness, (b) work restrictions, andb. Cleaning and disinfection of environ-
any other form of tobacco consumption(c) clearance to resume work after an ill-mental surfaces N )
(e.%., chewmgldlpplng). Category 1B ness that required work restriction. ~ 1.When visible soiling or contamina-
.Do not withhold necessary bloodThe [?]OHCIeS also should identify persongion with blood or other body fluids of sur-
products from surgical patients as awvho have the authority to remove personfaces or equipment occurs durin% an op-
means to prevent SSI. Category IB nel from duty. Category 1B eration, use an EPA-approved hospital
7.Require patients to shower or bathe 3.0btain appropriate cultures from, andisinfectant to clean the affected areas be-
with an antiseptic agent on at least thexclude from duty, surgical personnelfore the next operation. Category IB*
night before the operative day. Categorywho have draining skin lesions until in- 2.Do not perform special cleaning or
B fection has been ruled out or personnetlosing of operating rooms after contami-
8.Thoroughly wash and clean at andave received adequate therapy and infecrated or dirty operations. Category 1B
around the incision site to remove grosgion has resolved. Cate o(rjy B 3.Do not use tacky mats at the entrance
contamination before performlné; antisep- 4.Do not routlnel?/ exclude surgical per-to the operating room suite or individual
tic skin preparation. Category | sonnel who are colonized with organismoperating rooms for infection control.
9.Use an appropriate antiseptic agerguch as S. aureus (nose, hands, or oth€ategory 1B
for skin preparation (Table 6 ). Categorybody site) or group A Streptococcus, 4.Wet'vacuum the operating room floor
IB unless such personnel have been linkedfter the last operation of the day or night
10.Apply preoperative antiseptic skinepidemiologically to dissemination of thewith an EPA-approved hospital disinfec-
preparation in concentric circles movingorganism in the healthcare setting. Cattant. Category |l

toward the periphery. The prepared areagory IB 5.No recommendation on disinfecting
must be large enough to extend the  in- o ) ] environmental surfaces or equipment
cision or create new incisions or draind. Antimicrobial prophylaxis o used in operating rooms between opera-
sites, if necessary. Category Il 1.Administer a prophylactic antimicro- tions in the absence of visible soiling.

11.Keep preoperative hospital stay adial agent only when indicated, and selecUnresolved issue
short as possible while allowing for ad-it based on its efficacy against the most
equate preoperative preparation of the pasommon pathogens causing SSI for a spes. Microbiologic sampling
tient. Category Il cific operation (Table 4 ) and published 1.Do not perform routine environmen-
12.No recommendation to taper or distecommendations.266,268,269,282-284al sampling of the operating room.
continue systemic steroid use (wherCategory IA Perform microbiologic sampling of oper-
medicallbpermissible) before elective op- 2.Administer by the intravenous routeating room environmental surfaces or air
eration. Unresolved issue the initial dose of prophylactic antimicro- only as part of an epidemiologic investi-
13.No recommendation to enhance nubial agent, timed such that a bactericidagation. Category IB
tritional support for surgical patients concentration of the drug is established in
solely as a means to prevent SSI. Unreserum and tissues when the incision igl. Sterilization of surgical instruments
solved issue made. 1.Sterilize all surgical instruments ac-
14.No recommendation to preoperaMaintain therapeutic levels of the agentcording to published guide-
tively apply mupirocin to nares to preventin serum and tissues throughout the oplines.212,299,314,321 Category 1B
SSI. Unresolved issue eration and until, at most, a few hours af- 2.Perform flash sterilization only for
15.No recommendation to provide meater the incision is closed in the operatingpatient care items that will be used imme-
sures that enhance wound space oxygemeom. Category IA diately (e.g., to reprocess an inadvertently
ation to prevent SSI. Unresolved issue 3.Before elective colorectal operationgddropped instrument).
in addition to d2 above, mechanically pre-Do not use flash sterilization for reasons
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of convenience, as an alternative to pursolved Issue

chasing additional instrument sets, or to ] 1. Garner JS. CDC guideline for pre-
save time. Category I1B 4. Surveillance vention of surgical wound infections,
) ) a.Use CDC definitions of SSI (Table 1 )1985. Supercedes guideline for preven-
e. Surgical attire and drapes without modification for identifying SSI tion of surgical wound infections pub-
1.Wear a surgical mask that fully coveramong_surgical inpatients and outpadished in 1982. (Originally published in
the mouth and nose when entering the ogtients. Category IB 1995). Revised. Infect Control

erating room if an operation is about to b.For inpatient case-finding (includin 1986;';(3):193-200. o
begin or already under way, or if  sterilereadmissions), use direct prospective ob- 2. Simmons BP. Guideline for preven-

instruments are exposed. _servation, indirect Pros}geqtive detectiontion of surgical wound infections. Infect
Wear the mask throughout the operationor a combination of both direct and indi-Control 1982;3:185-196. )
Category IB* rect methods for the duration of the 3. Garner JS. The CDC Hospital In-

