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Objective
A prospective, randomized, double-blind, placebo-controlled multicenter trial was
undertaken in 205 patients treated with total gastrectomy for gastric malignancies to
evaluate whether local antimicrobial measures reduce the incidence of esophagojejunal
anastomotic leakage.

Summary Background Data
Anastomotic leakage of the esophagojejunostomy is always a septic complication of total
gastrectomy for gastric malignancies, but it never has been attempted to prevent this
complication with the administration of topical antimicrobial agents during the critical phase
of anastomotic wound healing.

Methods
To evaluate the efficacy and safety of topical decontamination, the study was carried out as
a prospective, randomized, double-blind and placebo-controlled clinical multicenter trial in
patients with total gastrectomy for gastric cancer. Patients received either placebo or
decontamination with polymyxin B (100 mg), tobramycin (80 mg), vancomycin (125 mg),
and amphotericin B (500 mg) four times per day orally from the day before the operation
until the seventh postoperative day. All patients received a perioperative intravenous
prophylaxis with cefotaxime 2 x 2 g. Other interventions, including the administration of
antibiotics and fluids, were not affected by the study protocol.
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Results
Of 260 patients who were randomized, total gastrectomy was not carried out in 55
patients. They dropped out of the study. Patients receiving an esophagojejunostomy were
observed until day 42, when they were discharged from the clinic or died. An intention-to-
treat analysis of the data was carried out. Among the 103 recipients of placebo, there were
1 1 (10.6%) with an anastomotic leakage of the esophagojejunostomy, and among the 102
recipients of decontamination, there were 3 (2.9%) with an anastomotic leakage of the
esophagojejunostomy (p = 0.0492). Pulmonary infections were observed in 23 patients
(22.3%) receiving placebo and in 9 patients (8.8%) who were decontaminated (p = 0.02).
There were 1 1 deaths (10.6%) among the recipients of placebo and 5 deaths (4.9%)
among the recipients of decontamination (p = 0.1).

Conclusions
Decontamination with polymyxin, tobramycin, vancomycin, and amphotericin B during
anastomotic wound healing is safe and effective in the prevention of esophagojejunal
anastomotic leakage after total gastrectomy.

Leakage at the esophageal-intestinal anastomosis is a
frequent and most serious complication after total gastrec-
tomy for gastric malignancies. The reported incidences
in recent European prospective multicenter trials vary be-
tween 7.2% and 12.3%.1 2 The rate of this complication
seems to be influenced by the localization and extent of
the tumor disease, the extent of the surgical resection,
and the experience of the surgeon." 2 Despite surgical rein-
terventions, the use of potent antibiotics, and intensive
supportive care, the mortality among patients with anasto-
motic insufficiency may be as high as 45%.3

Poor surgical technique either leaving gaps or im-
pairing blood supply to the anastomosis, resulting in ne-
crosis at the suture line, as well as foreign body reaction
to suture material generally are accepted reasons for anas-
tomotic leakage.4` The consequences of anastomotic in-
sufficiency, however, are septic in nature. Exogenous or
endogenous potentially pathogenic micro-organisms col-
onizing the digestive tract therefore also may play a caus-
ative role in the pathogenesis in addition to microcircula-
tory or other disturbances.
By topical application of nonresorbable bactericidal an-

tibiotics,78 the colonizing microflora of the oropharynx
and upper gastrointestinal tract can be manipulated easily.
It has been shown in an experimental study that bacteria
are one of the major pathogenic factors for anastomotic
insufficiency after gastrectomy in the rat, by using delib-
erate colonization with pathogenic bacteria or topical de-
contamination with tobramycin, polymycin B, and vanco-
mycin.9 By reducing colonizing bacteria in the upper ali-
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mentary tract, anastomotic leakage of esophagointestinal
anastomoses virtually could be eliminated.
With the exception of vancomycin, the topical nonab-

sorbable antibiotics tobramycin, polymyxin B, the anti-
mycotic agent amphotericin B, and the intravenously ad-
ministered cefotaxime used in the trial were the sub-
stances applied by Stoutenbeek et al.7 for infection
prevention to patients in intensive care units. At that time,
the concept of decontamination represented a profound
shift in traditional infection control policy based on the
restricted use of narrow-spectrum antibiotics only if infec-
tion, not colonization, occurred.10 Vancomycin was added
to the topical antibiotic cocktail to prevent infection of
the suture line with colonizing Staphylococcus aureus as
well as to prevent mixed infection with anaerobes and
aerobes with an ability to cause abscess formation, as
described by Onderdonk et al."
To determine the efficacy of decontamination with to-

bramycin, polymyxin B, vancomycin, and amphotericin
B in reducing the leakage rate of esophagointestinal anas-
tomoses, we conducted a prospective, multicenter, ran-
domized, double-blind, placebo-controlled clinical trial in
patients undergoing total gastrectomy for gastric malig-
nancy.

