Surgical wound infection
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Objective. To review the risk factors for surgical wound infection; the use of prophylactic antibiotics in the
prevention of wound infection; and the benefits of wound surveillance programmes to reduce the rate of surgical
wound infection.

Data sourcesMedlineliterature search and review of published work on surgical wound infection, and the
references cited in them.

Study selection Critical studies containing supporting evidence were selected.

Data extraction. Data were extracted independently by multiple observers.

Data synthesisFactors that affect the susceptibility of a wound to infection include a pre-existing illness, the
duration of the operative procedure, wound contamination, three or more diagnoses at the time of discharge,
and abdominal operations. Antibiotic prophylaxis can decrease postoperative morbidity, shorten hospital stay,
and reduce overall costs attributable to infection; the choice of antibiotic depends on the wound class. Wound
surveillance can also decrease wound infection rates.

Conclusion.Surgical wound infections are common and consume a considerable portion of health care finances.
Areduction in the infection rate to a minimal level, however, can be achieved by the judicious use of antibiotic
prophylaxis and the use of an organised system of wound surveillance and reporting.
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Introduction There are intermediate categories of wounds that may
or may not be infected—namely, wounds that have a

Surgical wound infection is a common postoperativemall amount of clear discharge. These wounds may

complication and causes significant postoperativee considered as ‘possibly’ or ‘probably’ infected.

morbidity and mortality, prolongs hospital stay, andn 1992, the Surgical Wound Infection Task Force

adds between 10% and 20% to hospital costs. Althoutdplaced the term ‘surgical wound infection’ with

the total elimination of wound infection is not possiblesurgical site infection’, to include infections of

a reduction in the infection rate to a minimal levebrgans or spaces deep in the skin and soft tissues, such

could have significant benefits in terms of both patiets peritoneum and bone. Surgical site infection is

comfort and medical resources uded. classified into superficial site infection and organ or
space infectioA.

Any purulent discharge from a closed surgical

incision, together with signs of inflammation of theé~actors that affect the incidence of wound

surrounding tissue should be considered as wouimfection

infection, irrespective of whether micro-organisms

can be cultured. Infection can occur at an incision siféhere are many factors that are thought to affect the

within 30 days of an operation, but wounds that asusceptibility of any wound to infection, some of which

closed and primarily healed are not considered infectesirongly predispose to wound infection. These factors

include pre-existing iliness, length of operation, wound
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The effect of pre-existing illnesses on wound The wound class has been shown to be independently
infection predictive of wound infection in several large studies
using multivariate analysis. In 1980, the Foothills
In the Study on the Efficacy of Nosocomial InfectiorHospital study of 6239 wounds generated a set of
Control (SENIC) of 1970, 58 498 patients undergoingiound infection rates for the four wound classes: clean,
operations were monitored for the presence and prb:5%; clean contaminated, 7.7%; contaminated, 15.2%;
gress of wound infectiohStepwise multiple logistic and dirty 409¢.Culver et &l modified the SENIC risk
regression techniques identified four independeimdex in 1991, but wound classification was the only
risk factors: (1) procedures lasting more than 2 hounssk factor that was unchanged from the original index.
(2) wound contamination; (3) three or more diagnos&zaribaldi et &l also found surgical wound class (by
at the time of discharge (excluding those related &iepwise logistic regression analysis) to be predictive
surgical wound infections and their complications)pf wound infection.
and (4) abdominal operatioisThe SENIC risk
index—an assessment index that takes these fdMound contamination
factors into account—was replaced by the American
Society of Anesthesiologists (ASA) preoperativéVound contamination, as shown by intra-operative
assessment score, which was validated in a largelture, is associated with later wound infection.
study involving 44 hospitals from 1987 to 1990.Whyte et a° showed that during cholecystectomy,
The wound infection rate among patients in ASAhe number and species of bacteria cultured from
class | or Il was 1.9%, whereas among patients bile are predictive of wound contamination and later
class Ill to V was 4.3%.Garibaldi et & have since wound infection. Garibaldi et @found that 30 or
confirmed the independent predictive power of thenore colony-forming units (CFU) of bacteria cultured
ASA score in a prospective study of 1852 surgicdiom a wound are predictive of wound infection,
patients in which the odds ratio of having a wountegardless of wound class. In addition, a prospective
infection for ASA class Ill to V patients comparedstudy of 190 colorectal surgery patients has shown
with Class | or Il patients was 4.2. There are newehat a concentration of 5 CFU per millilitre or higher
more comprehensive measures of classifying patieoft bacteria in the peritoneal fluid are predictive of
physiological status, such as the Acute Physiologwound infection; infection rates without and with
Assessment and Chronic Health Evaluation (APACHEpntamination were 6.4% and 1.2%, respectively.
Il or lll. Whether these measures give a more precise
prediction of risk remains to be proven. Reducing the occurrence of wound infection