2.Wear a cap or hood to fully cover hairpatientefs hospitalization. Category IB fection Control Practices Advisory Com-
on the head and face when entering the c.When postdischarge surveillance ignittee. Am J Infect Control 1993;21:160-

operating room. Category I1B* performed for detecting SSI following 2. ) )
3.Do not wear shoe covers for the preeertain operations (e.g., coronary artery 4. Hecht AD. Creating greater effi-
vention of SSI. Category IB* bypass graft), use a method that acconeiency in ambulatory surgery. J Clin

4.Wear sterile gloves if a scrubbed surmodates available resources and datAnesth 1995;7:581-4.
gmal_team member. Put on gloves afteneeds. Category || o ) )
onning a sterile gown. Category IB* d.For outpatient case-finding, use a 5. Horwitz JR, Chwals WJ, Doski JJ,
5.Use surgical gowns and drapes thanethod that accommodates available reSuescun EA, Cheu HW, Lally KP. Pediat-
are effective barriers when wet (i.e., matesources and data needs. Category IB  ric wound infections: a prospective
rials that resist liquid penetration). Cat- e.Assign the surgical wound classificamulticenter study. nn Surg
egory 1B . __tion upon completion of an operation.  1998;227:553-8. S
6.Change scrub suits that are visiblyA surgical team member should make the 6. Golub R, Siddiqui F, Pohl D.
soiled, contaminated, and/or .penetratedss;:gnment. Category |l . Laparoscopic versus open apgendectomy:
by blood or other potentially infectious f.For eacthatlent undergoing an OEeraa metaanalysis. J Am Coll Surg
materials. Category I1B* tion chosen for surveillance, record thoseé998;186:545-53.
7.No recommendations on how orvariables shown to be associated with in- 7. Mayol J, Garcia—Aé;uiIar J, Ortiz-
where to launder scrub suits, on restrictereased SSI risk (e.é;., surgical woundshiro E, De-Diego Carmona JA,
ing use of scrub suits to the operatinglass, ASA class, and duration of operaFerndandez-Represa JA. Risks of the
suite, or for covering scrub suits when oution). Category 1B ] minimal access approach for laparoscopic
of the operating suite. Unresolved issue g.Periodically calculate operation-spe-surgery: multivariate analysis of morbid-
) ) . cific SSI rates stratified by variablesity related to umbilical trocar insertion.
f. Asepsis and surgical technique shown to be associated with increased SSWorld J Surg 1997;21:529-33.
1.Adhere to principles of asepsis wherrisk (e.g., NNIS risk index). Category IB 8. Lacy AM, Garcia-Valdecasas JC,
placing intravascular devices (e.g., cen- h.Report _apgroprlately stratified, opera-Delgado S, Grande L, Fuster J, Tabet J, et
tral venous catheters), spinal or epiduration-specific SSI rates to surgical teamal. Postoperative complications_ of

anesthesia catheters, or when dispensingembers. laparoscopic-assisted colectomy. Surg
and administering intravenous drugs.The optimum frequency and format forEndosc 1997;11:119-22. ]
Category IA such rate computations will be deter- 9. Pagni S, Salloum EJ, Tobin GR,

