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Infection after abdominal surgery: five year prospective
study

Z H KRUKOWSKI, M P M STEWART, H M ALSAYER, N A MATHESON

Abstract

A total of 1504 consecutive abdominal operations were
studied prospectively over a five year period. The inci-
dence of wound (2-8%) and intraperitoneal (0 8%)
infections was low compared with contemporary reports.
It is difficult to justify modifying existing practice on
the basis of small controlled clinical trials when infor-
mation from accurate audit discloses results superior to
those of experimental studies.

Introduction

The large amount of recent work that has gone into attempts to
reduce septic complications after abdominal surgery has con-
centrated on choice of dose regimen for the appropriate agents
and with few exceptions has not taken other technical factors
into account. Antibiotics and antiseptics have had variable but
always positive effects in reducing wound infection. In some
instances, however, particularly in colonic surgery and per-
forated appendicitis, though the reduction has been real, a
troublesome incidence of both wound and residual intra-
abdominal abscess persists. During the past .10 years we have

used a consistent combination of surgical techniques to minimise
contamination supplemented in its presence by tetracycline
lavage of the wound and peritoneal cavity. The volume of
lavage fluid used has varied with the degree of operative con-
tamination from 0 5 to 7-0 litres; the measures taken to minimise
operative contamination are detailed elsewhere.' This paper
presents a prospective audit of wound and peritoneal infection
during a consecutive five year period.

Present study

DEFINITIONS

Wound infection refers to the discharge of pus or of a serous or
sanguineous discharge that grew a pathogenic organism. All patients
who at tollow up reported a discharge from their wound were con-
sidered to have had an infected wound. Wound healing was assessed
by several different observers during the five years. It was usual for
two people (not necessarily those performing the original operation)
to determine the presence or absence of wound infection.

Intraperitoneal abscess was recorded when pus was drained, as-
pirated, or discharged from the peritoneal cavity or there was radio-
logical, ultrasonic, or necropsy evidence ofan intraperitoneal collection.

Operative contamination was classified as follows, based on the
American National Research Council criteria2: clean-no infection
encountered, no hollow abdominal viscus opened; clean/contaminated
-hollow abdominal viscus opened with minimal spillage of contents;
contaminated-inflammation without pus formation, viscus opened
with gross spillage of contents; dirty-pus encountered or perforated
viscus found.
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PATIENTS AND METHOD OF DATA COLLECTION

From January 1977 to December 1981 all patients under the care
of NAM and undergoing an abdominal operation were included.
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Information about the patients was recorded on standard forms on
completion of the operation, on discharge from or death in hospital,
and at follow up four to six weeks after discharge. Some patients
failed to attend or were not asked to attend for review because of
advanced malignant disease, departure from the region, or after a
minor procedure when review would have necessitated an unjustifiable
journey. These exceptions were followed up by post either through
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without subcutaneous sutures and invariable primary skin closure.
Intestinal anastomoses were made with a single layer of interrupted
braided nylon.a Circular stapling devices became available during
the study period but were used in only five of 82 colorectal and
coloanal anastomoses and three oesophagojejunal anastomoses. Small
bore suction drains were used to drain the peritoneal cavity only
after pancreatic or biliary surgery or mobilisation of the rectum.

TABLE I-Incidence of abdominal surgical wounds complicated by infection and intraperitoneal abscesses in 1504 consecutive operations
classified by degree of contamination

Elective operations Emergency operations All operations Intraperitoneal abscesses

Infected Infected Infected
Total Total Total No °

No ° No "W) No %
Clean 293 12 4-1 77 1 1-3 370 13 3-5 0 0
Clean/contaminated 409 7 1-7 141 1 0-7 550 8 1-5 1 0-2
Contaminated 267 5 1-9 130 1 0-8 397 6 1-5 3 0-8
Dirty 16 1 6-3 171 14 8-2 187 15 8-0 8 4-3

Total 985 25 2-5 519 17 3-3 1504 42 2-8 12 0-8

TABLE II-Incidence of wound infections by operative procedure*

Elective operations Emergency operations All operations

Infected Infected Infected
Total Total Total

No % No 0 No

Gastro-oesophageal 244 11 4-5 69 2 2-9 313 13 4-2
Small bowel 28 2 7-1 56t 3 5-4 84 5 6-0
Appendix 17 0 0-0 231 6 2-6 248 6 2-4
Perforated appendix 59 5 8-5
Colorectal 167 3 1-8 60 4 6-7 227 7 3-1
Pancreaticobiliary 360 6 1-7 34 1 2-9 394 7 1-8

Cholecystectomy alone 198 1 0-5 23 0 0 221 1 0-5
Exploration of common bile duct 93 3 3-2 3 0 0 96 3 3 1

Other 225 5 2-2 99 2 2-0 324 7 2-2

*Column totals exceed 1504 and 42 wound infections; some patients who had two or more operative procedures-for example,
highly selective vagotomy and cholecystectomy-feature more than once.
tlncludes 16 simple sutures of perforated duodenal ulcer.

