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Leakage from colonic and rectal anastomoses has a reported
incidence of up to 50 per cent! and is associated with
significantly increased mortality and morbidity rates?. Fibrin
sealant is a multicomponent biological adhesive made from
concentrated human fibrinogen which can be used to establish
haemostasis or as an adhesive in wound repair. Additional
sealing with fibrin sealant has been advocated in normal
and high-risk colonic anastomosis to prevent anastomotic
leakage®~’. Experimental studies provide conflicting results and
prospective, randomized clinical studies are lacking®®. A
negative influence of additional fibrin sealant on the healing
colonic anastomosis has recently been demonstrated in the
rat'®. This negative effect might be caused by an increased
inflammatory reaction near the anastomosis®!°.

The quantity and quality of collagen in the submucosal layer
of the intestinal wall determines the strength of the healing
intestine!’. After colonic anastomosis there is first a period of
breakdown of collagen, followed by synthesis!>~'*, Collagen is
highly resistant to proteolytic agents but is readily degraded
by collagenase. Factors directly influencing the activity of
collagenase are infection and inflammation around infected
anastomoses'* !¢, Bacteria and inflammatory cells are known
to produce collagenase!”-'8. As every colonic anastomosis must
be considered to be contaminated by intestinal bacteria, the
fibrin clot will be infected too. It is possible to mix antibiotics
with fibrin glue without impairment of its adhesive and clotting
properties. High local antibiotic concentrations are then slowly
released from the fibrin clot'®.

This study was designed to determine whether the addition
of antibiotics abolishes the negative effect of fibrin sealing on
the strength and collagen metabolism of healing colonic
anastomoses in the rat.

Materials and methods

Ninety male Wag/Rij rats, weighing 180-230g, were randomly
allocated to three treatment groups and were allowed water (acidified,
pH 3-0) and food (AM 1I; Hope Farms, Woerden, The Netherlands)
ad libitum before and after operation. Using ether anaesthesia and
through a midline incision, 1 cm of the left colon, 3 ¢cm proximal to
the peritoneal reflection, was resected. A single-layer end-to-end
anastomosis was performed with 12 interrupted, inverting 7/0
polypropylene (Prolene; Ethicon, Norderstedt, Germany) stitches in
a standard fashion. The resected segment of colon was frozen and kept
at —80°C until analysis, to serve as an individual control. The
experimental groups were: group 1, control sutured anastomosis; group
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In 90 rats a colonic anastomosis was constructed with 12 interrupted
7/0 polypropylene sutures. Group 1 (n = 30) served as a control group.
In group 2 (n = 30) the anastomosis was sealed with fibrin adhesive
and in group 3 (n = 30) a mixture of fibrin, clindamycin and cefotaxime
was used. On days 2, 4 and 7, ten animals in each group were killed.
Adhesion formation was significantly increased in groups 2 and 3
compared with the control group. On day 2 the anastomosis was
significantly stronger after sealing with antibiotic—fibrin mixture. On
day 4 the bursting pressure in group 2 was significantly lower than in
groups 1 and 3. At the same time the concentration of hydroxyproline
was significantly reduced in group 2, but not in group 3. The addition
of antibiotics prevents the negative effect of fibrin adhesive on the healing
colonic anastomosis and contributes to a stronger anastomosis on day
2 after operation.

