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ABSTRACT

Surgical Site Infection (SSI) is the third most commonly reported Nosocomial infection and accounts for 14-16%
of all Nosocomial infections among hospital inpatients. The morbidity, mortality and the cost to health services
of surgical site infections is huge. In addition, many workers have shown that feedback of appropriate data to
surgeons has been an indispensable component of strategies to reduce SSI rates. The elements essential for
a successful programmed of prevention of SSls include intensive surveillance, infection control activities and
regular feedback of SSI rates to surgeons. Surveillance with information feedback to surgeons and other medical
staff has been shown to be an important element in the overall strategy to reduce the numbers of SSlIs. Despite
the apparent effectiveness in lowering SSI rates when surgeons receive feedback, however, there has been no
consensus on which surveillance methods are best for collecting data on SSls. A successful SSI surveillance
program should include standardized definitions of infection, effective surveillance methods and stratification
of the SSI rates according to risk factors associated with the development of SSI. For many years wound
contamination class was the only factor that was well described for predicting the risk for SSI. During the Study
on the Efficacy of Nosocomial Infection Control (SENIC) Project, an index was developed that provided a better
assessment of the risk of SSls than had the traditional wound classification system. In 1991, a modification of
the SENIC risk index by Culver et al. led to the National Nosocomial Infections Surveillance (NNIS) System risk
index. This review examines the best surveillance method for surgical site infection.
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INTRODUCTION

Quality of healthcare in hospitals is of
major public health importance. Surgical
site infections (SSI) are the most common
Hospital acquired infection. Despite the
advances made in asepsis, antimicrobial
drugs, sterilization and operative techniques,
surgical site infections (SSI) continue to be
a major problem in all branches of surgery
in the hospitals." The morbidity, mortality
and the cost to health services of surgical
site infections is huge. In the United States
alone there are an estimated 27 million sur-
gical procedures performed each year with
almost one-third of patients over the age of
sixty-five years.” Sutgical site infections are
the third most frequently reported Noso-
comial infection, accounting for 14-16%
of all Nosocomial infections among hos-
pital inpatients.” During 1986-1996, hospi-
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tals conducting SSI surveillance employing
the Center for Disease Control’s (CDC’s)
National Nosocomial Infections Surveil-
lance (NNIS) System reported 15523 SSIs
following 593344 surgical procedures.*
Among surgical patients, SSIs accounted
for 38% of Nosocomial infections and
were the commonest Nosocomial infection
encountered.’ Two-thirds of SSIs were con-
fined to the surgical incision and one third
involved organs or spaces accessed during
the surgical procedure. Seventy-seven pet-
cent of patients who died with an SSI were
reported as having the infection causally
related to death.

The Study of the Efficacy of Nosocomial
Infection Control (SENIC) investigators
showed that an adequately designed and
funded SSI surveillance programme could
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be expected to decrease the overall rates by 32%.° How-
ever, only a small percentage (8%) occurred in hospitals
recruited.® In addition, many workers have shown that
feedback of appropriate data to surgeons has been an
indispensable component of strategies to reduce SSI
rates.® However, not all workers have shown a reduction
in SSI rates after continuous surveillance.” The elements
essential for a successful programme of prevention of
SSIs include intensive surveillance and infection control
activities and regular feedback of SSI rates to surgeons.®
Despite the apparent effectiveness in lowering SSI rates
when surgeons receive feedback, there has been no con-
sensus on which surveillance methods are best for col-
lecting data on SSIs.” In addition, thete is no evidence to
support an argument that high frequency reporting (e.g,,
monthly) yields better infection control than lower fre-
quency reporting (e.g., quartetly or semi-annually)."” In
devising an SSI surveillance programme, consideration
needs to be given to the definitions of infection, data
collection, handling and analysis, presentation of results
and which patients ate to be included."

Surveillance components

« Objectives and priorities
There should be clear and unambiguous objectives and
priorities regarding an SSI surveillance programme.
Obviously the major aim is to reduce the rate of SSI,
thereby reducing patient morbidity and mortality.' This
should also result in financial savings for the hospital."”
Depending on infection control personnel available, and
the willingness of clinical staff to become involved, sut-
veillance will have to be tailored to the art of the possi-
ble rather than risk the integrity of the total surveillance
strategy by being over ambitious. Surveillance initiatives
require total staff involvement lest they become some-
thing that the infection control team undertakes but is
of little relevance to the clinical areas.

