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Bacteria: a Major Pathogenic Factor for Anastomotic Insufficiency
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The aim of this study was to determine the influence of bacteria on the development of anastomotic
insufficiency following gastrectomy in the rat. Fifty-seven male Wistar rats were randomly assigned to three
groups and subjected to gastrectomy. Group I (n = 20) was orally inoculated with 109 Pseudomonas aeroginosa
organisms on postoperative day 1. Group II (n = 20) served as the control group. Group III (n = 17) was

decontaminated with 320 mg of tobramycin, 400 mg of polymyxin B, and 500 mg ofvancomycin per liter of fluid
administered from preoperative day 7 to postoperative day 10. Swabs from the oropharynx and rectum were

cultured and analyzed daily for gram-positive and gram-negative bacteria. Surviving animals were sacrificed
on postoperative day 10. All animals were autopsied immediately following death. Anastomotic insufficiency
was defined as a histologically proven transmural defect at the suture line. Along with an effective reduction
of pathogenic bacteria colonizing the oropharynx, the rate of anastomotic insufficiency could be reduced
significantly, to 6% in decontaminated animals compared with 80% in controls (P < 0.001 by Fisher's exact
test). Inoculation ofgroup I animals with P. aeruginosa led to an increase of anastomotic insufficiency up to 95%
and a significant increase in mortality (P < 0.05). We conclude that bacteria play a major role in the
pathogenesis of anastomotic insufficiency following gastrectomy in the rat.

Anastomotic insufficiency is one of the major causes of
morbidity and mortality following total gastrectomy. The
pathogenesis of esophago-intestinal anastomotic insufficiency,
however, is not completely understood. Impaired blood supply
or local microcirculatory disturbances leading to necrosis (13),
as well as foreign bodies (6, 7), have been thought to be the
cause of anastomotic insufficiency for more than 100 years.
Anastomotic insufficiency, however, is a septic disease. Exog-
enous or endogenous potentially pathogenic microorganisms
colonizing the digestive tract may play a causative role in the
pathogenesis in addition to microcirculatory disturbances. This
idea led us to examine the influence of bacterial colonization
on the incidence of anastomotic insufficiency.
By topical application of nonresorbable bactericidal antibi-

otics (16, 18), the colonizing microflora of the oropharynx and
upper gastrointestinal tract can be easily manipulated. We
therefore used deliberate colonization and topical decontam-
ination with tobramycin, polymyxin and vancomycin to test the
following hypotheses in an experimental study: (i) anastomotic
insufficiency occurs as a result of bacterial infection, and (ii)
anastomotic insufficiency can be prevented by preventing bac-
terial colonization.

MATERUILS AND METHODS

Fifty-seven male Wistar rats were randomly assigned to
three groups. In group I (bacterial inoculation), all animals
received one oral dose of 109 Pseudomonas aeruginosa organ-
isms on the first postoperative day. P. aeruginosa was chosen
because it is commonly causes nosocomial infections in hu-
mans (5, 8, 9). Group II animals served as the controls. Group
III animals were decontaminated from preoperative day 7 to
postoperative day 10 by addition of 320 mg of tobramycin, 400
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mg of polymyxin B, and 500 mg of vancomycin per liter of fluid
(administered orally).

All rats were operated on under sterile conditions with
intraperitoneal pentobarbital anesthesia (50 mg/kg of body
weight). The stomach was completely removed. The continuity
of the intestinal tract was restored by an end-to-end esophago-
duodenostomy. Anastomoses were performed by employing
6X0 PDS and a transmural, single-layer running suture tech-
nique. On postoperative day 10, surviving animals were sacri-
ficed. All animals were autopsied. The anastomoses and the
lungs were histopathologically examined.
The mechanical resistance of the anastomosis was deter-

mined by measuring the bursting pressure in situ. NaCl (0.9%)
in a 50-ml syringe was pumped into the system at 2 ml/min with
a perfusor pump (Braun; maximum producible pressure, 300
mm Hg [ca. 40,000 Pa]). The pressure changes were detected
(Stadham ID23 pressure transducer) and recorded (Hellige
monitor and writer).
Swabs for bacteriological analysis were collected daily from

the oropharynx and rectum. Samples were immediately plated
and incubated on MacConkey agar and blood agar and ana-
lyzed according to the guidelines of the German Society for
Hygiene and Microbiology (4). Results were recorded as no
growth or as low, moderate, or massive bacterial growth.
Tobramycin and vancomycin in the urine and serum samples

from group III animals were analyzed by a fluorescence
polarization immunoassay (11). The drug resistance of bacteria
isolated from group III animals was determined by agar diffusion
according to Deutsche Industrie Norm (4). The German National
Research Council's guide for care and use of laboratory animals
was followed.