METHODS

The efficacy and safety of decontamination with tobra-
mycin, polymyxin B, vancomycin, and amphotericin B
was assessed in a double-blind fashion and analyzed ac-
cording to a prospectively developed plan that used defi-
nitions adopted before the treatment allocation code was
broken. The analysis focused only on the patients with
an esophagointestinal anastomosis after total gastrectomy
for gastric malignancy.
An independent coordinating center (Department of
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Medical Informatics, Biometry und Epidemiology, Lud-
wig-Maximilians-University, Munich, Germany) was re-
sponsible for creating the treatment allocation code for
each site, auditing the data for consistency and accuracy,
and conducting the interim analysis. Before the trial was
started, the study medication for 260 patients (treatment,
n = 130; placebo, n = 130) was packaged into vials
and labeled according to the treatment allocation code.
(Antibiotics and corresponding placebo were prepared by
Dragenopharm and amphotericin B as well as correspond-
ing placebo by Bristol-Myers Squibb, Muinchen, Ger-
many). After the medication was distributed to the study
centers, the trial began. It ended after the study medication
had been used up. The coordinating center appointed a
Safety and Efficacy Monitoring Committee to oversee
the trial, which was undertaken at six academic surgical
centers in Germany. The protocol was approved by the
Institutional Review Board of the Ludwig-Maximilians-
University, Munich, and informed consent was obtained
from all participants according to the principles of each
institution.

Patient Selection

On the day before surgery, patients with a malignant
tumor of the stomach who were to be treated with total
gastrectomy and subsequent esophagointestinal anasto-
mosis were enrolled in this clinical trial by their surgeon

and assigned randomly to receive decontamination or pla-
cebo. The indication for total gastrectomy was seen for
large lymphomas and sarcomas, as well as for all carcino-
mas of the stomach, with the exception of the small intes-
tinal-type lesions in the distal one third.

Patients were not eligible for the trial if they were

younger than 18 years of age, mentally immature, or if
there were expected adverse reactions to the study medi-
cation, such as allergies.

Patients automatically dropped out of the study with
discontinuation of study medication if total gastrectomy
and esophagointestinal anastomosis were not carried out
intraoperatively. Patients with secondary withdrawal of
consent before the end of the 4th postoperative day or

the 21 st dosage of study medication remained in the study
for the intention to treat analysis.

Treatment

Patients enrolled in the trial were assigned randomly
to receive preoperative, intraoperative, and postoperative
oral placebo or polymyxin B (100 mg), tobramycin (80
mg), vancomycin (125 mg), and amphotericin B (500
mg). The contents of each vial with antibiotics or placebo
were diluted to a final volume of 20 mL. Amphotericin
B and corresponding placebo were present in liquid form.

Study medication was administered four times per day at
6-hour intervals. Each patient was to receive 31 individual
dosages. The first dosage was applied at 6 P.M. on the day
before surgery. In none of the patients was oral medica-
tion continued beyond the seventh postoperative day. All
patients received two intravenous infusions of cefotaxime,
the first one during the induction of anesthesia and the
second one before closure of the abdomen.

Nasointestinal tubes were used in all patients periopera-
tively. Although the time for removal of the nasointestinal
tubes was not dictated by the study protocol, it was stan-
dard practice in five of the six participating centers to
choose the earliest possible time, preferably the first post-
operative day. The remaining center routinely removed
them on the fifth postoperative day.

Decisions regarding the use of antibiotics, intravenous
fluids, cardiovascular and respiratory support, and surgi-
cal or other interventions were made by each patient's
attending surgeon and were not dictated by the study
protocol.