TABLE III-Incidence of wound infections and rank of operator analysed by degree of operative contamination

Senior house officer Registrar Senior registrar Consultant

Infected Infected Infected Infected
Total Total Total Total

No 0 No % No No 0O

Clean 26 1 3-8 10 0 0 192 5 2-6 142 7 4-9
Clean/contaminated 56 0 0 11 0 0 280 3 1-1 203 5 2-5
Contaminated 46 0 0 8 1 12-5 143 0 0 200 5 2-5
Dirty 28 3 10-7 11 1 9-1 112 7 6-3 36 4 11-1

Total 156 4 2-6 40 2 5-0 727 15 2-1 581 21 3-6

the general practitioner or directly to the patient. Follow up was
97 80' complete.
The information was subsequently transferred to magnetic discs

and analysed by a Honeywell 66/80 computer using the statistical
package for the social sciences.

SURGICAL MANAGEMENT

A standard surgical policy was followed throughout. Bowel pre-
paration for elective left sided colonic resection was by whole gut
irrigation with 20 litres of solution containing 128 g NaCl, 15 g KCI,
and 60 g NaHCO,, and also 20 g neomycin and 16 g metronidazole.
No untoward fluid retention or electrolyte disturbance attributable
to whole gut irrigation was obseived. Bowel washouts and oral
metronidazole the day before operation were used for resection of the
right colon. The skin was shaved after induction of anaesthesia and
prepared with 055% chlorhexidine in 70°h alcohol. All laparotomies
were performed through a vertical midline incision. A midline
incision was also used if a diagnosis of perforated appendicitis with
generalised peritonitis had been made preoperatively. Wound towels
were used routinely supplemented with a plastic ring drape when a
hollow viscus was opened, except in uncomplicated cholecystectomy.
Incisions were closed with a continuous mass non-absorbable suture

MANAGEMENT OF CONTAMINATION

In emergency surgery elimination of the source of peritoneal
infection including primary resection of colonic lesions was a rule.
Left sided colonic anastomosis was avoided as an emergency pro-
cedure in unprepared bowel except for four cases late in the series,
in which an immediate anastomosis was made after "on table"
colonic irrigation. Adequate mechanical preparation was obtained in
all the elective cases. All potential or actual peritoneal and parietal
contamination was managed with tetracycline lavage (1 g/l 0 9%
saline) of the wound and peritoneal cavity together with a single
prophylactic preoperative dose of 500 mg tetracycline given intra-
venously. Therapeutic antibiotics for peritoneal infection extant at
the time of operation were given on an individual basis either as
intravenous tetracycline or as a combination of antibiotics including
metronidazole for three to seven days.

Results

The audit included all abdominal operations. Between January 1977
and December 1981, 1504 abdominal operations (985 elective and
519 emergency) were performed. Forty patients died in hospital. A
total of 42 wound infections occurred (2 8%), of which 20 were ap-
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parent before discharge from hospital and 22 were detected at follow
up. Twelve patients developed postoperative intraperitoneal ab-
scesses (0 8°%). Table I shows the relation of wound infections and
intraperitoneal abscesses to operative contamination. The overall
incidence of infection was 2 5°h for elective and 3 3%' for emergency
procedures.

Table II lists the rates of wound infection in relation to the type
of operative procedure. There was an unexpectedly high incidence
of wound infection in the "clean" group of elective gastric operations,
attributable to five staphylococcal infections in the 36 highly selective
vagotomies performed in 1981. The overall incidence of wound
infection in 248 appendicectomies was 2-4%. When the appendix
was gangrenous, perforated, or associated with local pus the incidence
was 8 5%'. There was one wound infection in 221 cholecystectomies
(0 5%' ) and three wound infections in 96 explorations of the
common bile duct (3 1 0). Three wound infections occurred after
167 elective colorectal operations (1-8%), and the overall incidence in
227 such procedures was 31 %. The rank of the operator did not
materially influence the rate of wound infection (table III).

