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Impact of perioperative temperature on postoperative surgical site infections:

Improving the predictability of standard risk indices

Hanako Misao

University of California, San Francisco, 2002

This retrospective cohort study was designed to examine the impact of
perioperative temperature on prediction of postoperative surgical site infections (SSIs)
among patients who underwent general abdominal surgery at San Francisco General
Hospital. The current extant risk indices, Study on the Efficacy of Nosocomial
Infection Control (SENIC) and National Nosocomial Infection Surveillance (NNIS)
risk indices, and a modified risk index, in which a factor related to perioperative
temperature was added to the extant risk indices, were compared in terms of
predictability of SSIs.

Two hundred and thirty patients were followed by a total medical chart review
within 30 days after surgery. SSIs were identified using the definitions of the Centers
for Disease Control and Prevention. Of the final sample of 230 surgical patients,
nearly 54% were trauma patients, yielding a cumulative SSI incidence of 22.6% for
this high-risk group. Intraoperative core temperatures were measured at the following
points: initial and final core temperatures, the lowest core temperature, and the minutes
of the core temperature less than 35°C.  Unlike the findings of previous studies, none
of these perioperative temperature measurements were statistically significant at a p-
value of less than 0.05. However, there were statistically significant differences
between patients with and without SSIs in the change between the initial and final core
temperatures (p = .001) as well as the change between the initial and lowest core
temperatures (p =.031). Both the SENIC (p <.01) and NNIS (p < .01) risk indices
were good predictors for postoperative SSIs. Logistic regression analysis showed that

the change between the initial and final core temperatures, controlling for the influence

v



of the perioperative factors included each risk index, was an important predictor of
SSIs: AOR = 2.923 for temperature change when added to SENIC factors; AOR =
2.101 for temperature change when added to NNIS factors.

The addition of temperature change during surgery to the extant risk indices
for SSIs both improves the ability to predict this serious adverse event and provides

nurses and other healthcare workers with a potentially modifiable factor to reduce risk.
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CHAPTER 1
INTRODUCTION

Nosocomial infections, hospital-acquired infections, or recently called health-
care related infections are estimated to involve more than 2 million patients annually in
acute care facilities alone in the United States (Centers for Disease Control and
Prevention [CDC], 1992). If other settings such as long-term care facilities or nursing
homes were also considered, the total number of nosocomial and other institutional
infections would exceed 4 million per year (Martone, Jarvis, Culver, & Haley, 1998).
Furthermore, nosocomial infections directly cause at least 19,000 deaths nationwide per
year and cost more than $4.5 billion (Martone et al., 1998).

A surgical site infection (SSI), a complication that occurs when surgical wounds
heal abnormally, is one of the most common and serious complications in patients who
undergo surgery. Since the recognition of the role of bacteria in SSIs and the first
advent of antisepsis and asepsis, effective strategies to reduce SSIs has progressed.
Development of disinfection and sterilization, advanced techniques for skin preparations
at the operative site, introduction of rubber gloves and ventilation system, and use of
prophylactic antibiotics have significantly contributed to a reduction of the SSI rates.
However, none of them brought us the conquest of the battle between bacteria and
surgical patients.

Based on the National Nosocomial Infection Surveillance (NNIS) system, which
was established in 1970 by CDC, it is estimated that SSIs develop in 2-5% of more than
46 million surgical procedures performed annually in the United States (Owings &
Kozak, 1998; Wong, 1996). Also, SSIs comprise from 14% to 16% of all nosocomial
infections, and are consistently ranked as either the second or third most common
hospital-acquired infection (CDC, 1991; Emori, 1998; Emori & Gaynes, 1993; Haley,

Culver, White, Morgan, & Emori, 1985) following urinary tract infections and/or blood



stream infections.

Despite the high quality and management of surgical operations, equipment, and
postoperative patient care, among surgical patients, SSIs still continue to be a major
source of morbidity and increased medical expense. The extra days of hospitalization
has been estimated between 6.5 days and 20.75 days (Asensio & Torres, 1999; Kirkland,
Briggs, Trivette, Wilkinson, & Sexton, 1999; Zoutman, McDonald, & Vethanayagan,
1998). Moreover, SSIs lead to direct medical costs estimated between $868 and
$100,666 per occurrence (Calderone, Garland, Capen, & Oster, 1996; Haley, Schaberg,
Von Allmen & McGowan, 1980; Kirkland et al. ; Zoutman et al.) and from $1 to $10
billion annually on a national basis including indirect costs (Sands, Vineyard, Livingston, B e '
Christiansen, & Platt, 1999). Although compared to the estimated mortalities related to |
nosocomial blood stream infections and pneumonia, the mortality rate of SSIs is low ’ e
(Jarvis, 1996), the excess cost attributable to SSIs is the highest or the second highest
among the common nosocomial infections (Gaynes 1998; Jarvis, 1996; Vegas, Jordan, &
Garcia, 1993). After the prospective payment system (PPS) was introduced in the
United States in 1985, hospitals are paid a fixed amount for each admission based on the
patient’s diagnosis-related group (DRG). Therefore, little additional reimbursement is
provided for comorbid conditions, such as nosocomial infections (Haley, 1991a; Haley, S
White, Culver, & Hughes, 1987). SSIs have now become the major cause of
considerable economic burden to hospitals in the United States.

In addition, current cost containment efforts by most hospitals in the United
States have resulted in the reduction of nursing staff and infection control personnel
(Jarvis, 1996). Several epidemiological studies identified that the relationships between
understaffing or overcrowding in the units and transmission of nosocomial infections
(Haley & Bregman, 1982; Haley et al., 1995; Harbath, Sudre, Dharan, Cadenas, & Pittet,

1999; Vicca, 1999). Saulnier et al. (2001) identified a reverse relationship, that is,

excess nurse work load resulted from nosocomial infections due to multiresistant bacteria.



There is no available evidence of a relationship between understaffing and postoperative

SSIs. However, it is easy to imagine that there is an undesirable circle among cost

containment efforts by hospitals, the reduction of nursing and infection control personnel,

and the occurrence of SSIs. To assure the better quality of care as well as the better

patient’s quality of life, we should interrupt this relationship, but how? As Calderone et

al. (1996) pointed out, prevention of postoperative SSIs is the first line of defense in

health care cost reduction. A reduction of the SSI rate to a minimum level could

introduce marked benefits (Saywer & Pruett, 1994). This dissertation tries to propose

one way to interrupt this undesirable circle, that is to give some answers to the following e
questions: Who is more likely to develop subsequent SSIs? How can we predict the o
more precisely the likelihood or the probability of the occurrence of a SSI in each

surgical patient?

Purpose of the Study

The purpose of this dissertation research is to examine the impact of
perioperative temperature on prediction of postoperative SSIs among general abdominal e
surgical patients at the regional trauma center. Perioperative temperature is used as an
objective marker of patient’s intrinsic risks of SSIs, and its effect or the joint effect with ol
other markers on SSIs is measured. To examine the impact of perioperative temperature
on prediction of SSIs, the current extant risk indices (Study on the Efficacy of
Nosocomial Infection Control [SENIC] and NNIS) and a modified risk index, in which a
factor related to perioperative temperature is added to the extant risk indices, are
compared in terms of the predictability of SSIs.

Much of the extant research articles on SSIs have relied on traditional in-
hospital SSI surveillance to capture the occurrence of SSIs.  Due to the limitation of
traditional in-hospital SSI surveillance, readmission, emergency room visits, and local

clinic visits as well as antibiotics exposure within 30 days after surgery have also been




used as additional markers of the occurrence of SSIs in this study.

Significance of the Study

Routine in-hospital surveillance for SSIs has been recognized as a fundamental
strategy for reducing the SSI rate, including feedback to surgeons on these SSI rates
(Condon, Schulte, Malangoni, & Anderson-Teschendorf, 1983; Haley, Culver, White,
Morgan, Emori, & Munn, 1985; Mead et al., 1986). However, the shorter length of
hospitalization might be one of the major obstacles for accurate traditional in-hospital
SSI surveillance data (Gaynes, 2001). The introduction of the PPS system in the United
States resulted in decreasing hospital lengths of stay and increasing use of ambulatory
surgery. It has led the increase in the percentage of postoperative SSIs that occur after
patient’s discharge from the hospital.

Considering that there are no accurate and efficient methods for outpatient SSI
surveillance, some researchers have examined several variables, such as readmission
(Kirkland et al., 1999) and utility of postoperative antibiotics (Yokoe, Shapiro, Simchen,
& Richard, 1998) as indicators of SSIs in order to capture all occurrences of SSIs in-
hospital as well as after patient’s discharge from hospital. However, it is clear that post-
discharge surveillance is resource- and work-intensive in order to get accurate data of
SSIs among all surgical patients (Sands, Vineyard, & Platt, 1996). Therefore, it is
urgent and necessary to develop a risk index for SSIs which can better quantify each
patient’s risk or probability for the occurrence of SSIs at the end of operation.  This
index can be used as an efficient screening tool for subsequent management or
surveillance for high-risk or target populations for post-discharge follow-up.