Patient Evaluations
Patients were observed for 42 days. Patients not having

left the hospital by day 42 or having been readmitted
before the 42nd postoperative day were observed until
discharge or death. All patients were controlled by inde-
pendent radiologists not involved in the study for anasto-
motic insufficiency of the esophagointestinal anastomo-
sis. A Gastrografin swallow (Schering, Berlin, Germany)
was carried out when esophagointestinal leakage was sus-
pected or routinely on the seventh postoperative day. If
postoperative complications rendered the patient unable
to cooperate, a bedside test with Gastrografin or indigo
carmine blue in the intensive care unit, endoscopic proof
with radiologic Gastrografin documentation, or an intra-
operative test with indigo carmine blue was carried out
during emergency operation to detect or exclude esopha-
gointestinal leakage.

Routine hematologic, clinical chemistry and bacterio-
logic tests were not dictated by the study protocol. Forty-
two patients had daily bacteriologic examinations of oro-
pharynx.

Definitions and Criteria
In the study, the terms "anastomotic insufficiency"

or "anastomotic leakage" were defined as a complete
intestinal wall defect at the anastomotic suture line de-
tected with radiologic contrast medium study or positive
color test. Pulmonary infections were assumed if four
of the five following criteria were fulfilled: 1) clinical
auscultation positive for rales, 2) signs of lung infiltration
on chest x-ray, 3) positive bacteriology, 4) body tempera-
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Table 1. DEMOGRAPHIC
CHARACTERISTICS OF THE PATIENTS

WITH ESOPHAGOINTESTINAL
ANASTOMOSES

Study Group*

Placebo Decontamination
Characteristics (n= 103) (n= 102)

Age (yrs) 62.6 11.9t 63.7 11.4t
Sex (% male) 57.3 58.8
Karnofsky score on

admission 82.9 ± 7t 83.7 ± 7.5t
Coronary heart disease 21 24
Cardiac insufficiency 20 20
Arrhythmia 9 8
Hypertension 25 30
Pulmonary disease 15 13
Renal insufficiency 0 2
Liver disease 1 2
CNS disease 5 3
Diabetes 8 7
Miscellaneous 9 16

CNS = central nervous system.
* Differences between study groups were not significant.
t Values are ± standard deviation.

ture above 38.5 C, and 5) leukocytosis > 104 or < 5 x
103.

Statistical Analysis
The sample was calculated to detect a 70% reduction

in anastomotic insufficiency rate of the esophagointestinal
anastomoses at the end of the study. For the calculation,
we assumed a leakage rate of 10% for the placebo group,
an alpha error of 0.05, and a beta error of 0.2 to 0.3.
Two interim analyses were conducted by the coordinating
center.

Groups were compared by Pearson's chi square test
with Yates correction, Fisher's exact test, t test, or the
Mann-Whitney U test. All tests for significance were
two-tailed. A p value < 0.05 was considered significant.

RESULTS
Two hundred sixty patients were randomized during a

31-month period (August 1991-March 1994). In 55 cases
(21.1%), total gastrectomy had not been carried out, so
that these patients did not receive an esophagointestinal
anastomosis and could not be evaluated. They dropped
out of the study immediately, and study medication was
discontinued. The analysis of efficacy of oral decontami-
nation in this report is based on 205 patients with esopha-

Table 2. LOCALIZATION, STAGE, AND
TYPE OF TUMOR DISEASE

Study Group*

Placebo Decontamination
Characteristics (N = 103) (n = 102)

Tumor localization (N)
Cardia
Corpus
Antrum
Stump

Carcinoma stage
(UICC 1987) (N)
0
IA
IB
11
IIIA
IIIB
IV

Lymphoma
Sarcoma

32
41
25
5

11
19
21
22
16
9
6
1

25
51
22
4

17
11
27
21
15
8
1
0

UICC = Union International Contre le Cancer (International Union Against Can-
cer).
* Differences between study groups were not significant.

gointestinal anastomoses. Information was available on
all of them through day 42, with discharge coming after
the 42nd day or death.