2, sutured anastomosis plus human fibrin sealant; group 3, sutured
anastomosis plus fibrin—antibiotic complex. The human fibrin sealant
(Tissucol; Immuno AG, Vienna, Austria) was prepared according to
the manufacturer’s instructions. The sealant consists of a freeze-dried
protein concentration of human fibrinogen (120 mg/ml) which is
reconstituted in a solution of aprotinin (3000 kallidinogenase
inactivator units/ml) and a solution of thrombin (500 units/ml) and
calcium chloride (40 mmol/l). In treatment group 3, 1 ml thrombin
solution was mixed with 50 mg cefotaxime and 50 mg clindamycin.
After preheating to 37°C the components were reconstituted in their
solutions and drawn up in separate syringes. On mixing and application
the fibrinogen was activated to form fibrin and the solution was
transformed into a rubber-like adhesive mass. The fibrin—antibiotic
complex contains 25 mg cefotaxime and 25 mg clindamycin per ml
fibrin glue. For one anastomosis 0-2 ml fibrin sealant was used. On
days 2, 4 and 7, ten rats from each group had the laparotomy incision
reopened under ether anaesthesia and the degree of adhesion formation
was assessed: 0, no adhesions; 1 +, minimal adhesions, mainly between
anastomosis and omentum; 24, moderate adhesions, i.e. between
omentum and the anastomotic site and between the anastomosis and
a loop of small bowel; 3+, severe and extensive adhesions, including
abscess formation®. The rectum was then cannulated and the left colon
was ligated twice, 1 cm proximal and 1 cm distal to the anastomosis,
the latter around the rectal cannula. Care was taken not to disrupt the
anastomosis and its adhesions. The rectal cannula was connected to
an infusion pump (Hospal; Dasco Spa, Medolla, Ttaly), with a side
arm to a pressure transducer connected to a recorder. The in vivo
anastomotic bursting pressure was measured by infusing normal saline
at a constant rate of | ml/min, and was marked by an abrupt loss of
pressure. After measuring the bursting pressure the animal was killed.
The left colon, including the anastomosis, was excised and dissected
free of mesenteric fat. Three rings of colon tissue 0-5 cm wide were cut:
one ring of tissue containing the anastomosis, one ring proximal and
one ring distal to the anastomosis. For histological examination a small
segment of the anastomotic ring was cut and placed in 4 per cent
formaldehyde. The remaining tissue samples were immediately frozen
and kept at —80°C for hydroxyproline assay.

Hydroxyproline was determined using a modified version of the
colorimetric assay of Stegeman et al.20-2!,

Collagen concentrations were calculated in micrograms per
milligram dry weight. The collagen concentration of the control colon
was used to calculate any change in collagen content.

Sections of 5-um thickness were cut and stained with haematoxylin
and eosin. A periodic acid—-Schiff, a Gomori and a Weigert—van Gieson
stain were used to assess the tissue reaction. The inflammatory infiltrate
(neutrophils, eosinophils, macrophages) and tissue organization
(fibroblast and capillary proliferation) were scored semiquantitatively
as follows: +, numerous; +, occasionally present; —, absent.

For statistical analysis the mean values and the standard error of
the mean (s.e.m.) were calculated. Results were compared using
one-way analysis of variance (ANOVA) with the Student—Newman—
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Keuls test, x? test and Fisher’s exact test where appropriate. The null
hypothesis of no difference was rejected at a P value of 0-05.

Results

All rats survived and no animal showed macroscopic evidence
of leakage from the anastomosis. There were no differences in
change of body-weight.

The results of adhesion formation are presented in Table 1.
Adhesion formation was more extensive in groups 2 and 3
compared with group 1 by day 4. No animal showed abscess
formation.

The results of anastomotic bursting pressure measurements
are presented in Figure 1. On day 2 bursting invariably occurred
at the anastomosis. On day 4, 80 per cent of bursting in the
control group occurred at the anastomosis; in groups 2 and 3
rupture without exception took place at the suture line. On
day 7 the rupture invariably occurred outside the anastomosis
in groups 1 and 3; in one animal in group 2 the anastomosis
was the place of rupture. Bursting was most likely to take place
proximal to the anastomosis in 80, 70 and 90 per cent of animals
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Figure 1 Colonic bursting pressure on days 2, 4 and 7 after creation
of an end-to-end anastomosis. Values are mean(s.e.m.); n = I0.
[, Control; B, fibrin sealant; [, fibrin sealant plus antibiotics.
*P < 005 (ANOV A and Newman— Keuls test)

Table 1 Adhesions of colonic anastomoses in the rat

in groups 1, 2 and 3, respectively. On day 7 the colon wall was
significantly weaker proximal to the anastomosis compared
with the distal colon (P < 0-01).