Considerable epidemiological evidence is available to predict the occurrence of
SSIs. This likelihood can be explained by complex interactions related to the patient’s
susceptibility to infection, environmental factors, and microorganism factors. Although

various risk factors influence the incidence of SSIs, there are a few available research



results which examined this relationship among patients who underwent high-risk
surgeries including trauma patients.

In this dissertation project, the impact of perioperative temperature
(hypothermia) is examined with other several objective markers of the patient’s
susceptibility to SSIs. Due to the advanced, more complicated, and more invasive
treatments, hospitalized surgical patients tend to have higher intrinsic risks. However,
there are not enough studies that examined objective measurements as markers of a
patient’s intrinsic risks for SSIs. Also, to examine perioperative temperature or in
combination with other markers would be a significant contribution to the controversy of
the impact of hypothermia on the occurrence of SSIs. Many researchers examined the
biological or physiological mechanisms between hypothermia and SSIs (Beilin et al.,
1998; Forstot, 1995; Frank et al., 1992, 1997; Jonsson, Hunt, & Mathes, 1988; Hopf et al.,
1997; Sessler, 1993), and found that perioperative unintentional hypothermia
(approximately 2°C below the normal core body temperature) increases the patient’s
susceptibility to SSIs and risks for impaired wound healing by causing a decrease of
oxygen in the susceptible tissues and impairment of immune function. However, due to
limited evidence of the relationship between hypothermia and the occurrence of SSIs,
hypothermia is the most controversial risk factor for SSIs (Barone, et al., 1999; Kurz,
Sessler, Lenhardt, & The study of wound infection and temperature group, 1996). As
Mortensen and Garrard (1996) pointed out, more studies on this subject are needed.
Therefore, this dissertation can add data or information to the body of knowledge about

this controversy.
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Definition of terms

Colonization the multiplication of a microorganism at a body site or sites

without evidence of infection (Hierfolzer, 1996).

Contamination the transient presence of microorganisms on body surface

without any tissue invasion or physiologic reaction (Brachaman, 1998).

National Nosocomial Infection Surveillance (NNIS) system a voluntary,
hospital-based reporting system in order to monitor and report trends in hospital-acquired
infection in acute care hospitals and to guide the prevention efforts of infection control
practitioners in the United States, which was established in 1970 by the Centers for

Disease Control and Prevention (CDC, 2000).

NNIS risk index the following three variables that were modified from the
SENIC risk index: 1) an American Society of Anesthesiologists (ASA) physical status
classification greater than 3; 2) an operation classified as either contaminated or dirty-
infected in the wound classification system; and 3) an operation with surgery duration
more than T hours, where T is the 75 th percentile of the distributions of duration of each

operation being performed (Culver et al., 1991).

Nosocomial Infection any infection which develops within a hospital or are
produced by microorganisms acquired during hospitalization (Brachman, 1998).
Infections considered to be hospital-acquired if they develop at least 48 hours after
hospital admission, and 3 days after hospital discharge or within 30 days after an

operative procedure (Eggimann & Pittet, 2001).
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Risk factors for SSI any biological, social, behavioral, and environmental
characteristics that are associated with an increased probability of occurrence of SSIs.
Intrinsic risk factors for SSIs are the patient’s underlying probability of infection or
underlying conditions that reflect a patient’s susceptibility to infection before undergoing
any surgical procedures. Environmental risk factors are all that is external to the
individual host, and limited to factors related to preoperative preparation, operative
procedure, surgical techniques, operating room and personnel, and treatments

administered during operations.

Risk index a combination of important and independent risk factors for
occurrence of SSIs, based on the idea of stratifying surgical patients into strata according

to each patient’s risk for SSIs.

SENIC risk index the following four variables which were analyzed in the
Study on the Efficacy of Nosocomial Infection Control (SENIC) project using logistic
regression method, and developed into a simple risk index for SSIs in 1974: 1) having an
operation which involves the abdomen; 2) having an operation which lasts more than two
hours; 3) having an operation which is classified as either contaminated or dirty-infected
in the wound classification system; and 4) having three or more underlying diagnoses at
the time of discharge after the operation (Haley, Culver, Morgan, White, Emori, &
Hooton, 1985).

Surgical site infection (SSI) “The product of the entrance, growth, metabolic
activities, and resultant pathophysiologic effects of microorganisms in the tissues of the
surgical patients” (Committee on Control of Surgical Infections of the Committee on Pre
and Postoperative Care of the American College of Surgeons, 1976). Clinically, a

surgical site is considered infected if purulent material drains from the incision site, even



though positive microbiologic results could not be obtained (Gamer 1986; Wong 1996).
Due to the disadvantages of this clinical definition, positive microbiological results, signs
and symptoms of SSIs, and the diagnosis of SSI by the surgeon or attending physician
are also considered when SSls are diagnosed or evaluated (Gamer, Jarvis, Emori, Horan,
& Hughes, 1988). SSIs are divided into three anatomically distinct categories:

superficial incisional, deep incisional, and organ/space SSIs.

Surveillance a means of monitoring the phenomena of SSIs.  Hierholzer
(1996) has defined surveillance as follows: “the systematic collection, analysis, and
interpretation of data on specific events (cf. SSIs) and diseases and the feedback of the

findings to those contributing data or to other interested groups.”



CHAPTER 1I
THEORETICAL BACKGROUD AND REVIEW OF LITERATURE

This chapter presents a theoretical framework for explaining the relationship
among risk factors for SSIs, and reviews relevant literature concerning surveillance,
major risk factors, and risk indices for SSIs. Based on this foundational background,

the research questions will be posed.

Theoretical Framework
A symptomatic SSI is an imbalance between the patient’s resistance to
infections and the actions of the microorganisms. This imbalance results from the
following five factors: a) patient’s susceptibility to infection, b) presence of
microorganisms, c) dose of organisms delivered, d) infectivity of the organisms, and e)
microorganism’s virulence.

Figure 1 is an epidemiological model (Gordis, 1996) for developing SSIs
depicting the complex interaction among the patient’s susceptibility, factors related to
surgical operations, and microorganisms. Factors related to operations influence the
probability and circumstances in which microorganisms gain access to the surgical site,
and decrease the patient’s resistance to microorganisms delivered to the surgical site.
Whether or not a symptomatic SSI develops depends on the patient’s susceptibility.
Susceptibility comprises the person’s specific and nonspecific defense mechanisms
against microorganisms. A function of the nonspecific immune system is resistance
to organisms: Whether or not a wound develops infection rests almost solely on the
ability of phagocytic cells to leave the bloodstream, migrate to the site of infection, and
ingest and kill such organisms. Thus, the nonspecific immune system plays an
important role in natural resistance to infection at the surgical site.

“Patient’s susceptibility to infection” is influenced by a person’s genotype (e.g.,



Perioperative Factors
Procedure related factors (duration of operation, numbers of procedure, urgency
of operation, time of day, month of year, surgical scrub/antiseptic agents)
Wound related factors (wound classification, wound drains, preoperative hair
removal, preoperative patient’s skin preparation, surgical drapes/gowns)
Surgical technique (principal surgeon)
Treatment (prophylactic antibiotics, chemotherapy, transfusion)

Patient’s Susceptibility to Infection
Demographic factors (age, gender, race)
Underlying conditions (ASA score, obesity,

malnutrition, diabetes mellitus, remote infection,

malignancy, immunosuppressive drug use, nasal

contamination, perioperative temperature) "L’
Preoperative factors (duration of preoperative stay) Exogenous pathogens

Microorganisms
Endogenous pathogens

Social behavior (cigarette smoking, alcohol)
Psvchosocial factors (depression. social support)

—3

v

Risk for Developing Surgical Site Infections

'

Symptomatic Surgical Site Infections

Eigure 1. Epidemiological model for Surgical Site Infections.
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demographic factors: age, gender, race), underlying conditions (e.g., the American
Society of Anesthesiologists preoperative assessment score, malnutrition, obesity,
diabetes mellitus, remote infection, malignancy, immunosuppressive drug use, nasal
contamination, perioperative temperature), preoperative factors (e.g., duration of
preoperative stay), social behavior (e.g., cigarette smoking, alcohol), and psychosocial
factors (e.g., depression, social support). “Perioperative factors” are extrinsic factors
that influence the likelihood of microorganisms reaching the surgical site, and consist
of : 1) procedure related factors (e.g., duration of operation, numbers of procedures,
urgency of operation, time of day, month of year, surgical scrub/ antiseptic agents); 2)
wound related factors (e.g. wound classification system, wound drains, preoperative
hair removal, preoperative patient’s skin preparation, surgical drapes/ gowns); 3)
surgical technique (e.g., principle surgeon); and 4) treatment (e.g., prophylactic
antibiotics, chemotherapy, transfusion). “Microorganisms” are endogenous
pathogens and exogenous pathogens that cause SSIs.  All characteristics or features
related to the patient’s susceptibility to SSIs and perioperative factors are possible
“risk factors for developing SSIs.” Epidemiological studies have shown that some
are more strongly associated with an increased risk of the development of
“symptomatic SSIs” than others. A symptomatic SSI is a clinical manifestation of

localized signs and symptoms resulting from an infection.