Comparisons Between Study Groups

Among the patients with esophagointestinal anastomo-
ses, 102 received decontamination and 103 received pla-
cebo. In each group, there were 12 patients who discon-
tinued medication early during the postoperative course.
One additional female patient in the treatment group took
the medication only discontinuously, however, during the
entire postoperative period. Such behavior had not been
anticipated in the protocol, so that it was not possible to
sort her out on the basis of secondary withdrawal of con-
sent. The treatment and placebo groups were well bal-
anced with respect to demographic characteristics and
associated underlying diseases (Table 1). Although there
were more lymphomas and one sarcoma in the control
group, the differences were statistically not significant.
There were minor, statistically nonsignificant differences
between the groups for the tumor stages (International
Union Against Cancer [UICC] 198712) (Table 2), tumor
localizations (Table 3), surgical approaches (Table 4),
extension of the resections onto other organs, lymphade-
nectomies, duration of anesthesia, number of required
blood transfusions, reconstructions, and suture tech-
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Table 3. PERIOPERATIVE DATA

Study Group*

Placebo Decontamination
Parameter (N = 103) (N = 102)

Duration of anesthesia (min) 314.8 + 1 07t 301.6 ± 87.7t
Blood transfusions

(RBC; units) 1.8 + 1.9t 1.8 11.8t
Lymphadenectomy (N)

Ni 7 10
N2 85 83
N3 11 9

Additional organ resection (N)
Distal esophagus 15 15
Spleen 56 50
Tail of pancreas 5 11
Colon segment 3 3
Small bowel segment 1 1
Kidney 1 1
Liver segment 5 0
Gallbladder 8 6
Common bile duct 1 0
Miscellaneous 7 3

Compeletness of resection (N)
RO 90 90
Ri 3 6
R2 10 5

Reconstruction (N)
Roux-en-Y 101 101
Longmire 2 1

Suture technique (N)
Circular stapler (3 types) 72 72
Manual suture (3 techniques) 31 30

Surgeons (N) 43 43
Noncompliance 12 12

RBC = red blood cell (count).
* Differences between study groups were not significant.
t Values are ± standard deviation.

niques. There was no pouch construction carried out in
any patient. In patients of the placebo group, nasointesti-
nal tubes were removed after a mean of 2.87 (standard
deviation, 3.94) days and in recipients of decontamination
of 2.58 (standard deviation, 2.86) days after surgery.

There was no statistical difference between the groups.

The procedures were carried out by 43 surgeons in both
groups.

Efficacy of Oral Decontamination

Decontamination significantly reduced esophagointes-
tinal insufficiency rate by 7.7%. In 102 patients receiving
decontamination, esophagojejunal anastomotic insuffi-
ciency developed in 3 (2.9%), whereas among the 103
patients receiving placebo, 11 (10.6%) esophagojejunal

anastomotic insufficiencies were detected. The two-tailed
Fisher's exact test indicated that this difference was sig-
nificant (p = 0.0492; power = 0.7631).
Of the 11 patients with esophagojejunal anastomotic

insufficiency receiving placebo, peritonitis developed in
5 patients, who died with the signs of septic multiple
organ failure. A total of 35 surgical reinterventions, 1
puncture drainage, and 6 treatments with fibrin sealant
were carried out in an attempt to save this subgroup of
patients. The mean postoperative survival of these partici-
pants was 32.6 days (range, 13-63 days). All received
intensive care treatment and systemic broad-spectrum an-
tibiotics. The other six patients were treated successfully
with parenteral nutrition, local drainage, and antibiotic
therapy, and one was treated in addition with puncture
drainage. They were discharged after a mean postopera-
tive hospitalization of 28.5 days (range, 15-42 days).
Of the three patients with esophagojejunal anastomotic

insufficiencies receiving oral decontamination, one had a
merely radiologically detectable blind-ending fistula with-
out systemic signs of infection. This patient was dis-
charged after a prolonged observation period without any
specific therapy on the 21st postoperative day. The second
patient had discontinued the study medication on the third
postoperative day and an enterocutaneous fistula devel-
oped on postoperative day 8. He was discharged on the
41st postoperative day. The third patient had compliance
problems in the sense that the study medication was taken
during the entire observation period, however only dis-
continuously, so that on most days, fewer than four appli-
cations actually were received by the patient. An entero-
cutaneous fistula developed on day 7. The patient could be
discharged on postoperative day 39. Both insufficiencies
healed under drainage, parenteral nutrition, and antibiotic
therapy, and the latter, in addition, was treated with fibrin
sealant. There was no morbidity or mortality due to anas-
tomotic insufficiency in any patient who actually ingested
the decontamination orally from the day before surgery
until at least the end of the fifth postoperative day.