o Definition and Classification of Surgical Site Infec-

tion

One of the most important aspects of SSI surveillance
is the definition of infection.” It is crucial that a sutrveil-
lance programme uses standardized definitions other-
wise inaccurate and misleading results may be obtained
and reported. In addition, to compare data over time it
is essential that the definitions should remain unchanged
so that baseline SSI rates may be established, patients’
risk of developing SSI stratified, results of interventions
analyzed and the possibility of inter hospital compari-
sons considered."
The most widely used definition of SSI is that employed
by the CDC’s NNIS System (Table 1)." The previous
CDC definitions published in 1988 considered surgical
wound infection (SWI) related to the skin incision only
whereas the current definition now classifies SSIs into
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Incisional or otgan/space and has also introduced the
change in terminology from SWI to SSI."®

SSI are classified based on the depth of involvement of
the infection, which may be confined to the skin and sub-
cutaneous tissues (superficial Incisional SSI), involve the
deep soft tissue, such as the facial and muscular layers
(deep Incisional SSI), or extend further beyond these ana-
tomic boundaties (organ/space SSI). Incisional SSIs are
further subdivided into primary and secondary for cases
with more than one incision. For instance, a primary Inci-
sional SSI involves the primary incision (e.g., chest inci-
sion for coronary artery bypass grafting), and a secondary
Incisional SSI involves secondary incisions (e.g,, leg inci-
sion for donor site in coronary artery bypass grafting).

EPIDEMIOLOGY

The development of multiple aspects of modern surgi-
cal care has led to significant improvements in the his-
torical context described. Nevertheless, SSIs remain a
frequent postoperative complication, developing in 3%
to 20% of surgical procedures.'®

The rate of SSIis highly variable depending on the spe-
cific operative procedure, with rates that can be even
higher depending on the number of risk factors present.
There is a substantial impact of SSI on both morbidity
and mortality. However, establishing the exact impact
of SSI is difficult because of the dependence on accu-
racy of reporting and the variability of patient follow-
up. In the 1980s, it was observed that SSI led to a 10-day
increase in hospital length of stay."”

Even a decade later, another study reported persistent
delayed discharge from hospital and increased require-
ment for post-discharge care.'® In a study of 288,906
patients, in-hospital mortality for the patients with SSIs
was 14.5% versus 1.8% of patients with no SSI. SSIs are
estimated to be responsible for more than 8000 deaths
annually in the United States."

SSIs may be of even greater consequence in developing
countries, because surveillance rates of SSI in a study
conducted by the International Nosocomial Infection
Control Consortium were higher for most surgical pro-
cedures compared with CDC-NHSN rates."

SURVEILLANCE METHODS

A number of methods for the surveillance of Noso-
comial infections have been developed and their sen-
sitivity and specificity have been assessed. Surveillance
has been described as a preventive measure for reducing
such infections. A successful surveillance system that
uses standard definitions, which feedback data on-site-
specific, risk-adjusted SSIs rates may provide a measure
of quality performance for surgeons and hospitals and
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Table 1: National Healthcare Safety Network definitions for Surgical Site Infection

Superficial Incisional Surgical Site Infection

Infection occurs within 30 days after the operative procedure and involves only skin and subcutaneous
tissue of the incision and patient has at least 1 of the following:

A. Purulent drainage from the superficial incision
B. Organisms isolated from an aseptically obtained culture of fluid or tissue from the superficial incision

C. At least 1 of the following signs or symptoms of infection: pain or tenderness, localized swelling,
redness, or heat, and superficial incision is deliberately opened by surgeon and is culture positive or
not cultured. A culture-negative finding does not meet this criterion

D. Diagnosis of superficial incisional SSI by the surgeon or attending physician

Deep Incisional Surgical Site Infection

Infection occurs within 30 days after the operative procedure if no implant is left in place or within
1 year if implant is in place and the infection appears to be related to the operative procedure and
involves deep soft tissues (e.g., facial and muscle layers) of the incision and patient has at least 1 of
the following:

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

B. A deep incision is deliberately opened by a surgeon and is culture-positive or not cultured when the
patient has at least 1 of the following signs or symptoms: fever (>38°C) or localized pain or tenderness.
A culture-negative finding does not meet this criterion

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

D. Diagnosis of a deep Incisional SSI by a surgeon or attending physician

Organ/Space Surgical Site Infection

Infection occurs within 30 days after the operative procedure if no implant is left in place or within
1 year if implant is in place and the infection appears to be related to the operative procedure and
infection involves any part of the body, excluding the skin incision, fascia, or muscle layers, that is
opened or manipulated during the operative procedure and patient has at least 1 of the following:

A. Purulent drainage from a drain that is placed through a stab wound into the organ/space
B. Organisms isolated from an aseptically obtained culture of fluid or tissue in the organ/space

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

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

From horantc, andrus m, dudeck ma. Cdc/nhsn surveillance definition of health care associated
infection and criteria for specific types of infections in the acute care setting. (Am j) Infect Control 2008;
36:3134.