2.Assemble sterile equipment and solumined by stratitied case-load sizes (deVVanHimbergen DJ, Spence PA. Serious
tions immediately prior to use. Categorynominators) and the objectives of localwound infections after minimally inva-
Il continuous quality improvement initia- sive coronary bypass procedures. Ann
3.Handle tissue gently, maintain effectives. Category 1B Thorac  Surg 1998;66:92-4.
tive hemostasis, minimize devitalized tis- i.No recommendation to make available 10. The Southern Surgeons Club. A
sue and foreign bodies (i.e., suturesto the infection control committee codedprospective analysis of 1518 laparoscopic
charred tissues, necrotic debris), angurgeon-specific data. Unresolved issue cholecystectomies. N Engl J Med

eradicate dead space at the surgical site. 1991;324:1073-8. _
Category IB ) ] ) . ] 11. Centers for Disease Control and
4.Use delayed primary skin closure ofThe Hospital Infection Control PracticesPrevention. National Nosocomial Infec-

leave an incision open to heal by secon€ommittee thanks the following subject-tions Surveillance (NNIS) report, data

intention if the surgeon considers the surmatter exPerts for reviewing a prelimi- summary from October 1986-April 1997,

ical site to be heavily contamlnatednarY drart of this guideline: Carol issued May 1997. Am J Infect Control
e

eg., Class Ill and Class V). Categor?/ IBAp eet, 1997,25:477-87. . )
If drainage is necessary, use a closedN, MSN, CNOR, CNAA, FAAN; Ona 12. Food and Drug Administration.
suction drain. Baker, RN, MSHA; Philip Barie, MD, Topical antimicrobial drug products for

Place a drain through a separate incisioRACS; Arnold Berry, MD; Col. Nancy over-the-counter human use: tentative fi-
distant from the operative incision. E,I?;Ijerke, BSN, MPH, CIC; John Bohnen, nal monograph for health-care antiseptic
Remove the drain as soon as possiblevD, drug products?proposed rule (21 CFR

Category IB FRCSC, FACS; Robert Condon, MS,Parts 333 and 369). Federal Register
MD, FACS; E. Patchen Dellinger, MD, 1994; 59:31441-52.
3. Postoperative incision care FACS; Terrie Lee, RN, MS, MPH, CIC;
a.Protect with a sterile dressing for 24Judith Mathias, RN; Anne Matlow, MD, 13. Centers for Disease Control and
to 48 hours postoperatively an incisionMS, ~ Prevention, National Center for Health
that has been closed primarily. CategorfFRCPC; C. Glen Mayhall, MD; Rita Statistics. Vital and Health Statistics, De-
B McCormick, RN, CIC; Ronald Nichols, tailed Diagnoses and Procedures, Na-

b.Wash hands before and after dressingID, FACS; Barbara Pankratz, RN; Will- tional Hospital Discharge Survey, 1994.
changes and any contact with the surgicadhm Rutala, PhD, MPH, CIC; Julie Vol 127, Hyattsville, Maryland: DHHS
site. Category IB ) Wagner, RN; ~ Publication; 1997.

c.When an incision dressing must be&Samuel Wilson, MD, FACS. The opin-  14. Emori TG, Gaynes RP. An over-
changed, use sterile technique. Categor?ons of all the reviewers might not be re-view of nosocomial infections, including
I lected in all the recommendations con-he role of the m|crob|olo(% laboratory.

d.Educate the patient and family retained in this document. Clin Microbiol Rev 1993;6(4):428-42.

garding proper incision care, symptoms ) 15. Cruse P. Wound infection surveil-
of SSI, and the need to report such sympfhe authors thank Connie Alfred, Estellalance. Rev Infect Dis 1981;4(3):734-7.
toms. Category Il ) ~ Cormier, Karen Friend, Charlene Gibson, 16. Cruse PJ, Foord R. The epidemiol-

_e.No recommendation to cover an inciand Geraldine Jones for providing invalu-ogy of wound infection: a 10-year pro-
sion closed primarily beyond 48 hours,able assistance. spective study of 62,939 wounds. Surg
nor on the appropriate time to shower or Clin North Am 1980;60(1):27-40.
bathe with an uncovered incision. Unre- References 17. Martone WJ, Jarvis WR, Culver
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DH, Haley RW. Incidence and nature ofSteigbigel RT. Clostridium perfringens Guidoin R, Lebrault C, Pechere JC,
endemic and epidemic nosocomial infecwound infections associated with elastidBacourt F. Experimental colonization of
tions. In: Bennett JV, Brachman PS, edsbandages. JAMA 1980;244:1128-30.  an expanded polytetrafluoroethylene
Hospital Infections. 3rd ed. Boston: Little, 33. Richet HM, Craven PC, Brownvascular graft with Staphylococcus
Brown and Co; 1992. p. 577-96. JM, Lasker BA, Cox CD, McNeil MM, et aureus: a quantitative and morghologlc
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Sorensen Al, Raahave D, Petersen JMng open heart surgery. J Infect Disperimental endocarditis by coagulase-
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