Surveillance for Surgical Site Infections
Surveillance is a means of monitoring the phenomena of SSIs. The CDC
(1988) has defined surveillance for nosocomial infections as follows: “the ongoing,
systematic collection, analysis, and interpretation of health data essential to the
planning, implementation, and evaluation of public health practice, closely integrated
with the timely dissemination of these data to those who need to know.” There are

several purposes of conducting surveillance for nosocomial infections: 1) reducing

11



infection rates within a hospital, 2) establishing endemic baseline rates, 3) identifying
outbreaks, 4) convincing medical personnel, 5) evaluating control measures, 6)
satisfying regulators, such as the Joint Commission on Accreditation of Healthcare
Organizations (JCAHO), 7) defending malpractice claims, and 8) comparing infection
rates between hospitals (Gaynes & Horan, 1996).
Historical Series of Surgical Site Infection S 1

Table 1 shows a historical series of epidemiological studies of SSIs. The
collaborative study organized by the National Academy of Science, the National
Research Council, and The Ad Hoc Committee on Trauma in 1964 may be historically
the first systematic surveillance to identify SSI rates and factors contributing to the risk
of SSIs (National Academy of Science, National Research Council, & Ad Hoc
Committee on Trauma [NAS-NRC-AHCT], 1964). The NAS-NRC-AHCT study
introduced a system for classifying surgical wounds or sites according to potential
bacterial contamination, which is a wound classification system. This system ranks
wounds as clean, clean-contaminated, contaminated, dirty, or multiple. The rationale
for this classification is that the risk of developing a postoperative SSI is strongly
affected by the degree of microbial contamination of the operative site at the end of the
operation (Wong, 1996). This idea provided a basis for comparing the SSI rates
among the various classifications and among different institutions. After the
publication of the NAS-NRC-AHCT study results, the system of wound classification
was modified and utilized in many epidemiological studies. Table 2 shows the
modified form of the wound classification system. As Table 1 shows, there is a
positive trend between the wound classification system and the subsequent
postoperative SSI rates. Later studies have provided the evidence for intraoperative
contamination and the increased risk for postoperative SSIs (Claesson, Filipsson,
Holmlund, 1995; Claesson & Holmlund, 1988; Davidson, Clark, & Smith, 1971;
Garibaldi et al., 1991).
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Table 1
Historical Seri f Epidemiological Studi S

Years #of # of Overall
wounds infected SSIrate
wounds (%)

Wound Classification *
CcC CCO Co D

National 1959 15,613 1,157 7.4 5.1 10.8 16.3 28.6

Academy of -1962

Science

(1964)

Edwards 1969 40,923 1,966 4.8 b NA 6.0 10.1

(1976) -1972

Cruse & 1967 62,939 2,960 4.7 1.5 7.7 15.2 35.0 . ; ’

Foord -1977

(1980) _
Haleyetal® 1975 59,352 4.1 2.9 39 8.5 12.6 o .-
(1985) - 1976 T
Olson & Lee 1977 40915 1,032 25 14 28 84 NA oy
(1990) - 1986 o iman o=
Culver et 1987 84,691 2,376 2.8 2.1 33 6.4 7.1 T feruan
al., (1991) - 1990 T

Note, * C: Clean, C-CO: Clean-contaminated, CO: Contaminated, D: Dirty and infected.

®Refined clean (elective clean operations only) 4.2, Clean (other clean operations) 4.7.
From “Identifying patients at high risk of surgical wound infection” by Haley, Culver,

Morgan, White, Emori, & Hooton, 1985, American Journal of Epidemiology, 121, 206-

215.
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Class I /Clean: An uninfected operative wound in which no inflammation is
encountered and the respiratory, alimentary, genital, or uninfected urinary tract is not
entered. In addition, clean wounds are primarily closed and, if necessary, drained with
closed drainage. Operative incisional wounds that follow nonpenetrating (blunt)
trauma should be included in this category if they meet the criteria.

Expected infection rate 1-5%.

Class II /Clean-Contaminated: An operative wound in which the respiratory, alimentary,
genital, or urinary tracts are entered under controlled conditions and without unusual
contamination. Specifically, operations involving the biliary tract, appendix, vagina,
and oropharynx are included in this category, provided no evidence of infection or
major break in technique is encountered.

Expected infection rate 8-11%.

ClassIll/Contaminated: Open, fresh, accidental wounds. In addition, operations with
major breaks in sterile technique (e.g., open cardiac massage) or gross spillage from
the gastrointestinal tract, and incisions in which acute, nonpurulent inflammation is
encountered are included in this category.

Expected infection rate 15-20%.

Class IV/Dirty-Infected: Old traumatic wounds with retained devitalized tissue and
those that involve existing clinical infection or perforated viscera. This definition
suggests that the organisms causing postoperative infection were present in the
operative field before the operation.

Expected infection rate >25%, if skin is closed.

Note, From “CDC guideline for prevention of surgical wound infections, 1985:
Supercedes guideline for prevention of surgical wound infections published in1982” by J.
S. Garner, 1986, Infection Control, 7, 195 and “APIC infection control and applied

epidemiology: Principles and practice” by Association for Professionals in Infection
Control and Epidemiology, 1996, Mosby.
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The results of the SENIC project is the landmark project on surveillance for
nosocomial infections in the United States, and showed that an adequately organized,
routine, and hospital-wide surveillance program could be expected to reduce the
overall nosocomial infection rates by 32% (Haley, Culver, White, Morgan, Emori, &
Munn, 1985). The NNIS system is the only current source of national sentinel data
on nosocomial infections in the United States. This system began in 1970 when
selected hospitals in the United States started routinely reporting their nosocomial
infection surveillance data to the CDC for aggregation into a national database (Gaynes
& Horan, 1996). Three hundred and twelve hospitals have participated in this system
as of February 2001 (Gerberding, 2001). All NNIS hospitals have greater than 100
beds and tend to be larger than other hospitals in the United States (median size: 360
beds in the NNIS hospitals versus 210 beds in US hospitals). The purpose of the
NNIS system is to establish national risk-adjusted benchmarks for hospital-acquired
infection rates and for device use ratios by using uniform case definitions as well as
data collection methods and computerized data entry and analysis (CDC, 2000). The
CDC has reported the SSI rates by operative procedure and the NNIS risk index
category for SSIs (CDC NNIS system, 2000). The NNIS risk index was developed by
Culver et al. in 1991 in order to stratify surgical patients into strata and to compare the
SSI rates within strata. This was done because each patient has a different underlying
medical condition before surgery and therefore his or her risks for SSIs are varied.

As Smyth and Emmerson (2000) pointed out, the use of the uniform and
unchanged definition of SSIs is the most important component of SSI surveillance.

The CDC definitions of SSIs, originally published in 1988 and modified in 1992
(Garner et al., 1988; Horan, Gaynes, Martone, Jarvis, & Emori, 1992) have been
applied in the majority of studies. According to the CDC definitions, if at least one of

the following is present, a superficial incisional SSI is diagnosed: 1) purulent drainage
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from a superficial incision; 2) organisms isolated from an aseptically obtained culture
of fluid or tissue from the superficial incision; 3) at least one of the following signs or
symptoms of infection: pain or tenderness, localized swelling, redness, or heat and if a
superficial incision is deliberately opened by surgeon, unless the culture from the
incision is negative; and 4) diagnosis of superficial incisional surgical site infection by
the surgeon or attending physician (Horan et al., 1992) (Appendix 1). Although there
are few studies to validate the CDC definitions (Bruce, Russell, Mollison, &
Krukowski, 2001), the CDC has strongly recommended using the definitions of SSIs
without modification in order to identify SSIs among inpatients (Mangram et al., 1999),
because the use of uniform definition enables to compare infection rates between or
among hospitals or with an aggregated database, such as the NNIS system.