Definitions. Anastomotic insufficiency was defined as a
histologically proven transmural defect at the anastomotic
suture line with a vital inflammatory reaction, e.g., exudation
of fibrin and leukocytes.

Statistical methods. Means and standard deviations were
computed, and the Mann-Whitney test, the Kruskall-Wallis
test, Fisher's exact test, and the chi-square test were used. A
value of P < 0.05 was considered to be significant.
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TABLE 1. Qualitative analysis

% of samples positive

Oral cultures Rectal

SpeciesOcultures
Group Group Group

I II III Group Group
(n = 130)' (n = 165) (n = 166) I,

Escherichia coli 33.8 56.3 9.0 95.1 4.7
Proteus sp. 33.0 29.6 16.3 53.0 35.8
Pasteurella multocida 23.8 39.6 4.8
Kiebsiella sp. 3.0 4.2 0.6 0.6 1.3
P. aeruginosa 37.6
Flavobacterium odoratum 0.6
Streptococcus sp. 74.8 87.8 13.3 7.5 29.0
Staphylococcus sp. 13.0 53.9 5.4 0.6 8.1
S. aureus 0.8 1.3 4.2 0.6
Corynebacterium sp. 0.8 0.6 0.6

a n, number of samples.

RESULTS

Colonization rates. During the postoperative period, dy-
namic changes in the bacterial colonization pattern in the
oropharynx were observed for all groups. In groups I and II

there was an increase in gram-negative organisms and a

transient decrease in gram-positive organisms. At the time of
operation and during the entire observation period, the colo-
nization rates in decontaminated animals stayed well below
those in groups I and II.

Species of bacteria isolated. The spectra of bacteria species
isolated from the oral cavity were similar for all groups (Table
1), with the exception of P. aeruginosa, which was artificially
introduced into group I. Even though P. aeruginosa could be
isolated from 95% of the animals in group I at one time or

another during the monitoring, only 37.6% of oral samples
were positive for P. aeruginosa. Decontamination caused a

change in the composition of the oral microflora along with a

marked reduction of most bacterial strains.
Mixed colonization with gram-negative and gram-positive

bacteria was observed with similar frequencies in groups I

(71%) and II (75%) but was a rare event in group III (11%);
12.1% of group I, 18.5% of group II, and 2.7% of group III
animals showed the presence of more than one gram-negative
strain or more than one gram-positive strain.

Semiquantitative analysis. In groups I and II the percent-
ages of oral swabs yielding moderate or massive growth of
gram-positive and gram-negative bacteria were higher than
that in the decontaminated group (Table 2).

Influence of decontamination on rectal flora. Rectal coloni-
zation patterns also differed in the decontaminated and control
groups, showing both semiquantitative and qualitative reduc-
tions of gram-negative bacteria and a shift towards gram-
positive species (Tables 1 and 2).
Drug resistance. The development of drug resistance after

18 days of decontamination was not observed.
Bursting pressure. The bursting pressure of anastomoses in

decontaminated animals (group III) was highest, at 247 81)
(mnean + standard deviation) mm Hg (ca. 32,900 + 10,800 Pa).
The bursting pressure in control animals (group II) was 178
141 mm Hg (ca. 23,700 ± 18,800 Pa), and that in group I
animals was 99 + 97 mm Hg (ca. 13,200 12,900 Pa). The
bursting pressures in groups II and III did not differ signifi-
cantly (P = 0.478; Mann-Whitney test), while the values for

TABLE 2. Semiquantitative analysis

% of samplesa:
Culture and strains Group

_ + ++ +++

Oral
Gram negative I (n = 130)b 27.3 31.2 31.2 10.5

II (n = 165) 20.6 42.4 21.8 14.5
III (n = 166) 71.6 20.4 4.8 2.4

Gram positive I 16.1 32.2 36.9 13.1
II 7.7 16.9 29.0 45.4
III 77.1 17.4 3.6 1.2

Rectal
Gram negative II 0.6 8.3 91.0

III 58.7 13.7 14.8 12.8
Gram positive II 93.1 0.7 4.8 1.3

III 66.2 29.6 8.7 5.4

a-, no bacterial growth; +, low bacterial growth; + +, moderate bacterial
growth; + + +, massive bacterial growth.