Pulmonary infections were observed in 23 (22.3%) pa-
tients of the placebo group and in 9 (8.8%) patients of
the decontaminated group. This difference was significant
(p = 0.0115 by two-tailed Fisher's exact test). There was
no influence of decontamination on the occurrence of
urinary tract infections, duodenal stump leakage, intra-
abdominal abscesses, and pancreatic fistulas (Table 4).
The total number of patients in whom complications de-
veloped was 46 (44.7%) among the recipients of placebo
and 31 (30.4%) among the recipients of decontamination.
The Yates-corrected chi square test indicated this differ-
ence to be significant (p = 0.0494).
The difference in mortality was not significant (p =

0.1000 by Fisher's exact test), although death occurred
in 11 (10.6%) patients from the placebo group and only
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Table 4. RESULTS (INTENTION-TO-TREAT ANALYSIS)

Study Group

Placebo Decontamination
Parameter (N = 103) (N = 102) p Value

Complications 3 (2.9%)
Esophagointestinal insufficiency 11 (10.6%) 0.0492
Pulmonary infection 23 (22.3%) 9 (8.8%) 0.0115
Urinary tract infection 8 (7.7%) 7 (6.8%) 1.0000
Duodenal insufficiency 1 (0.9%) 1 (0.9%) 1.0000
Abscess 4 (3.8%) 5 (4.9%) 1.0000
Pancreatic fistula 5 (4.8%) 5 (4.9%) 1.0000
Miscellaneous 9 (87.3%) 9 (88.2%) 1.0000
Total 46 (44.7%) 31 (30.4%) 0.0494
Mortality 11 (10.6%) 5(4.9%) 0.1000

Condition 75 ± 19*
Kamofsky score on day 42 68 ± 25* 0.0600

Therapeutic interventions 14 (13.7%)
Intensive care therapyt 26 (25.2%) 0.0518
Antibiotic therapy 41 (39.8%) 26 (25.4%) 0.0289
Surgical reintervention 10 (9.7%)t 5 (4.9%)§ 0.2833

Values are ± standard deviation.
t Patients with a postoperative intensive care unit stay of more than 4 days or emergency admission to the intensive care unit were included.
t 35 interventions.
§ 13 interventions.

5 (4.9%) from the decontaminated group. The condition Safety
of patients as evaluated by the Karnofsky index on the
42nd postoperative day, however, showed a trend in favor There were no serious adverse reactions in 130 patients
of patients receiving decontamination with 75 + 19 points given oral decontamination. One patient had postopera-
compared to patients receiving placebo 68 ± 25 points tive facial flushing and mild hypotension. After detailed
(p = 0.0600 by t test). examinations, an allergic or toxic reaction to the study
More patients in the placebo group required additional medication could be ruled out. The most common report

therapeutic interventions than in the decontaminated was directed against the poor taste of the orally applied
group. Antibiotic therapy showed the most pronounced medication. This also was the reason for 12 patients in
difference (Table 4). each group to withdraw consent before the conclusion of

Decontamination caused a reduction, but not a com- the 4th postoperative day.
plete elimination of potentially pathogenic bacteria and Discontinuation of oral decontaminating antimicrobial
yeast from the oropharynx (Table 5). The selection or drugs early in the postoperative course, during the initial
development of resistant strains was not increased under phase of anastomotic wound healing, proved disadvanta-
decontamination. geous. Among the recipients of decontamination, the sub-

Table 5. BACTERIOLOGIC SAMPLES FROM THE OROPHARYNX OF 40 PATIENTS

Study Group

Placebo Decontamination p Value

No. of patients 20 20
No. of samples 120 120
Gram-negative 26 9 0.0030
Staphylococcus aureus 40 9 0.0001
Candida and yeast 64 50 0.07
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group of 12 patients who withdrew consent and the 1

patient with compliance problems who only took the oral
medication discontinuously had a disproportionately high
complication rate. There were two anastomotic insuffi-
ciencies of the esophagojejunostomy, one duodenal stump
leakage causing death on postoperative day 180, one pul-
monary infection, and one death associated with postoper-
ative hemorrhage in the presence of thrombopenia. Dis-
continuation of placebo by 12 patients in the control group

did not lead to an increase in the rate of infectious compli-
cation. The complications involved one fatal anastomotic
leakage, two nonfatal pulmonary infections, one fatal pul-
monary infection, and one death of unknown cause on

postoperative day 5 after discontinuation of placebo medi-
cation on day 4.
A cost-benefit analysis, which will be published else-

where, showed a postoperative reduction in treatment cost
of 20% for the decontaminated group compared to that
of the control group. This effect was calculated despite
the fact that more patients in the control group died and
those who died did so earlier during the postoperative
course, which actually reduced the hospital costs for this
group.