The values of collagen concentration around the anasto-
mosis and relative change compared with individual normal
values are presented in Table 2. Hydroxyproline concentration
was lowest on day 2 in all groups. The relative loss of collagen
was prominent in all groups on most occasions. Overall there
were slight differences in relative collagen loss between groups
1 and 3; these changes became statistically significant only on
day 7. Figure 2 illustrates the relative change of collagen around
the anastomosis.

Histological examination showed remnants of fibrin glue
outside the anastomosis on days 2 and 4 (Figure 3); on day 7,
however, this fibrin was not demonstrated. On days 2 and 4
the fibrin sealant in groups 2 and 3 was heavily infiltrated and
surrounded by neutrophilic granulocytes. On day 4 this
neutrophilic infiltrate was more pronounced in group 2 than
in group 3 (Figure 4). The intestinal wall showed an infiltration
of neutrophilic and eosinophilic granulocytes and macrophages.
Apart from the number of neutrophils, no clear differences could
be found between the treatment groups.

On day 2 fibroblasts were present only occasionally. On
days 4 and 7 macrophages and fibroblasts were abundant in
all groups, while granulocytes had reduced in number again.
No differences were noted concerning the number of fibroblasts
and capillary proliferation.

Discussion

Fibrin sealant contributes to wound healing by producing local
haemostasis and by stimulating the influx of macrophages
which produce factors that cause angiogenesis, fibroblast
proliferation and collagen production??~25. Additional sealing
has been advocated for normal and high-risk colonic
anastomoses in patients to prevent anastomotic leakage®~". In
the rat model, however, application of human and rat fibrinogen
has a negative effect on the healing colonic anastomosis'°. Since
anastomoses are contaminated and fibrin is a culture medium
for pathogens, antibiotics in the adhesive may prevent infection.
Clindamycin and cefotaxime can be added to fibrin adhesive
without impairing its clotting behaviour®.

Day 2 Day 4 Day 7
Group n 0 1+ 24+ 0 1+ 2+ 3+ 0 I+ 2+ 34
I (Control) 30 0 9 0 0 6 4 0
2 (Fibrin sealant) 30 2 3 3 0* 0
3 (Fibrin sealant and antibiotics) 30 0 0 3 7* 0 5 3
*P < 005 (group 1 versus groups 2 and 3, x” test)
Table 2 Concentration and relative change of collagen in colonic anastomoses in the rat
Site Group Day 2 Day 4 Day 7
Proximal to anastomosis 1 91(8) (—49) 109(7) (—29)* 158(11) (—7)*
2 82(5) (—50) 85(9) (—47) 102(4) (—38)
3 68(6) (—48) 81(4) (—32) 92(5) (=95)
Anastomosis 1 97(6) (—44) 113(6) (—26)* 152(7) (—11)
2 77(6) (—52) 81(9) (—49) 139(3) (- 1S)y
3 67(3) (—48) 80(4) (—32) 106(6) (+8)
Distal to anastomosis 1 135(190) (—22) 146(7) (—6)* 157(11) (—8)*
2 131(6) (—19) 130(5) (—19) 144(3) (—11)

98(6) (—26)

102(4) (—15)

13(7) (+15)

Values are mean(s.e.m. ) expressed in micrograms per milligram dry weight; values in parentheses are the relative percentage changes compared with
the individual control value. *P < 0-05 (day 4: group 1 versus group 2; day 7: proximal, group 1 versus group 2; anastomosis, group 2 versus
group 3; distal, group 1 versus group 3; ANOVA and Newman—-Keuls test)
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Figure 2 Relative changes in collagen concentrations a proximal to
colonic anastomosis; b in colonic anastomotic area; ¢ distal to colonic
anastomosis. Values are mean(s.e.m.) percentage changes compared with
preoperative values; n = 10. (J, Control; B, fibrin sealant; 3, fibrin
sealant plus antibiotics. *P < 0-05 (ANOV A and Newman—Keuls test)

The application of fibrin sealant resulted in increased
adhesion formation around the anastomosis on day 4. This was
more prominent after addition of antibiotics. On day 7 this
difference was not present. Others have found that fibrin glue
prevents adhesion formation to peritoneal-muscular defects?®.
A possible explanation for the difference may be the presence
of colonic bacteria in this model.