b n, number of samples.

group I animals were significantly lower than those for both
other groups (P = 0.0075; Kruskall-Wallis test).
Anastomotic insufficiency. Eighty percent of the specimens

from the control group had an anastomotic insufficiency on
histologic examination, whereas this was seen with only one
animal of group III (6%). This reduction in the rate of
anastomotic insufficiency was statistically highly significant (P
< 0.001 by Fisher's exact test). Inoculation with P. aeruginosa
in group I led to an anastomotic insufficiency rate of 95%, with
only one animal left with an intact anastomosis (Table 3).
The only insufficiency in the decontaminated group occurred

in an animal with a small transmural abscess. Free perforation
with peritonitis was not observed. In the control group (group
II), insufficiencies with peritonitis occurred in two animals
(10%); both died by day 2. The other 13 animals with
insufficiencies had transmural abscesses covered by granula-
tion tissue with the beginning of a scarring reaction. In the P.
aeruginosa-contaminated group (group I), five animals (25%)
died from insufficiency with free perforation and peritonitis,
and one died from secondary rupture of a very large transmu-
ral abscess followed by peritonitis on day 8. In all cases of
peritonitis, P. aeruginosa could be recovered. One animal had
a large transmural abscess covered by granulation tissue with
the beginning of a scarring reaction, and the 12 remaining
animals (60%) with anastomotic insufficiencies had extensive
fistulas into the liver.
On histologic examination, all insufficient anastomoses from

all groups presented with pus. Gram staining of the specimens
demonstrated the presence of bacteria on all but two anasto-
moses. Both were from group II animals; one was insufficient

TABLE 3. Complications

% in:

Complication Group I Group II Group
(n = 20) (n = 20) (n17)

Insufficiency 95 80 6a
Peritonitis 30 10
Abscess 10 30
Adhesions 80 50 6
Pneumonia 30 15
Mortality 30 10

a Significant difference (P < 0.001 by Fisher's exact test).
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and presented with pus, and the other had healed by primary
intention.
Other complications. Rates of peritonitis (P < 0.05), abscess

(P < 0.05), adhesions (P < 0.01), pneumonia (P < 0.05), and
mortality (P < 0.05) were reduced significantly under decon-
tamination (Table 3).

Systemic antibiotic concentrations. Therapeutically active
levels of aminoglycosides in serum could not be detected in any
of the blood samples obtained.

DISCUSSION

Pathomechanism. 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
additional factor may also be of major importance. The
presence of bacteria which produce endo- or exotoxin may
interfere with healing of the anastomosis in that they cause
macrophage-mediated down regulation of fibroblast prolifera-
tion, as could be shown in vitro (2, 10). In addition, bacterial
invasion and proliferation in necrotic tissue at the suture line
may, in the absence of local defense mechanisms, cause direct
infection, with intramural abscess formation resulting in anas-
tomotic leakage. Although microcirculatory disturbances are
the probable cause of necrosis (13), 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.

Colonization rates. One key to the initially proposed patho-
mechanism of infection-related anastomotic insufficiency is the
postoperative susceptibility to colonization with pathogenic
bacteria, which we could observe in both groups I and II. This
has previously been observed after surgical trauma in rats (8)
and is also consistent with clinical observations (20). Postop-
erative changes in the composition of the oropharyngeal
microflora have been observed in connection with a decrease
in cell surface fibronectin, possibly as a result of an increase in
proteolytic activity of oropharyngeal secretions (9, 15).
Although we did not have direct access to the anastomosis

during the postoperative period, we assumed that there was an
increased colonization by pathogenic gram-negative bacteria at
the suture line as well in group I and II animals because of the
proximity of the anastomosis to the oropharynx.

Colonization prevention by decontamination. Decontamina-
tion in group III animals effectively reduced bacterial coloni-
zation of the intestinal tract during the entire postoperative
period (Tables 1 and 2). Since we could prove that bacterial
colonization of the oropharynx and rectum was reduced by
decontamination, it may be assumed that bacterial counts at
the anastomotic suture line were also reduced.
The antibiotic cocktail administered to group III animals in