Comparing the definitions to others, however, it is clear that the CDC
definitions were modified or a part of the CDC definitions was used in some studies
(Beitsch & Balch, 1992; Garibaldi et al., 1991; Mehta, Prakash, & Karmoker, 1988;
Mishiriki, Law, & Jeffery, 1990; Simchen, Rozin, & Wax, 1990). Also, some studies
used the definition of SSIs developed by researchers (Barone et al., 1999; Barry, Lucet,
Kowmann, & Gehanno, 1999; Newman, Szozukowski, Bain, & Perlino, 1988). Bruce
et al. (2001) identified that forty-one different definitions of SSIs have been used from
their systematic literature review of published prospective studies over a seven-year
period. Based on this result, they pointed out that theoretical validity and reliability
of definitions for SSIs were different from those in terms of clinically important
infections, which required medical interventions. Most of clinicians need practical
and simple definitions for SSIs (eg., the presence of pus), and it is completely different
from the definition used in epidemiological or evaluation research. The definition for
SSIs influences the incidence of SSIs, which were reported in each study. Non-
standardized criteria and definitions will cause misclassification of SSIs, with resulting

intra- and inter-observer variation (Larson et al., 1991).
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Case-Finding Method
Gaynes and Horan (1996) proposed three issues related to case-finding

methods: should SSIs be detected 1) by passive or active means, 2) on patient-based or

laboratory-based data, and 3) prospectively or retrospectively. In a clinical

randomized trial by Kurz et al. (1996), direct examination of surgical wounds by a

physician, laboratory data of a culture of pus, and an instrument for scoring wound

healing and SSIs were used. Their case-finding method of SSIs was active, patient

and laboratory-based, and performed prospectively.
Active surveillance requires more professional skills and knowledge related to o mae

-t

nosocomial infections than does passive surveillance in order to collect data from

various data sources and to judge whether or not a nosocomial infection has occurred. o -

Moreover, active surveillance can compensate for some limitations of the passive - T

method, such as misclassification and underreporting. Laboratory-based surveillance B
o g Y

solely depends on positive results of laboratory examinations of clinical specimens,
therefore SSIs diagnosed based on signs and symptoms without any cultures would be
missed (Gastmeier et al., 1999). Also, the positive microbiological result itself does s T
not indicate the development of SSIs, because the presence of microorganisms in the :
surgical patients sometimes does not cause a specific immune response to infection
(colonization or contamination). On the other hand, patient-based surveillance
includes directly observing surgical sites, counting nosocomial infections, assessing
risk factors, and monitoring patient care procedures and practices (Gaynes & Horan,
1996). Therefore, through patient-based surveillance, SSIs diagnosed based on
purulent discharge and signs and symptoms of SSIs could be detected.

However, observing surgical wounds and deciding whether a SSI has occurred
or not, depends on the subjectivity of researchers or observers, and even though they
have been well trained, the decisions may be subjective. To increase the reliability of

the data and to obtain more precise data, a standardized surveillance system or
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technique has been recommended. Cardo, Falk, and Mayhall (1993b) conducted a
study to determine the sensitivity and specificity of standard infection control
surveillance techniques (medical chart review and discussion with staffs) for
identifying SSIs, by evaluating the findings identified by infection control practitioners
compared to hospital epidemiologists when they identified SSIs. They concluded that
using a standard surveillance technique could lead to the high sensitivity and
specificity in identifying SSIs without the direct examination of surgical wounds.

Pottinger, Herwaldt, and Perl (1997) examined several case-finding methods
for identifying nosocomial infections. The sensitivity of total chart review was
reported as 0.74 to 0.94, and the sensitivity of selected medical record review based on
laboratory records ranged from 0.77 to 0.91, fever from 0.09 to 0.56, and antibiotic use
was 0.57. One of the limitations of the chart review method is that it takes more time
than other methods. Although each method has some advantages and limitations and
there is no consensus about which method is best, Pottinger et al. concluded that total
chart review was no more sensitive than other case-finding methods or combination of
methods.

Discl S " for Sureical Site Infecti

According to the consensus paper by the Surgical Wound Infection Task Force,
a group composed of representatives of the Society for Hospital Epidemiology of
America, the Association for Practitioners in Infection Control, the Surgical Infection
Society, and the CDC, 98% of occurrence of SSIs could be detected within 28 days
after surgery (Sherertz et al., 1992). However, due to shortened lengths of hospital
stay, between 46% and 84% of SSIs do not become apparent until after a patient’s
discharge from hospital (Brown et al., 1987; Delgado-Rodriguez, Gomez-Ortega,
Sillero-Arenas, & Llorca, 2001; Sands et al., 1996; Weigelt, Dryger, & Haley, 1992),
and most incidents of SSIs occur within 21 days after an operation (Weigelt et al.,

1992). Because the postoperative stay at hospitals continues to shorten, postdischarge
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surveillance of SSIs is required to detect infections in the weeks that follow discharge.
Also, when researchers decide to use the standard CDC definitions of SSIs as
identification criteria, targeted surgical patients must be followed within 30 days
postoperatively. However, some studies followed patients within 2 weeks (Garibaldi
et al., 1991) after an operation. If postdischarge surveillance was not conducted, and
data were collected only during hospitalization, the incidence of SSIs resulted in
underestimates of the actual incidence of infections in the sample. Although there are
several ways to conduct postdischarge surveillance of SSlIs, a highly sensitive, specific,
and practical method has not been developed. Among surgical patients who
developed SSIs after their discharge from the hospital, Condon, Haley, Lee, and
Meakins (1988) pointed out that most of them required readmission.  Also, Kirkland
et al. (1999) identified that the Relative Risk (RR) for readmission in infected patients
was 5.5 (95% confidence interval [CI] = 4.0-7.7). In addition to readmission, utility
of postoperative antibiotic exposure (Yokoe et al., 1998) has been used as an indicator
of SSIs in order to capture all occurrences of in-hospital SSIs as well as SSIs after a
patient’s discharge from hospital. In order to obtain precise and accurate data by
combining several methods to identify cases with SSIs and using a standard
surveillance technique to determine SSIs can improve the reliability of data in future

studies.

Risk Factors for Surgical Site Infections
In the following section, major risk factors that contribute to the development of
SSIs are discussed. From the epidemiological point of view, the term “risk factor”
has a certain meaning, strictly referring to a variable that has a statistically significant
and independent association with the incidence of SSIs after a specific operation,
which is identified by multivariate analyses in epidemiological studies (Mangram et al.,

1999). However, as Mangram et al. pointed out, the term “risk factor” is often used
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in a broad sense, and refers to patient or operation features in studies, in which authors
used only univariate analysis. In this literature review, the term “risk factor” is used
in a broad sense, and even those that need further studies or that have controversial
findings are included. Even though a significant association between a risk factor and
the incidence of SSIs was identified, the precise biological or physiological mechanism
of this association is often not known. Therefore, plausible or possible explanations
have often been provided based on logical reasoning but not on scientific evidence.
Li Search and Data E .

A literature search using the MEDLINE and CINAHL database (1966-2001) was
conducted with the keywords “surgical site infections,” “surgical wound infections,”
and “risk factors.” In addition, a manual search was performed using reference lists
from identified research articles. Available studies included in this literature review
met the following criteria: (1) studies were published in English; (2) eligible
participants were admitted to the hospital in order to undergo surgeries except surgical
procedures for implants, which are required a one-year follow up by the CDC
definitions of SSIs; (3) eligible participants were more than 18 years old; (4) the
incidence of surgical site or wound infections occurred during hospitalization was
reported; and (5) the magnitudes of association between each risk factor and SSIs were
reported. Each study was reviewed with the data extraction form made by the author.

Magnitude of / iation | Risk F { Sureical Site Infecti

Researchers have reported possible associations with many risk factors using a
variety of statistical analyses, for example univariate Odds Ratio (OR) or RR,
multivariate OR, p-value based on comparison of two means, p-value from Chi-
squared test for trend, and in some cases the specific method was unstated. Crude OR
or RR based on univariate analysis and adjusted OR (AOR) based on multivariate
analysis are used as the magnitude of risk factors on SSIs in this review. To examine

the association between each risk factor and SSIs, the following criteria were used
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(Bignardi, 1998):

1. Consistency; whether a statistically significant positive association was found
in the majority of the studies using univariate analysis (at least three studies).

2. Independence; whether a statistically significant positive association was
found even after using multivariate analysis.

3. Strength; an OR is well above 1 and statistically significant for risk factors
investigated in the majority of the studies using univariate analysis (at least three
studies). Or if the association was statistically significant both in univariate and
multivariate analysis, and OR more than 5 was found in the latter in a single report, the
risk factor was regarded as an independent risk factor for SSIs.