Table 2: The National Nosocomial Infections Surveillance (NNIS) risk index

classification for predicting surgical site infection.?!

Score ascribed

Risk Factor
0 1
Physical condition of patient
according to the ASA <3 =3

classification

Class of contamination of
surgical wound according to
the NRC classification

Clean or potentially

. Contaminated or infected
contaminated

Length of surgery (in terms
of the 75 percentile for the <75 >75
procedure)

contribute to the prevention of hospital acquired infec-

tions.

For many years, wound contamination class was the only
factor that was well described for predicting the risk for
SSI. During the Study on the Efficacy of Nosocomial
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Infection Control (SENIC) Project, an index was devel-
oped that provided a better assessment of the risk of
SSIs than had the traditional wound classification system.

In 1991, a modification of the SENIC risk index by
Culver et al. led to the National Nosocomial Infections
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Table 3: Risk index classification of the American So-

ciety of Anesthesiology (ASA)*

Classification

Physical condition of the patient

1

Normally healthy

2 Discrete systemic disease.

8 Serious, non-incapacitating, systemic disease

4 Life-threatening, i.ncapacitating systemic
disease.

5 Moribund with death expected within 24 hrs.

Table 4: CDC wound classification system

Class/Classification

Potential for Contamination

Surgical wounds that exhibit no infection or inflammation; operations not involving the entry of the

Class l/clean

uninfected respiratory, digestive, genital or urinary tracts. Operations in which aseptic conditions are fully

maintained: surgical wounds are primarily closed and, if necessary, drained using a closed system. Surgical
wounds after non-penetrating trauma injuries are included in this class if they fulfill the above criteria.

Surgeries involving opening of the respiratory, digestive, genital or urinary tracts under controlled

Class ll/potentially
contaminated

contaminated conditions and without abnormal contamination. Operations involving biliary tract, appendix,
vagina and oropharynx that exhibit no evidence of infection and where aseptic conditions are fully

maintained are included in this class.

Fresh (within 7 h of causal event), open trauma injuries. Surgical procedures with a major in sterile

Class lll/contaminated

technique (open heart surgery), or with significant contamination from the gastrointestinal tract. Wounds

with acute, non-purulent Inflammation are included in this class.

Old (more than 7 h after causal event) trauma injuries with devitalized tissue and with preexisting clinical

Class IV/infected/dirty

infection or perforated viscera. This definition suggests that organisms giving rise to postoperative infection

were present in the surgical area prior to the surgery.

Surveillance (NNIS) System risk index (Table 2). The
NNIS index ranges from 0 to 3 with increasing risk and
is raised by 1 point for each of 3 SSI predictors:*

First, American Society of Anesthesiologists (ASA)
classification (Table 3) (range, 1-5), as a measure of
poor overall preoperative physical status of the patient.

Second, wound contamination class >2 (range, 1-4), coz-
responding to a contaminated or dirty-infected operation.

Third, duration of operation of >75" percentile (P75) for
the specific procedure group, is associated with a greater
risk of infection, for example, complexity of the case.

The CDC wound classification system defines wound
class based on risk and is divided into 4 categories: clean,
clean-contaminated, contaminated, and dirty (Table 4)*'
With clean wounds, the expected risk is from microbes
located directly on the surface of the skin, or intro-
duced from the external environment. With increasing
wound class, there is increased exposure to microorgan-
isms that are present on internal structures of the body,
such as epithelial surfaces of the gastrointestinal tract
and genitourinary tract. In the early epidemiologic stud-
ies, the SSI rate increased with wound class (I: 2.1%; 11:
3.3%; I1I: 6.4%0; IV: 7.1%).%

MICROBIOLOGY

SSI is caused by microorganisms introduced into the
surgical wound at the time of the operative procedure.
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Most of these microorganisms come from the patient’s
endogenous flora, but occasionally the pathogenic
organisms are acquired from an exogenous source, such
as the air in the operating room, surgical equipment,
implants or gloves, or even medications administered
during the operative procedure.*?** When there is an
unexplained local outbreak of SSI, investigations pet-
formed by infection control personnel may be useful in
uncovering an exogenous source.

Large, cross-institutional surveys involving all surgical
specialties have revealed that a small number of gram-
positive cocci and gram-negative bacilli are responsible
for most SSIs. The NNIS system categorized 17,671
isolates obtained from patients with SSI from 1986 to
1996.% Over one half of the isolates were gram-positive
cocci; Staphylococcus aureus was the most commonly
isolated organism, followed by coagulase- negative
staphylococci, and Enterococcus spp. Approximately
one third of the isolates were gram-negative bacilli, with
Escherichia coli, Pseudomonas aeruginosa, and Entero-
bacterspp being the most frequently encountered gram-
negative organisms. About 5% of the isolates were
anaerobic bacteria.