DISCUSSION
The results of this clinical trial show that decontamina-

tion with polymyxin B, tobramycin, vancomycin, and am-
photericin B four times per day from the day before the
operation until the seventh postoperative day combined
with a perioperative systemic prophylaxis with cefotax-
ime reduces the rate of anastomotic insufficiencies sig-
nificantly in patients undergoing total gastrectomy for
gastric malignancy. Because of the simultaneous signifi-
cant reduction of pulmonary infections, the overall post-
operative complication rate after total gastrectomy of the
recipients of decontamination could be reduced signifi-
cantly.
The results of this clinical trial are similar to the results

of a previous animal experimental trial, proving bacteria
to be a major pathogenic factor for anastomotic insuffi-
ciency in the rat.9 The two studies provide convincing
evidence that nonresorbable bactericidal antibiotics di-
rected against potentially pathogenic bacteria, which may
colonize the upper alimentary tract, confer substantial
protection from anastomotic leakage.
A concurrent control group was essential in this trial

to show that the surgical standard in carrying out total
gastrectomy by the study centers involved is comparable
to that of other international centers. The results obtained
in our control group with respect to the rate of anastomotic
insufficiency after total gastrectomy, overall complication
rate, and mortality after total gastrectomy and N2
(UICC)'2 lymph node dissection are similar to the results

obtained in recent European multicenter studies. In the
Dutch trial, the leakage rate was 9%, the overall complica-
tion rate was 42%, and the mortality rate was 11.1%.' In
the German trial, the leakage rate in R012 patients who
were resected varied between 7.2% and 12.7% for total
gastrectomies and extended total gastrectomies, respec-
tively, the overall complication rate was 37.8%, and the
90-day mortality was 1 1%.2,3 These figures compare well
with those of the control group in our study of 10.6%
anastomotic insufficiencies, 44.7% overall complication
rate, and 10.6% mortality. Although better clinical results
have been reported in the literature, they could not be
confirmed by multicenter studies. We decided that the
trial of most value would be one that determined whether
adding decontamination to conventional therapy would
improve the anastomotic insufficiency rate.

It might be viewed critically that for the fashioning of
esophagojejunostomies, 3 types of circular staplers and 3
types of manual suture techniques were used by 43 sur-
geons, who had a varying degree of experience in gastric
surgery. However, in addition to the fact that during the
planing phase, participating surgeons would not agree to
using only one technique, this type of standardization was
not chosen for two reasons:

1. There are no data from clinical trials available that
would prove one suture technique or stapler superior
to other available methods.

2. The experience of the surgeon could be identified as
a significant factor for the occurrence of anastomotic
leakage.3 We thought that the best results may be
obtained by the individual surgeon if he or she uses
the technique trained in.

The esophagojejunostomy is an ideal model to study
the effect of decontamination on anastomotic wound heal-
ing, because the leakage rate is rather high, decontaminat-
ing drugs after being applied orally reach the anastomosis
quickly and unaltered, and the radiologic control of the
anastomosis with Gastrografin for insufficiency is stan-
dard clinical practice in Germany. This suggests a good
quality of evaluation by independent radiologists.

Poor surgical technique either leaving gaps or causing
an impaired blood supply to the anastomosis resulting in
necrosis at the suture line is the generally accepted reason
for anastomotic insufficiency. We propose that an addi-
tional factor also may be of major importance. The pres-
ence of bacteria, which produce endotoxins or exotoxins,
may interfere with wound healing of the anastomosis in
the sense that they cause macrophage-mediated downreg-
ulation of fibroblast proliferation as could be shown in
vitro.'3"'4 In addition, bacterial invasion and proliferation
in necrotic tissue at the suture line may, in the mere
absence of local defense mechanisms, cause direct infec-
tion with intramural abscess formation resulting in anasto-
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motic leakage. Although microcirculatory disturbances
are the probable cause of necrosis,5 necrosis may promote
local infection in the presence of bacteria. The severity
of local infection associated with the release of bacterial
toxins at the suture line may in turn determine the extent
of necrosis and influence the occurrence of anastomotic
leakage.