4. Biological plausibility; whether the precise biological or physiological
mechanism of the association can be explained by scientific evidence or logical

reasoning.

! iation | Risk F { Sureical Site Infecti
Patient’s S ibili Infection/ Intrinsic Risk F

Age. Twenty-seven studies examined an association between age and SSIs
using either univariate or multivariate analysis (Table 3). The findings of 14 studies
reached statistical significance (Beattie, Rings, Hunter, & Lake, 1994; Bertin, Crowe,
& Gordon, 1998; Christou et al., 1987; Claesson et al., 1995; Claesson & Holmlund,
1988; Cronquist, Jakob, Lai, Latta, & Larson, 2001; Kluytmans et al., 1995; Lecuona,
Torres-Lana, Delgado-Rodriguez, Llorca, & Sierra, 1998; Lizan-Garcia, Garcia-
Caballero, & Asensio-Vegas, 1997; Medina-Cuadros et al., 1996; Mehta et al., 1988;
Shapiro, Munoz, Tager, Schoenbaum, & Polk, 1982; Velasco, Thuler, Martins, Dias, &
Gongalves, 1998; Vilar-Compte, Mohar, Sandoval, Rosa, Fordillo, & Volko, 2000)
Except for the results of four studies, advanced age is an independent risk factor for
SSIs (adjusted OR ranged from 1.02 to1.6) (Beattie et al., 1994; Cronquist et al., 2001;
Kluytmans et al., 1995; Shapiro et al., 1982). These findings provide substantive
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evidence of advanced age as an independent risk factor for SSIs. Raymond et al.
(2001) identified that mortality associated with intra-abdominal infections were
significantly higher in the patients equal to or greater than 70 years old compared to
those of patients under 70 years of age (23.2% vs. 6.3%, p<.001).

Four studies identified that younger age was significantly associated with the
incidence of SSIs (Beattie et al., 1994; Cronquist et al., 2001; Kluytmans et al., 1995;
Shanpiro et al., 1982). The majority of 13 studies that did not identify statistically
significant associations between age and SSIs included patients who underwent cardiac
surgery (Borger, Rao, Weisel, Ivanov, Cohen, Scully, & David, 1998; He et al., 1994;
Lilienfeld, Vlahov, Tenney, & McLaughlin, 1988; Nagachinta et al., 1987; Ottio et al.,
1987; The Parisian Mediastinitis Study Group, 1996; Slaughter, Olson, Lee, & Ward,
1993, Trick et al., 2000; Vuorisalo, Haukipuro, Pokela, & Syrjaja, 1998). When age
is examined as a risk factor for SSIs, the relationship between age and some specific
diseases that would require surgery, such as hysterectomy or coronary artery bypass
grafting, or comorbid conditions should be considered.

Gender. Twenty-one studies examined an association between gender and
SSIs (Table 4). Among them, four studies identified male as a risk factor for SSIs
(Borger et al., 1998; The Parisian Mediastinitis Study Group, 1996; Tang et al., 2001;
Velasco et al., 1998) and another three studies identified the opposite findings
(Lilienfeld et al., 1988; Simchen et al., 1990; Vuorisalo et a., 1998). Although a few
studies identified a statistically significant association between gender and SSIs using
multivariate analysis, there is not enough evidence for gender as an important risk
factor for SSIs.

Race/ ethnicity. In the previous study (NAS-NRC-AHCT, 1964), a small
relationship between race/ ethnicity and SSIs was identified. Only three studies
(Nagachinta et al., 1987; Simchen, Shapiro, Michel, & Sacks, 1981; Simchen, Stein,

Sacks, Shapiro, & Michel, 1984) examined an association between race/ethnicity and
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SSIs using either univariate or multivariate analysis (Table 5). Two studies compared
Arabs to non-Arabs (Simchen et al., 1981; Simchen et al., 1984), and the findings were
inconsistent. Because of a lack of the consistency, the strength, and the biological
plausibility required to judge whether a variable is an important risk factor from the
epidemiological point of view, race/ ethnicity is not an important risk factor for SSIs.

American Society of Anesthesiologists preoperative assessment score. An
American Society of Anesthesiologists (ASA) preoperative assessment score has been
used as an indicator for a patient’s underlying severity of illness or the host
susceptibility to infection (Culver et al., 1991; Mangram et al., 1999). This score was
originally designed to standardize physical status categories for statistical studies and
for hospital records so that uniform interpretation would be possible. It ranges from 1
for a normally healthy patient to 5 for a patient not expected to survive the next 24
hours (ASA, 1963).

Twelve studies examined an association between the ASA score and SSIs
(Table 6). The findings of six studies reached statistical significance and four studies
among them used multivariate analysis (AOR, 1.4-2.4) (Garibaldi et al., 1991; Lecuona
et al., 1998; Medina-Cuardos et al., 1996; Rantala et al., 1997; Tang et al., 2001,
Velasco et al., 1998). These results provide substantive evidence that general surgical
patients with an ASA score of more than 2 or 3 points were identified to have
significantly high risks for SSIs. However, the ASA score is not an important risk
factor for patients who underwent a specific type of surgery, such as coronary artery
bypass grafting (The Parisian Mediastinitis Study Group, 1996; Trick et al., 2000;
Vuorisalo et al., 1998) and head and neck oncology surgery (Barry et al., 1999).

In addition, the accuracy of the rating of the ASA score is questionable.
Several study results (Haynes & Lawler, 1995; Owens, Drkes, Gilvert, McPeek, &
Ettling, 1975; Owens, Felts, & Spitznagel, 1978; Ranta, Hynynen, & Tammisto, 1997,

Salemi, Anderson, & Flores, 1997) revealed enough evidence of the inconsistency or
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the discrepancy of the ASA score as related to subjective determination by
anesthesiologists. Salemi et al. found discrepancies in the ASA score by reviewing
the medical charts of 250 patients after prosthetic-joint surgery. They pointed out that
there was a 59% discrepancy rate between the class of ASA 2 and 3. Haynes and
Lawler conducted a study of 113 anesthetists to evaluate the reproducibility of the
grading system using 10 hypothetical patients who suffered from frequent problems.
They concluded that there was an inconsistency regarding anesthetists in allocating the
ASA score, and that the ASA score alone could not be considered to satisfactorily
describe the preoperative physical status of a patient.

QObesity. Although the precise biological or physiological mechanism of the
interaction between obesity and SSIs is still unclear, some studies of immunologic
function in obese humans and experimental animals have indicated that excess
adiposity is associated with impairments in the person’s nonspecific defense
mechanisms (Stallone, 1994).

Twenty-five published studies examined an association between obesity and
SSIs. Table 7 shows the characteristics and the findings of these studies. The
definitions of obesity were classified into the following three groups: 1) Body Mass
Index (BMI), 2) patient’s weight, and 3) thickness of the subcutaneous tissue. Soper,
Bump, and Hurt (1995) used above three indicators to measure obesity. In two
studies (Brown, Moor, Hummel, Marshall, & Collins, 1996, Slaughter et al., 1993),
criteria or definitions of obesity were not mentioned.

Among 17 studies that used the BMI as an indicator of obesity, except for one
study related to only deep SSIs (Moulton, Creswell, Mackey, Cox, & Rosenbloom,
1996) and three studies conducted by Chobau, Heckler, Burge, and Glancbaum (1995),
Kluytmans et al. (1995), and Trick et al. (2000), obesity is positively related to the
development of SSIs. In the study by Moulton et al., SSIs were divided into
superficial and deep SSIs using the CDC definitions (Horan et al., 1992). They
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concluded that obesity was a significant risk factor for superficial SSIs but not for deep
SSIs. Findings from the studies using the patient’s weight and the thickness of the
subcutaneous tissue as the definition of obesity did not provide enough evidence of
obesity as a significant risk factor for SSIs (Brown et al., 1996; Nystrom, Jonstam,
Hojer, & Ling, 1987; Pelle et al., 1986; Pitkin, 1976; Shapiro et al., 1982; Slaughter et
al., 1993; Soper et al., 1995; Spelman et al., 2000). From these results, obesity
increases the risk for developing SSIs, but the effect of obesity on SSIs is influenced
by the definition or an indicator of obesity.

Malnutrition. Table 8 shows seven studies that examined an association
between malnutrition and SSIs using serum albumin, hemoglobin, serum transferrin,
total lymphocyte, or weight loss (Braga, Vignali, Radaelli, Gianotti, & Carlo, 1992;
Casey et al., 1983; Christou et al., 1987; Medina-Cuadros et al., 1996; Nagachinta et
al., 1987, Velasco et al., 1998). Besides various indicators used in each study, the
definition of malnutrition was not clearly described in some previous studies (Cruse,
1981; Cruse & Foord, 1973, 1980; NAS-NAC-AHCT, 1964). Because of these issues,
an epidemiological association between SSIs and malnutrition is difficult to
demonstrate consistently.