Morte recent surveys involving multiple”

or single insti-
tutions** have these general findings, although the
specific distribution of organisms differs somewhat,
probably reflecting different types of surgical practices

at individual institutions. This general pattern significant
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masks variability in the microbiology of SSI according to
the type of operative procedure®?* For patients undet-
going clean procedures, Staphylococci predominate as
the cause of SSI, since these microorganisms are pres-
ent on the skin at the site of most incisions. However,
gram-negative and other enteric organisms colonize the
skin at certain sites, including the axilla, perineum and
groin; patients having incisions in those areas may have
a SSI caused by gram-negative organisms. Thus, patients
undergoing coronary artery bypass surgery are likely to
have gram-positive organisms as the cause of a ster-
nal wound infection, but are frequently found to have
gram-negative organism as the cause of a leg wound
infection.”” With clean-contaminated or contaminated
wounds, bacteria from the respiratory, gastrointestinal,
genital, or urinary tracts contribute to the infection. For
instance, gram-negative bacilli and anaerobic organ-
isms are frequent causes of SSI following procedures
involving the lower gastrointestinal tract.” Nonetheless,
organisms derived from the skin may still contribute to
these infections.

In a recent trial of prophylactic antibiotics for subjects
undergoing colorectal procedures, 11% of all isolates
obtained from subjects with SSI were staphylococci,
most of which were S. aureus.”® With Class IV (dirty-
infected) wounds, it is generally assumed that pathogenic
organisms already present in the operative field will be
responsible for a subsequent SSI* Finally, it should be
noted that unique microbiological patterns may pertain
to certain highly specialized procedures; for instance,
enterococci are frequently found to be the pathogens
causing SSI after liver transplantation.” The most sig-
nificant change in the microbiology of SSI has been the
increased involvement of resistant microorganisms in
these infections.

An increased occurrence of infections due to MRSA
has also been recognized in studies of subjects undet-
going cardiac, orthopedic, or plastic surgery proce-
dures.”” The emergence of the USA300 clone of
MRSA, commonly referred to as community-acquired
MRSA, may further impact the microbiology of SSI.
This strain is recognized as being responsible for sig-
nificant numbers of serious hospital-acquired staph-
ylococcal infections;™ a preliminary report also
suggests its frequent involvement as a cause of SSL.*
The gram-negative bacilli isolated from patients with
SSI also demonstrate increased resistance.*"* These
resistant organisms likely result from prior exposure
of the patient to the health care environment or broad
spectrum antimicrobial therapy. The increasing resis-
tance of gram-negative organisms causing SSI paral-
lels their increasing resistance when they cause other
nosocomial infections.”
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CONCLUSION

Surveillance systems aim to provide to feedback to
hospitals and stimulate infection control activities. An
adequate method for risk adjustment is important for
the comparison of hospital’s specific rates. Risk indexes
for surgical wound infection such as SENIC and NNIS
were developed to provide comparative healthcare asso-
ciated infection data within the hospitals that at least
partially adjusted for patients’ intrinsic and extrinsic
risk factors. The SENIC risk index predicted SSI risk
for all surgical patients better than stratifying by wound
class alone. However, the SENIC index did not stratify
risk by individual operative procedures. The NNIS sur-
gical wound infection risk index is a modification of
the SENIC risk index. Some inaccuracies associated
with the SENIC index ate corrected with NNIS index.
Researchers in a number of countries have found that
the NNIS risk index performed favorably for predic-
tion of SSI. Not all experts concede that the NNIS risk
index is the best method for the risk stratification of all
surgical procedures. For example, several studies have
shown that the NNIS risk index does not necessarily
work well for patient undergoing cardiothoracic proce-
dures. Future work should be directed to improvement
of the sensitivity and the specificity of these indexes.
Despite the insufficient follow-up parameters included
in the NNIS index, authors have clearly demonstrated
an increase of the actual rates of SSI using the NNIS
index for surveillance. The healthcare worker-based
(practices of an individual healthcare) or institution-
based (practices of an entire hospital) factors may be
other responsible causes for higher SSI rates. Scarcely
when NNIS and SENIC is used together to predict the
SSI they forecast the development of infection better.
But there is a lot of other factors that affect the devel-
opment of SSI; so for excellent surveillance risk index
those factors known by everyone must be added to risk
index scales.
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ABBREVIATION
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CDC: Centre of disease control and prevention
MRSA: Methicillin-resistant Staphylococcus
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