On day 2 the bursting pressure was significantly higher after
sealing with antibiotic—fibrin complex. This did not correlate
with diminished collagen degradation, and may be caused by
mechanical bonding properties of the adhesive. Addition of
antjbiotics might inhibit degradation of the fibrin clot during
the first few days and improve the adhesive property.

Application of fibrinogen produced a lower bursting
pressute on day 4, but this was prevented by addition of
antibiotics to the fibrin sealant. In group 2 the lower bursting
pressure on day 4 correlated with reduced collagen
concentration. This decreased collagen concentration may
account for the lower bursting pressure because bursting
pressure is dependent mainly on submucosal collagen!®.
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Figure 3 Histological section on day 4 after operation of a

fibrinogen-sealed colonic anastomosis (arrows). The submucosa and fibrin

sealant show cellular infiltrate. ( Haematoxylin and eosin stain, original
magnification x 80)

Figure 4 Detail of fibrin sealant showing massive cellular infiltrate of
mainly neutrophilic granulocytes. { Haematoxylin and eosin stain, original
magnification x 160)

527



Fibrin sealant and antibiotics in colonic anastomosis: A. C. van der Ham et al.

Addition of antibiotics to the sealant gave almost the same
hydroxyproline values on day 4 as in control animals. The
reduced degradation of collagen after addition of antibiotics
may be explained by reduced bacterial infection and
inflammatory reaction. On day 4 the neutrophilic infiltration
of the anastomoses with antibiotic—fibrinogen was significantly
reduced.

On day 7 the net hydroxyproline change in the anastomotic
segment as well as distal to it was positive and significantly
higher in group 3. This did not result in a higher bursting
pressure. At this time the intestine is weakest proximal to the
anastomosis, as shown by the point of disruption. On day 7,
therefore, bursting pressure is not a good measure of
anastomotic collagen concentration. The finding of asym-
metrical collagen changes around the anastomosis has been
reported in other studies'*??. This study demonstrated that
collagen changes were more marked proximally and explains
why the rupture occurred almost exclusively proximal to the
anastomosis on testing the bursting pressure on day 7. No
explanation for this pattern of collagen distribution can be
found.

Histological examination showed excessive accumulation of
neutrophilic granulocytes in the fibrin sealant covering the
anastomosis on days 2 and 4. Fibrinogen gives rise to
infiltration of granulocytes and local fibrin deposition may
predispose to local infection and inflammation. Under normal
conditions, deposition of fibrin occurs within 3 h and the wound
is infiltrated by granulocytes, followed by macrophages?®
during the first 24 h. Foreign material, e.g. fibrin, prolongs the
inflammatory phase and provides a favourable site for bacterial
proliferation. A significant reduction in the lowering of
hydroxyproline concentration around the anastomosis was
observed by Mastboom et al.?® using germ-free rats. The results
of the present study with antibiotics suggest that local bacterial
infection contributes to collagen degradation following the
construction of a colonic anastomosis.

Neutrophilic granulocytes and bacteria are sources of
proteolytic enzymes including collagenase and may cause
increased collagen breakdown in the intestinal wall. The
postoperative decrease of breaking strength of colonic
anastomoses is not apparent in rats with neutropenia®®. In this
model the increased number of neutrophils at the site of the
anastomosis s responsible for the increased loss of hydroxy-
proline in the colonic wall following the addition of fibrin
sealant. The results do not show enhanced healing of colonic
anastomosis following sealing with fibrin glue, contrary to some
other studies®~’. Addition of antibiotics to the fibrin sealant
improved the mechanical properties of the anastomosis on day
2 and abolished the decrease in bursting pressure on day 4.
The- addition of antibiotics may be useful in the clinical
application of fibrin sealant.
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