Duration of the operative procedure The judicious use of antibiotics and the use of an
organised system of wound surveillance are the most
The risk of wound infection has repeatedly beeeffective means to reduce the wound infection ¥ate.
shown to be proportional to the duration of thdissue level factors such as micro-environment and
operative procedure. Cruse and Fd@érbund that the presence of white cells and cellular products are
the rate of wound infection increased for longeimportant elements of the local immune response;
procedures, roughly doubling with every hour othus, their manipulation may be useful in planning
the procedure. Operations lasting 1 hour or less hagdund management strategies. Other procedures such
a wound infection rate of 1.3%, whereas those lasti®g preoperative hair removal, use of adhesive drapes,
3 hours or more had a rate close to 4’8%aley etal  and wound irrigation are of small benefit only.
showed by using multivariate analysis that an opera-
tive time of more than 2 hours is the second greateéstibiotic prophylaxis
independent predictor of risk (wound contaminaBurke® demonstrated the importance of the timely use
tion being the first). And by using a different indexpf prophylactic antibiotics in surgery. Antibiotic pro-
Culver et d@found operativdime to be one of three phylaxis can decrease postoperative morbidity, shorten
variables—along with wound class and ASA class-hkospital stay, and reduce overall costs attributable to
that independently predict infection. infection?

Wound classification Choice of antibiotics

The wound classification scheme devised by the
The wound classification scheme proposed by theational Research Council serves as the basis for
National Research Council continues to be usefutecommending antibiotic prophylaXighe least toxic
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and most effective antibiotic regimen should be chosdbosage of antibiotic
Excellent guidelines regarding the selection and u3ée dose of prophylactic antibiotics should not be
of prophylactic antibiotics to treat surgical woundsmaller than the standard therapeutic dose of the

have been publishéd?*® drug. A single prophylactic dose is effective and
preferred to multiple dosésConsequently, treatment
Clean wounds consists of a single dose given preoperatively and a

Wounds in which the risk of infection is less tharcertain number of postoperative doses for 24 hours to
2%, generally do not require antibiotic prophylaxisa few days. The definition of ‘single dose’ prophylaxis
Common exceptions are procedures in which infectioncludes the administration of a second dose during
would be disastrous—for example, prosthesis placsurgery if the procedure lasts more than 2 to 3 hours
ments, central nervous system operations, or cardaed the plasma half-life of the drug is shérthe
procedures that use cardiopulmonary bypass. A firsingle dose approach has the advantage of low cost,
generation cephalosporin, such as cefazolin, is coless toxicity, and less chance of developing antibiotic
monly used; if the patient is allergic to penicillinresistance.
vancomycin is a good alternative.

Limiting the use of antibiotic prophylaxis to the
Clean contaminated wounds intra-operative period is one of the most significant
Antibiotic prophylaxis to treat clean contaminateadthanges in preventing infection and is dramatically
wounds reduces the risk of infection from 30% tdifferent from the previously recommended 24- to 48-
10%2 Head and neck, thoracic, biliary, gastroduodenhbur coveragé’ Single-dose prophylaxis is effective
and genito-urinary procedures should receive appnor most surgical procedures, although its use during
priate antibiotics (ie cefazolin or cefuroxime). Patientsardiac operations remains debatable. Additional,
undergoing colorectal operations should receiverolonged antibiotic prophylaxis while lines, tubes, and
mechanical bowel preparation and oral antibiotiosatheters are in situ is not necessary.
(eg neomycin or erythromycin). Most surgeons add a

parenteral antibiotic (eg cefoxitin). The use of antibiotic prophylaxis is not a substitute
for good infection control practices, proper patient
Contaminated, infected, or dirty wounds preparation, good judgement, good technique, or an

Wounds that are known to be or expected to be infectadequate operating environment. Inappropriate and
or dirty, such as a ruptured viscus or traumatic wounishdiscriminate use of prophylactic antibiotics may
should be treated with preoperative antibiotics, whidncrease costs through unnecessary drug use, requisite
are usually continued in the postoperative period &boratory monitoring, and the emergence of resistant
active treatment. Both gram-negative aerobic amfganisms. The potential toxicity of antibiotics is
anaerobic organisms causing the contamination nealdo an important risk of antibiotic prophylaxis.

to be eliminated. Cefoxitin or cefuroxime, in combi-

nation with metronidazole are usually used. The risk/ound surveillance

of infection is reduced from >60% to less than 40%he rigorous surveillance and reporting of wound

by antibiotic prophylaxis. infection rates have been advocated as the best way
to decrease wound infection rates. In a prospective
Route and time of administration study performed over a 10-year period, the clean

For most surgical procedures, a single bolus of intravound infection rate was reduced from 2.6% to (86%.
venous antibiotic at the time of induction of anaesthegizondon et &t studied 8227 wounds from 1976 to 1981
is considered adequdfeThis dose enables a highand also noted a reduction in the clean wound infection
plasma and tissue concentration to be attained rapidigte—from 3.5% to less than 1.0%. And close obser-
The rate of infection increases if prophylactic antivation of 40 915 wounds over a 10-year period showed
biotics are given more than 2 hours preoperativelihat the wound infection rate in each study year
or postoperatively. Oral and intramuscular routes ofranged from 1.8% to 2.8% and was significantly less
administration produce a lower peak plasma levahan the infection rate of 4.2% in the index yéamn