Seventy six patients received therapeutic antibiotics perioperatively
and in 38 this was for peritoneal infection. In 15 cases tetracycline
alone was used, and in 23 cases metronidazole alone or in combination
with other antibiotics was used. Seven wound infections (9-2%)
developed in these 76 cases.

Discussion

These results were derived from a busy surgical practice
that may be regarded as representative of that likely to be
found in any district general hospital. With the possible excep-
tion of operations on the stomach and duodenum (which were
complicated by a minor staphylococcal epidemic of five cases)
the results were considerably better than those commonly
published, though comparable rates have been quoted for some
groups of operations in North America (table IV).5-25
During the past several years efforts to reduce the incidence

of wound infection have concentrated on prophylaxis with
antibiotics but wound infection rates may nevertheless remain
high, especially in elective colonic surgery (table IV). In
"contaminated" and "dirty" emergency operations on the large

bowel and appendix, where antibiotic usage may be more
correctly termed therapeutic, wound infection rates of up to
40/ persist.s 15 16

Because our results have been achieved by a package of
techniques we cannot say which factor or factors are responsible.
The differences between our results and those reported with
conventional antibiotic use become more pronounced with
increasing degrees of contamination, supporting our belief that
routine use of tetracycline lavage is an important component
of our regimen. The incidence of 8 5% in gangrenous and
perforated appendicitis was identical with that reported by us in
children with generalised peritonitis treated in the same way.26
That in only four (76o0,) of 53 "contaminated" and "dirty"
emergency colorectal procedures did the wound become
infected is strong supportive evidence that tetracycline lavage
is particularly effective in emergency cases with peritoneal and
parietal contamination. The incidence of residual or recrudescent
intraperitoneal infection of 11 (1 9% ) in 584 "contaminated"
and "dirty" cases compared with that of 10-20%, commonly
reported is further evidence to support the use of tetracycline
lavage. 7-29

Tetracycline lavage was introduced in 1964 when the choice
of a broad spectrum antibiotic for topical use was limited, and
its association with the results obtained has supported an
argument for no change. The greatly increased activity of
tetracycline against both anaerobic and aerobic bacteria at the
high concentration used in lavage is well documented30 and has
recently been confirmed in isolates from generalised peritonitis
in patients in Aberdeen.'0
Though clinical trials are methods of assessing new pro-

cedures, accurate information about current results produced
by a team provide the logical basis on which to modify or not
the practice of that team. If the results are a consistent im-
provement on those obtained by clinical trials then the latter
are no longer a basis for decision making. Finally, it is almost
certain, although difficult to document, that the accurate and
obsessional collation of data is a continued spur to a high
standard of performance."

We are grateful to Aberdeen University Computer Centre for
providing computing facilities.

TABLE IV-Contemporary experience with wound infection in gastrointestinal
surgery

Percentage incidence of
wound infection

First Year Type of No of
author operation patients Antibiotics Antibiotics

not used used

Gastric
Stone' 1976 Elective 72 22 4
Gatehouse' 1978 Elective 73 33 *
Hares' 1981 "High risk" 81 35 6
Easewood' 1982 f"sLHigh risk" 46 2 13Eastwoo' 1982 "Low risk" 34 29*
Strachan9 1982 Emergency 98 * 4/27t

Biliary
Stone' 1976 Elective 98 11 2
Strachan" 1977 Elective 201 17 5
Morran" 1978 Elective 95 21 4
Gallagher" 1982 Elective 111 13 8
MacFarlane" 1982 Elective 116 13 *
Keighley14 1982 Emergency 17 41 *

Appendix
Bates", 19 perforated 170 25 20Bates"s 1980 29perforated 29 4235

Foster"' 1981 fall 375 29 171 perforated 81 70 44
Brennan"7 1982 Perforated 71 * 74+

Colorectal
Stone' 1976 Elective 149 16 6
Matheson" 1978 Elective 120 42 18
Eykyn" 1979 Elective 83 64 30t
Aeberhard" 1979 Elective 52 * 11/16t
Keighley" 1979 Elective 93 * 7/37t
Hughes22 1979 Elective 1590 38 15
Dion"2 1980 Elective 78 * 3/8t
Morris2' 1982 Elective 96 * 24/28t
BeggS2a 1982 Elective 97 * 10/13t
Strachan9 1982 Emergency 87 * 45/54t

'Not included.
tResults from comparative trial of two antibiotic regimens.
$Pathogenic bacteria grown in unsutured wounds.
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