our study differed from the selective decontamination regimen
used in clinical trials (16, 18) by the replacement of ampho-
tericin B with vancomycin. Both regimens differ from that used
for total gut decontamination (1, 14). Rats generally do not
acquire yeast infections, an observation we also made during
our preliminary trials. It was therefore unnecessary to prevent
colonization by yeasts. However, invasion of necrosis at the
suture line with subsequent infection by gram-positive cocci,
especially Staphylococcus aureus, was very much within the
realm of possibilities, and we considered it important to
prevent colonization with these bacteria. We furthermore
assumed a possibility of mixed infection with anaerobes and
aerobes with the ability to cause abscess formation, as de-

scribed by Onderdonk et al. (12). We added vancomycin in
order to eliminate gram-positive organisms. We were aware
that because of the addition of vancomycin, the colonization
resistance of the gastrointestinal microflora, as proposed by
van der Waaij et al. (19) for colonization resistance by aerobes,
might be reduced. However, we did not observe any disadvan-
tageous side effects in the outcome. The effectiveness of
decontamination in colonization prevention differed for the
individual strains (Table 1). Among gram-negative bacteria,
the elimination of Proteus strains was least effective, possibly
due to the primary resistance of members of this genus to
polymyxin (5).

Anastomotic insufficiency. The diagnosis of anastomotic
insufficiency was based on a histologically proven transmural
defect at the suture line. Anastomotic insufficiency in the
absence of infection was not observed, since pus and bacteria
were present in the vast majority of insufficient anastomoses.
This supports the results of morphologic studies on rabbit
colon anastomoses by Schafer et al. (13). The incidence of
anastomotic insufficiency changed with the orophyngeal bacte-
rial colonization rates. A reduction of oropharyngeal bacterial
colonization (Tables 1 and 2) was paralleled by a significant
reduction in anastomotic insufficiency (P < 0.001), from 80%
in group II to 6% in group I (Table 3). Artificial oral
inoculation with P. aeruginosa in group I led to an increase in
the rate of anastomotic insufficiency. Although this increase
was not statistically significant, the consequences of insufficien-
cies were very different, because they were associated with a
significant elevation of mortality (P < 0.05). Morphologically,
group I insufficiencies presented mostly as fistulas and not as
intramural abscesses. Although semiquantitative analysis (Ta-
ble 2) did not show an increase in the total number of
gram-negative bacteria in group I, qualitative analysis did show
a difference in the types of organisms isolated (Table 1). With
decontamination neither intra-abdominal abscess nor perito-
nitis was observed, and along with a very low rate of septic
complications there was no postoperative mortality in group
III.

Bursting pressure measurements were useful in showing that
wound healing in the presence of decontamination produced
stable anastomoses.

In a clinical setting it has never been proven, to our
knowledge, that antibiotics can significantly reduce the inci-
dence of anastomotic insufficiency. Most trials conducted with
intravenous antibiotic applications in colorectal surgery exam-
ined the question of septic complications in general (3). One
reason for failure of intravenous antibiotics in the prevention
of anastomotic leakage might be the inability to prevent
bacterial invasion of necrosis, which, according to Schafer et
al., is the starting point of anastomotic insufficiency (13).
Selective decontamination has also failed to prevent anasto-
motic dehiscence in patients with esophago-intestinal anasto-
moses following esophagectomy (17). In the randomized con-
trolled clinical trial reported by Tetteroo et al. (17),
examination of the influence of decontamination on the devel-
opment of surgical complications was not the aim of the study.
However, complications were equally distributed in control
and treatment groups. The failure to prevent anastomotic
leakage may be due to the facts that in several patients the
antibiotics bypassed the anastomosis via a nasogastric tube or
needle jejunostomy and that no topical medication was given
to prevent colonization with gram-positive bacteria. Gram-
positive bacteria accounted for 85% of infections in the
decontaminated group, which had an overall infection rate of
32%. We wish to emphasize that in our study colonization with
gram-positive bacteria was reduced by giving oral vancomycin
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and that the antibiotics were in direct contact with the anas-

tomotic suture line to prevent bacterial invasion of necroses.

We thcrefore conclude that bacteria indeed play a major
role in the pathogenesis of anastomotic insufficiency. In order
to find out whether these experimental results have clinical
relevance, we carried out a prospective, nonrandomized pilot
study with 40 patients, and on the basis of the results obtained,
we conducted a prospective, randomized, double-blind multi-
center trial with patients undergoing total gastrectomy for
gastric cancer. The analysis was carried out on an intention-
to-treat basis. Along with a significant reduction of colonizing
gram-negative bacteria and S. aureus, the anastomotic insuffi-
ciency rate of the oesophage-jejunostomy could significantly be
reduced as a result of decontamination compared with that of
controls.
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