Even though the effects of serum albumin levels on SSIs were not consistent,
severe protein malnutrition seemed to be associated with the incidence of postoperative
SSIs (Christou et al., 1987; Claesson et al., 1995; Medina-Cuadros et al., 1996;
Nagachinta et al., 1987). Because of a lack of the association consistency and the
strength as well as various indicators used to measure malnutrition, more studies would
be needed to judge whether malnutrition is a significant risk factor for SSIs.

Diabetes mellitus. As hyperglycemia is well known to weaken the host
defense mechanisms and resistance to infection (McMohon & Bruce, 1995), diabetes
mellitus has been regarded as a possible risk factor for SSIs.

Sixteen studies examined an association between diabetes mellitus and SSIs
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(Table 9). The findings give substantial evidence that diabetes mellitus is an
important risk factor for developing SSIs. Recent study conducted by Latham et al.
(2001) identified the role of chronic hyperglycemia as a risk factor for the development
of SSIs, and concluded that postoperative hyperglycemia and previously undiagnosed
diabetes were associated with the risk of postoperative SSIs. Among 16 studies in the
Table 9, the risk adjustment and the accuracy of data should be considered. Diabetes
mellitus might be confounded by other factors, such as age and obesity. Also, the
methods used in each study in order to collect the data about diabetes mellitus status
were inconsistent. When the data were collected by self-report or medical chart
review, the accuracy of the data might be influenced by observation bias.

Remote infections. Haley et al. (1981) identified that the presence of
previous nosocomial or community-acquired infections at any site increased the risk of
subsequent nosocomial SSIs fourfold, using the data of 169,526 medical and surgical
patients selected from 338 hospitals in the United States. The mechanism between
remote infections and SSIs might be presumed from the previous case report of sternal
wound infections presenting 6 months after coronary artery bypass surgery (Stuesse,
Robinson, & Durzinskey, 1995). Significant number of bacteria in any part of the
body will gain access to the wound through the blood stream as well as the surgical
procedure performed.

Table 10 shows six studies that examined an association between remote
infections and subsequent SSIs (Garibaldi et al., 1991; Newman et al., 1988; Simchen
et al., 1990; Valentine et al., 1986; Velasco et al., 1998; Vilar-Compte et al., 2000).

As the findings were consistent and the association between remote infections and SSIs
was strong, the presence of infections at any site of the body other than the surgical site
at the time of operation increases the risk of SSIs.

Malignancy. Six studies examined an association between malignancy and

SSIs (Table 11). All study findings reached statistical significance. Although
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Sawyer and Pruett (1994) asserted that malignancy could not be considered an
independent risk factor for SSIs, it is an important risk factor for SSIs among patients
who undergo specific surgical procedure from the results (Claessonet al., 1995;
Claesson & Holmlund, 1988; Lecuona et al., 1998; Lizan-Garcia et a., 1997; Medina,
Sillero, Martinez-Gallego, & Delgado-Rodriguez, 1997; Medina-Cuadros et al., 1996).

Malignancy might affect the patient’s susceptibility to SSIs, because it leads
nalnutrition or low albumin levels. The data about not only previous and current
iagnoses of malignancy but also the phase or the stage of malignancy would be useful
) examine the association between malignancy and SSIs. However, no study
xamined this association using data about severity of malignancy.

Immunosuppressive drug use. From the previous study findings, the
fect of systematic steroid or other immunosuppressive drug use on SSIs is
ntroversial (Cruse and Foord, 1973; Edwards, 1976; Haley et al., 1981; NAS-NRC-
DCT, 1964, Post et al., 1991). Haley et al. reported that patients who took
munosuppressive medications were three times more likely to have developed SSIs
an those without taking immunosuppressive drugs were. However, although steroid
rapy is known to influence the patients’ immune system, Spelman et al. (2000) and
orisolo et al. (1998) concluded that immunosuppressive therapy did not influence
: SSI rate.

Table 12 shows six studies examined an association between systematic
roid or other immunosuppressive drug use and SSIs (Bertin et al., 1998; Kluytmans
1., 1995; Nagachinta et al., 1987; Slaughter et al., 1993; Spelman et al., 2000;
orisalo et al., 1998). There was not enough evidence for the independence and the
ngth of this association.

Nasal contamination. Staphylococcus aureus is most frequently isolated
n the cultures of infected wounds. This pathogen is carried in the nares of 20% to

o of healthy people (Perl & Golub, 1998, cited in Mangram et al., 1999).
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However, the association between skin contamination before surgery and postoperative
SSIs is controversial. Three studies examined an association between preoperative
nasal colonization with Staphylococcus aureus or Staphylococcus pyogenes and SSIs
(Table 13). Kluytmans et al. (1995) identified that nasal carriage of Staphylococcus
aureus significantly increased the incidence of SSIs with this organism after cardiac
surgery, Davidson and his colleagues (Davidson, Clark, et al., 1971; Davidson, Smith,
& Smylie, 1971), however, concluded that nasal and skin carriage of Staphylococcus
yyogenes was not significantly associated with increases in Staphlococcal SSIs.
"herefore, the development of SSIs caused by S. aureus might be associated with
reoperative nasal carriage with this organism, but more studies would be needed.

Perioperative temperature (hypothermia). Accidental hypothermia is defined
s a spontaneous decrease in the core temperature, usually in a cold environment and
ssociated with an acute problem without primary pathology of the temperature
gulatory system. According to Dennison (1995), more than 90% of patients
1dergoing surgery experience some degree of postoperative accidental or
lintentional hypothermia.
Many researchers examined the biological or physiological mechanisms

tween hypothermia and SSIs (Beilin et al., 1998; Forstot, 1995; Frank et al., 1992,
97; Johsson et al., 1988; Hopf et al., 1997, Sessler, 1993), and perioperative
intentional hypothermia may increase the patient’s susceptibility to SSIs and risks

impaired wound healing by causing a decrease of oxygen in tissues and impairment
immune function. Based on this knowledge, several researchers have tested the
yothesis that hypothermia increases the patient’s susceptibility to SSIs and have
iblished evidence to support their hypothesis (Hopf et al., 1997; Kurz et al., 1996;
ffield, Sessler, & Hunt, 1994). A prospective randomized clinical trial by Kurz et
1996) identified that hypothermia was an independent risk factor for SSIs and

othermic patients were five times more likely to develop SSIs than normothermic
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patients (AOR = 4.9, 95%CI = 1.7-14.5). However, three out of five studies (Barone
et al., 1999; Munn et al., 1998; Trick et al., 2000), which examined the relationship
between the intraoperative core temperature and SSls, failed to identify that
hypothermia was an important risk factor for SSIs (Table 14). Although the
biological or physiological mechanisms between hypothermia and SSIs have been
examined and explained by scientific evidence, the association between the
perioperative core temperature and the occurrence of SSIs is controversial and more
studies are needed.

Abdominal surgery. Abdominal surgery is more likely to be contaminated or
lirty because most of them enter the gastrointestinal tract or involve open trauma
njuries. Haley, Culver, Morgan et al. (1985) conducted a retrospective study using a
ationwide sample of 58,498 surgical patients, and identified that the abdominal site of
peration was the strongest predictor or risk factor for SSIs. Garibaldi et al. (1991)
so showed an association between the lower abdominal sites and the high rates of
Is by univariate analysis (RR = 2.0, 95%CI = 1.2-3.1). Recently, Nguyen et al.
001) identified that abdominal surgery was a significant predictor for SSIs (AOR =
6, 95%CI =1.5- 13.28) among surgical patients at two acute-hospitals in Vietnam.
spite of the limited number of research articles, due to the consistent findings and

fairly strong association, abdominal surgery increases the risk of SSIs.
Duration of preoperative stay. Although the prolonged preoperative hospital

“has been regarded as an independent risk factor for SSIs, not all researchers

tified a statistically significant association between the length of preoperative

ital stay and SSIs (Borger et al., 1998; Slaughter et al., 1993; Trick et al., 2000;

isalo et al., 1998). Fourteen studies examined an association between the

ion of preoperative stay and SSIs (Table 15). Even though arbitrary cut points of

iration of hospital stay of each study were inconsistent, the findings of eight

s reached statistical significance. Therefore, the prolonged preoperative
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hospital stay is positively related to the development of SSIs.

Cigarette smoking. Nicotine from cigarette smoking results in the reduction
of peripheral blood flow, and poor blood perfusion and oxygenation impair the
oxidative killing system of the nonspecific immune system (Benhaim & Hunt, 1992).
Also poor oxygenation in the tissues at the surgical wound site has been known to
delay the normal wound healing process. Although the physiological mechanism
remains conjectural, an association between cigarette smoking and SSIs might be
strong.