For colorectal operations, both intravenous and ordilis study, the introduction of an aggressive surveil-
routes of prophylaxis administration are necessafgnce programme led to a large saving in in-patient
In certain orthopaedic procedures, local antibioticservice costs over 9 years; the overall wound infection
are used—for example, bone cement that is impregte subsequently decreased from 4.2% to 225%.
nated with gentamicin is used in joint prosthesis

implantationg® A prospective study of 1483 patients aged from 10
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to 92 years compared two measures of patient rifkeferences

for nosocomial infection—the SENIC index and

NNIS (National Npsocomial Infection SL_JrV(.ei'IIance)l_ Haley RW, Schaberg DR, Crossley KB, Von Alimen SD,

index. The NNIS index had a better reliability than McGowan JE Jr. Extra charges and prolongation of stay
the SENIC index for discriminating and predicting attributable to nosocomial infections: a prospective

the risk of surgical site infecticA. interhospital comparison. Am J Med 1981,70:51-8.
2. Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG.

. . . CDC definitions of nosocomial surgical site infections, 1992:
The Surgical Wound Infection Task Force in the a modification of CDC definitions of surgical wound infections.

United States published a series of guidelines for am jinfect Control 1992:20:271-4.

wound surveillance in 1992. The following are some. Sawyer RG, Pruett TL. Wound infections. Surg Clin North
of the recommendatioffs Am 1994;74:519-36.

(1) The definitions of the Centers for Disease Contrdt Haley RW, Culver DH, Morgan WM, White JW, Emori TG,

. . . . Hooton TM. Identifying patients at high risk of surgical wound
and Prevention regarding wound infection should infection. A simple multivariate index of patient susceptibility

be adopted without modification; and wound contamination. Am J Epidemiol 1985:121:206-15.
(2) Either direct observational or traditional infectiors. Culver DH, Horan TC, Gaynes RP et al. Surgical wound

control surveillance techniques are acceptable for infection rates by wound class, operative procedure, and patient

case finding of wound infections; risk index. National Nosocomial Infections Surveillance

_ e ; ; System. Am J Med 1991;19(Suppl 3B):125S-157S.
(3) Surgeon-specific wound infection rates shoul Garibaldi RA, Cushing D, Lerer T. Risk factors for post-

be calculated and reported to individual surgeons ;o aive infection. Am J Med 1991:91(Suppl 38): 1585-163S.
and the chairman of surgery. The report must be cruse PJ, Foord R. A five-year prospective study of 23,649
kept coded and confidential and stratified by risk; surgical wounds. Arch Surg 1973;107:206-10.

(4) Studies are needed to determine whether woufid Cruse PJ, Foord R. The epidemiology of wound infection: a
infections following ‘out-patient’ and ‘minor’ 10-year prospective study of 62,939 wounds. Surg Clin North

surgical procedures have similar importance tg 4™ 1980:60:27-40. . _

. . . . 9 National Academy of Sciences, National Research Council,
infections that develop after In-patient procedures; Division of Medical Sciences, Ad Hoc Committee on Trauma.

(5) Surgical procedures should be classified according postoperative wound infections: the influence of ultraviolet
to surgical wound class and a measure of patient irradiation on the operating room and of various other factors.
susceptibility to infection, such as the ASA score Ann Surg 1964;2:1. _
or duration of operation; 10. Whyte W, Hambraeus A, Laurell G, Hoborn J. The relative

6) Th ical dcl iteri dtob importance of routes and sources of wound contamination
(6) € surgical wound class criteria need to be more during general surgery. . Non-airborne. J Hosp Infect 1991;

accurately defined and standardised; and 18:93-107.
(7) Post-discharge surveillance for wound infection is1. Claesson BE, Holmlund DE. Predictors of intraoperative
important and should be done. Santos %tirala bacterial contamination and postoperative infection in elective

6-month prospective surveillance reported that the colorectal surgery. J Hosp Infect 1988;11:127-35. =
12. Olson MM, Lee JT Jr. Continuous, 10 year wound infection

.. o . .. .
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Photographs for Pictorial Medicine

We invite readers to submit clinical photographs for publication in the Pictorial
Medicine section in future issues of the Hong Kong Medical Journal . These
should be clear photographs (please send two sets, preferably in colour) from
interesting, informative, or unusual cases, accompanied by one or two paragraphs
of summary case detail. In addition, a brief background and relevant references
should be included. Submissions must include signed consent to publication from
the patient, and may be edited as appropriate. The Journal will apply appropriate
eye masking when required.

Please forward Pictorial Medicine contributions, and address requests for patient
consent forms to the Managing Editor, Hong Kong Medical Journal, 10th Floor,
99 Wong Chuk Hang Road, Aberdeen, Hong Kong, China; Fax: (852) 2505 5577/
3149; Tel: (852) 2871 8822/8888.
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