Decontamination has proved to be an effective measure
for the prevention of infection by eradicating and pre-
venting carriage of aerobic potentially pathogenic micro-
organisms from the oropharynx, stomach, and intestine in
22 independent, randomized, controlled trials.'5 Because
bacterial pathogens of the upper alimentary tract have
been implicated to be the causative organisms of postop-
erative infections after gastric surgery, ` " irrespective of
whether they are acquired7 or endogenous, it was our
idea to use decontamination to ensure anastomotic wound
healing in the mere absence of infectious thread.

In a clinical setting, it never has been proved, to our
knowledge, that antibiotics can reduce significantly the
incidence of anastomotic insufficiency. Trials conducted
with intravenous antibiotic applications in colorectal sur-
gery mostly examined the question of septic complica-
tions in general.'9 One reason for failure of intravenous
antibiotics in the prevention of anastomotic leakage might
be the inability to prevent bacterial invasion of necrosis.
In a randomized, clinical trial carried out by Tetteroo et
al.,20 selective decontamination also has failed to prevent
anastomotic dehiscence in patients with esophagointesti-
nal anastomoses after esophagectomy.20 The influence of
decontamination on the development of surgical compli-
cations or anastomotic leakage had, however, not been
the aim of their study. These were, however, equally dis-
tributed in both groups. The reason for failure to prevent
anastomotic leakage may be because of the circumstance
that in several patients, the antibiotics bypassed the anas-
tomosis via a nasogastric tube or needle jejunostomy and
that no topical medication was given to prevent coloniza-
tion with gram-positive bacteria. The latter accounted for
85% of infections in the decontaminated group, which
had an overall infection rate of 32%.
We want to emphasize that in our study, oral vancomy-

cin was given to prevent colonization with gram-positive
bacteria and that the antibiotics in all cases passed over
the anastomotic suture line to prevent bacterial contact
with the anastomoses.

Compliance was a problem due to the poor taste of the
medication, which occurred because of the bitter-tasting
polymyxin. Because of the present lack of alternatives to
polymyxin B, patient information needs to be complete
and guidance by their surgeons needs to be firm to ensure
regular oral uptake of the medication throughout the sev-
enth postoperative day. The observation made in our trial
that discontinuation of medication was followed by a dis-

proportionately high incidence of severe septic complica-
tions implicates the inherent danger of this type of pro-
phylaxis, if it is not continued until the primary phase of
wound healing has ended and granulation tissue has re-
established the gut barrier at the suture lines. The coloniz-
ing resistance of the endogenous flora may be impaired
by the decontaminating drugs, leaving the gastrointestinal
tract defenseless against the invasion of microbial patho-
gens, as has been suggested by van der Waaij.2' If the
increase of septic complications in this subgroup of pa-
tients occurred for microbiologic reasons, the observed
complication rate would lend support to our hypothesis
that bacteria interfere with intestinal wound healing. This
conclusion, however, is speculative. The medication itself
is safe.

There is a large body of clinical evidence indicating
that bacteria impair healing of tissue after surgical inter-
vention. Among the multitude of factors influencing
wound dehiscence of skin wounds after major abdominal
surgery, the type of incision or type of closure was not
found to be of significance.22 A most highly significant
factor, however, was the influence of systemic or local
infection in the study conducted by Riou et al.,22 including
2761 patients. There also is experimental evidence impli-
cating the role of infection in the pathogenesis of colonic
anastomotic leaks. LeVeen et al.23 looked at the relation
between bacteria-incited inflammation and wound healing
by studying the effects of prophylactic antibiotics on co-
lonic anastomoses. The addition of erythromycin and ka-
namycin to the bowel preparation in dogs increased sig-
nificantly the tensile strength of colonic anastomoses 7
days after operation. Histologic examination results of
these suture lines showed healing by first intention in
groups treated with antibiotics and healing by second in-
tention in groups not receiving antibiotics. Cohen et al.24
found ischemic colonic anastomoses in the rat to heal
without disruption in the presence of intraluminal antibi-
otic preparations. Control subjects treated with intrave-
nous antibiotics and those treated without antibiotics had
a significantly higher rate of disruption. Cohn25 has
stressed the role of infection in anastomotic leaks. In his
review article, he wrote that intraluminal antibiotics, by
diminishing the role of infection, can protect some techni-
cally inadequate anastomoses from disruption.
The results of our clinical trial indicate that decontami-

nation, which is directed against the most common bacte-
rial pathogens causing postoperative infections, effec-
tively protects patients with an esophagojejunostomy
against anastomotic leakage if the medication is taken
regularly by the patient.
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