Table 16 shows six studies examined an association between cigarette
smoking and SSIs (Beitsch & Balch, 1992; Borger et al., 1998; Kurz et al., 1996;
Nagachinta et al., 1987; Spelman et al., 2000; Vuorisalo et al., 1998). Kurz et al.

identified that an adjusted OR of SSIs for cigarette smoking was 10.5 (95% CI = 3.2-

34.1). Because of the consistency, the strength, and the biological mechanism of this ¢

P TR 4 -

association, cigarette smoking increases the risk of SSIs. In future studies, as

AS Lt MES

Mangram et al. (1999) pointed out, the definition of current cigarette smoking or

smoking history should be considered. o

Y

Alcohol use. Alcohol has been known to affect several physiological
systems including the cardiovascular, central nervous, and immune systems.
Therefore, alcohol use might increase the risk of postoperative SSIs. By using
multiple logistic regression analysis in a prospective cohort study conducted by
Rantala et al. (1997), alcohol abuse was strongly associated with the incidence of SSIs
(Table 17). However, the finding of the study conducted by Newman et al. (1988)
was opposite. Also, Weigelt et al. (1992) identified that nonalcoholic patients were
more likely to have the risk of SSIs after discharge from hospitals in their prospective
cohort study of 16,453 consecutive patients who underwent general surgery in trauma,
thoracic, and transplant services. From these results, the effect of alcohol on SSIs is

controversial. Therefore, more studies are needed to examine the relationship
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between alcohol use and SSIs.

Psychosocial factors. Few studies examined the relationship between
psychosocial factors, such as depression and social support, and SSIs. Whitehouse,
Friedman, Kirkland, Richardson, and Sexton (2002) conducted a pairwise-matched
case-control study to examine the impact of orthopedic SSIs on the patient’s quality of
life, length of hospitalization, and cost. They identified that patients with SSIs had
substantial reductions in their quality-of-life measures one year after their initial
surgery, compared with those without SSIs. A meta-analysis paper by Herbert and
Cohen (1993) identified that although the effects of all immune parameters were not
consistent, in general stressful life experiences were associated with changes in o
immune parameters in human, including decrements in percentage of CD4 and CD8 T
cells, decreases in the number and function of natural killer cells, and lower
lymphocyte proliferation in response to specific mitogens. For patients, admission to .
hospitals and undergoing surgeries would be stressful life experiences, and those

experiences might influence the patient’s susceptibility to SSIs.

Peri ive F 5

Duration of operation. The mechanism of duration of operation is still
unclear. Cruse and Foord (1980) proposed the following four explanations: 1) an
increase in the contamination of the wound with longer operations; 2) an increase in

tissue damage from drying, prolonged retraction, and manipulations; 3) an increase in
the amount of suture and electrocoagulation, which may reduce the local resistance of
the wound; and 4) greater suppression of the host defenses from blood loss and shock.
Also, Dellinger, and Ehrenkranz (1998) have mentioned that prolonged operations
Tesult in the potential for hypothermia in patients, because multiple organs are exposed
fo unexp» e cted cold ambient operating temperatures for a longer time period.
"I wenty-eight studies examined an association between duration of operation

and $§Iss (Table 18). Although a few epidemiological studies failed to identify
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duration of operation as an independent risk factor for SSIs (Bertin et al., 1998;
Christou et al., 1987; The Parisian Mediastinitis Study Group, 1996; Slaughter et al.,
1993; Trick et al., 2000; Vuorisolo et al., 1998), the majority of research findings have
supported the strong association between duration of operation and SSIs. The
researchers set arbitrary duration cut points for comparing the SSI rates. In spite of
inconsistent cut points, there is a direct or linear relationship between duration of
operation and the incidence of SSIs.

Number of operations. More than one operation during one hospitalization

results in more opportunities for microorganisms to reach the surgical sites. Simchen
et al. (1981) identified that patients who underwent more than one operation during an ' .-
admission were more likely to develop SSIs than those with only one operation (AOR .
=7.3,p<.05). Especially, there was a higher infection rate after the second :
operation, if it was performed within one week after the first operation. Numbers of ’

operations might be an important risk factor for SSIs, however, due to little evidence,

more studies are needed to examine this relationship.

Urgency of operation. Operations carried out under emergency conditions or oAl

circumstances have been considered a risk factor for postoperative SSIs. Fifteen
studies examined an association between urgency of operation and SSIs (Table 19). .
Urgency of operation was defined as the mode of surgical intervention, an emergency
or an elective operation (Ottino et al., 1987; Vuorisalo et al., 1998). Although
urgency of operation might increase the risk of SSIs, more studies are needed because
of a lack of the independence and the strength of this association.
Surgical scrub/ antiseptic agents. The basic aims of the use of preoperative
hand and forearm antiseptic and surgical scrub are to remove dirt, skin oil and
microbes from the healthcare personnel’s skin, to reduce the microbial count as much
as possible in the shortest period of time with the least amount of skin irritation, and to

leave an antimicrobial residual residue on the skin as long as possible to prevent
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m icrobial growth throughout an operation (Galle, Homesley, & Rhyne, 1978). The

ch oice of appropriate antiseptic agents and the effective protocol of surgical scrub are

e x ammined in terms of prevention of SSIs. Issues such as scrubbing technique,

duration of scrubbing, condition of the healthcare personnel’s skin, complications of
scrubbing, and techniques of drying and gloving should be considered.
Although Cruse and Foord (1973, 1980) reported that no relationship to SSIs
w as shown when different hand-scrub preparations were used, effective and
a p>p ropriate methods and protocols for surgical scrubbing have been examined in
1 rx t e rvention studies (Doebbeling et al., 1992; Galle et al., 1978). Alcohol is .
c o s idered the gold standard for surgical hand preparation, but Doebbeling et al.

( 1 © 92) identified that a hand-disinfection system using an antimicrobial agent St

(< ¥ 1 orhexidine) reduced the rate of nosocomial infections at the Intensive Care Unit

MO e effectively than using alcohol and soap.  Although Nichols, Smith, Garcia, L oLt

VNV @ t €rman, and Homes (1997) reported that providone-iodine and chlorhexidine ; “r ; ’5
£ 1w conate are most frequently used in U.S. hospitals, alcoholic chlorhexidine was :ﬁ o
found to have greater residual antimicrobial activity than 7.5% povidone-iodine or 4% "f ‘:

Shlorhexidine gluconate (Wade & Casewell, 1991). More studies are needed to
Adetermine which methods of surgical scrub and antiseptic agents are appropriate for the
h'aalthcaro: personnel in the operating room. However, almost 150 years ago, since
Lister introduced disinfection of hands and sterilization of operative instruments for a
Teductijon of the SSI rates (Vandenbroucke-Grauls & Kluytmans, 2001), it is clear that
NOnuse of disinfectants or antiseptic agents as well as non-compliance with surgical
SCrub definitely increases the risk of SSIs.
Time of day. Cruse and Foord (1973) conducted a five-year prospective
Study of 23,649 surgical wounds and showed an association between time of day and
the occurrence of SSIs.  The SSI rate of the clean surgeries which were performed

between midnight and 8 AM was more than tripled (8§ AM- 4PM 2.0% vs. Midnight- 8
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AN 6.8%), and the clean-contaminated infection rate during the same time period was
doubled (8 AM- 4PM 9.9% vs. Midnight- 8 AM 18.3%). As authors explained, a loss
o £ p erfect operating techniques due to weariness and urgency of operation might cause
th e riseof the SSIrates. Also, Gil-Egea et al. (1987) showed the lower clean wound
i fection rates in the operations scheduled last compared to first or second (p <.001).
IDwu e to the limited results, it is difficult to interpret the association between time of day
and the occurrence of SSIs.
Month of year. From the previous epidemiological studies, researchers
fowand apeak of the infection rates in July (Condon et al., 1983; Cruse and Foord,
1 © 8 O; Mead et al., 1986) or in hot and humid season (Mehta et al., 1988). However,
S 1 xxachen et al. (1990) could not identify the same result in their prospective cohort
stwa Ay of 1,487 patents undergoing hernia surgery. Because of a lack of the
€ O sistency and the logical reasoning of this association, month or season of year
M1 = ht not be an important risk factor for SSIs.
Wound classification system. The classification system of wounds according
tO potential endogenous bacterial contamination was introduced in the NAS-NRC-
AHICT study (1964). This classification system includes the following four
CAate gories of wounds: clean, clean-contaminated, contaminated, and dirty-infected.
Many subsequent epidemiological studies have utilized this classification
SYStem to compare the postoperative SSI rates according to all categories. Ten studies
SXamined an association between this classification system and SSIs (Table 20) and all
ﬁndings reached statistical significance. Therefore, there is substantial evidence to
idel'lti fy that the wound classification system is an important or independent risk factor
for the development of SSIs.
Cardo, Falk, and Mayhall (1993a) examined the accuracy of surgical wound
classification by circulating nurses compared to the results of physicians. They

toncluded that surgical wounds were classified with a high degree of the accuracy, and
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that classification was more difficult in trauma than in general surgery by circulating
Nnurses.

Wound drains. Wound drainage systems may give microorganisms that are
part of the surgical patient’s normal skin flora an opportunity to migrate along the
sur face of the drain, or exogenous pathogens might enter through abdominal drains if
amn opendrainage system is used. Previous studies identified the possible relationship

b e tw een wound drainage systems and the incidence of SSIs (Cruse, 1981; Cruse &

Foord, 1973, 1980; NAS-NRC-ADCT, 1964). Eleven studies examined an

Aa s s ociation between wound drainage systems and SSIs (Table 21).  Although three
s tuadies did not identify statistically significant results (Bertin et al., 1998; Garibaldi et s
@al .. 1991;Simchen etal., 1981), wound drains or drainage systems increase the risks of e
> < s toperative SSIs (Claesson et al., 1995; Gil-Egea et al., 1997; Lecuona et al., 1998; .
S ixmachenet al., 1990; Simchen et al., 1984; Tang et al., 2001; Velasco et al., 1998; ' _3
Vil arxr-Compte et al., 2000), because of the consistent and independent findings as well 2

As the biological plausibility.

Preoperative hair removal. The increased risk of SSIs associated with e
Sh‘EIVVing has been attributed to microscopic cuts in the patients’ skin that later serve as _
foci for bacterial multiplication (Mangram et al., 1999). Table 22 shows four studies

SX amined an association between preoperative shaving and SSIs (Alexander, Fischer,
BoB'ajian, Palmquist, & Morris, 1983; Mehta et al., 1988; The Parisian Mediastinitis
Study Group, 1996; Sellick, Stelmach, & Mylotte, 1991). Preoperative shaving,
€SP ecially shaving with a razor at the night before an operation, has been associated
With significantly higher SSI rates than any other methods including the use of shaver,
cliIJIDing, or depilatory in the morming of an operation (Alexander et al., 1983; Sellick
®t al., 1991; Seropian & Reynolds, 1971). Currently, if hair removal is necessary, the
Us€ of depilatory or clipper just before operation is the recommended and common

method.
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Preoperative patient’s skin preparation. Preoperative bathing is a routine

procedure for surgical patients in order to prevent postoperative SSIs, but the value of

this practice in terms of the postoperative SSI rates is controversial.

Kaiser, Kernodle,
B arg, and Petracek (1988) identified that the number of Staphylococcal colony counts

increased at both the subclavian and inguinal sites after washing with a non-medicated

s o ap lotion, but that the use of chlorhexidine (Hibicleans) was shown to reduce the

mnurnber of Staphylococcal colony counts at both sites.

= 1 th hexacholorophene or chlorhexidine resulted in significant reductions in skin
< o 1 onization (Paulson, 1993).

S € ronge, Marriner, and Sedgwick (1983), patients who were colonized with

~= Tt aaphylococcus aureus might benefit from preoperative total bathing with antiseptics

X= & c ause the incidence of colonization of the skin is not a very common phenomenon

CsEkcin colonization 2% versus nasal colonization 17.3%), complications by the use of
Am tiseptics as well as benefits from preoperative shower or bathing with antiseptics
Sh o uld be examined and considered.  Also, except for the studies conducted by Cruse

arxd Foord (Cruse, 1981; Cruse & Foord, 1973, 1980), the effectiveness of preoperative

total bathing or shower has not been shown to reduce the postoperative SSI rates.

Therefore, more studies about preoperative patients’ skin preparation in terms of
Teducing the incidence of SSIs are needed.

Surgical drapes/ gowns. The aim of the use of sterile surgical drapes and
BOwns is to create a barrier between the surgical field and potential sources of bacteria

Sterile surgical gowns are worn by all scrubbed operational personnel and sterile

drap es are used to place over the patients. Although Garibaldi, Maglio, Lerer, Becker,
and Lyons (1986) conducted a controlled clinical trial and identified that nonwoven

and disposable gowns and drapes were no better barrier for intraoperative
COntamination or postoperative SSIs than reusable cotton gowns and drapes, the

OPposite results were reported by Moylan, Fitzpatrick, and Davenport (1987).

70

Shower or total body bathing

Also, from the finding of the study conducted by Leigh,



R ecently, Tammelin, Harbraus, and Stahle (2001) compared conventional scrub suits to
ti gghtly woven special scrub suits, both of which were made of cotton and polyester,
and identified that use of special scrub suits reduced the dispersal of bacteria including

S taphylococcus aureus from staff in the operating room. Now several fabric types or

ch aracteristics of drapes and gowns are available (Smith & Nichols, 1991).

For
ex ample, reusable and disposable gowns and drapes are used in the operating room,

and also there are several kinds of fabric characteristics of disposable gowns and
drapes.

Because of this variety of available sterile surgical drapes and gowns, one

< o sistent conclusion cannot be derived from the previous study results.

Principle surgeon. Surgical technique or skill has been believed to be an

1L X P> ortant risk factor for the development of postoperative SSIs, but it has been

A 1 £¥1 cult for researchers to identify the relationship between the surgeon’s technique
axaxd the rate of SSIs.

Effective hemostasis, maintenance of an adequate blood supply,

exxaoval of all devitalized tissue, obliteration of dead space, use of fine nonabsorbed
S\ tuare material, and wound closure without tension are held as basic to the practice of

M O d ern surgery and to the prevention of postoperative SSIs (Mayhall, 1993). Some

T'SsS earchers have tried to examine this relationship by comparing the postoperative SSI
Tates according to principle surgeons. Table 23 shows six studies examined this
relationship (Conklin et al., 1988; Lecuona et al., 1998; Medina et al., 1997; Medina-
c:uadros et al., 1996; Simchen et al., 1981; Simchen et al., 1990; Tang et al., 2001;

Vi lal‘-Compte et al., 2000). From these results, the principle surgeon is an important
Tisk factor for SSIs.

Prophylactic antibiotics. Since antibiotics were introduced in 1950s

(Dellinger, 2001), subsequent clinical trials and laboratory studies have demonstrated
the usefulness of prophylactic antibiotics. The aim of the use of prophylactic
Antibiotics is to reduce the microbial burden of intraoperative contamination to a level

that cannot overwhelm the host defenses (Mangram et al., 1999). The non-specific
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host defense is critical to prevent SSIs immediately after an organism gains access to
the surgical site. As within hours (“the decisive period”), the ultimate size of
infectious lesion has been recognized to be determined, reduction or block of the host
defense systems during this critical period leads to increase the risk for SSIs.
Therefore, prophylactic antibiotics have to be performed before tissue contamination
with organisms in order to increase the host defense systems and to prevent SSIs
(Ronald, 1983). Itis now accepted as a routine part of surgical procedures in clean-
contaminated surgeries and some type of clean surgeries (de Lalla, 2002). In the case
of contaminated or dirty operations, bacterial contamination and/or infection has .
already been occurred before surgeries, therefore not the use of prophylactic antibiotics o

but tIae perioperative administration of antibiotics is necessary to treat SSIs.

Nighnteen studies examined an association between antibiotic SRR
adrry i ma i stration including prophylactic antibiotics and SSIs (Table 24). Some studies v ' ‘
Corm p» =a red the SSI rates according to presence or absence of prophylactic antibiotics, e ,

aﬂ TR PO I -

and © thers compared the SSI rates according to the efficient protocol of the use of
PrOo> ka N lactic antibiotics, such as timing of prophylactic antibiotics (Classen et al., AR
199> > Nizan-garcia et al., 1997; Trick et al., 2001). From these results, the use of )
MUAB i tics non-effectively, excessively, and inappropriately increases the risk for
POST > erative SSIs. Based on the would classification of each surgery, the timing of
NI i <> tics administration relative to the time of incision is the most crucial factor in
PFeN & ting SSIs (Akalin, 2002).

. Chemotherapy. Preoperative chemotherapy has been regarded as a possible
sk T tor for the development of SSIs. Table 25 shows three studies examined an
ISSocj <=ation between chemotherapy and SSIs (Bertin et al., 1998; Penel et al., 2001;
VelaSQ <o et al,, 1998), but only one finding reached statistical significance.
Chem <Otherapy influences on the patient’s immune system. Therefore chemotherapy

its <\ . . .
W mnay increase the risks of SSIs, but more studies are needed.
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