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Abstract
Background and aims There is controversy about the effect
of the influence of hyperthermia and chemotherapeutic
agents on the healing of intestinal anastomosis. The effects
of hyperthermic intraperitoneal chemoperfusion (HIPEC) of
wound healing after colonic anastomosis were investigated
in a rat model.
Materials and methods Thirty-six Wag/Rija rats were
randomized into three groups of 12 animals each: group I:
control (only colonic anastomosis was performed) (n=12);
group II: HIPEC (mitomycin C in a concentration of 20
mg/m2 (n=12) colonic anastomosis was performed before
HIPEC; group III: HIPEC (mitomycin C in a concentration
of 20 mg/m2 (n=12) colonic anastomosis was performed
after HIPEC. Bursting pressure and bursting sites were
recorded 4 and 10 days after intervention. Collagen
deposits, inflammation and foreign body reactions were
evaluated.
Results Lower bursting pressure and lost of collagen were
found in both HIPEC groups and compared with the control
group. There was almost no difference between both
HIPEC groups. They were noted overwhelmingly at the
anastomosis in the HIPEC group. The degree of collagen
accumulation was well-correlated with bursting pressure.

Conclusion These results have shown that hyperthermic
intraperitoneal chemoperfusion (HIPEC) impairs wound
healing in colonic anastomosis in rats.
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Introduction

Most wounds, including gastrointestinal anastomosis, fol-
low the same series of events characterized at first by
inflammation, then by proliferation of collagen accumula-
tion and reorganization of the scar tissue.

Experimental evidence indicates that wound strength is
very low in the first days after colonic anastomotic
construction [1, 2].

Anastomotic dehiscence after colorectal surgery is a
significant cause of mortality and morbidity [3–5]. The
incidence of anastomotic dehiscence in colonic surgery
varies greatly, ranging from 0% to 35% [1, 3, 5, 6]. Because
anastomotic leakage and dehinscence continue to be an
important problem in gastrointestinal tract surgery, a
proximal diverting colostomy is advised for patients at
risk. It was recognized that cytostatics and/or hyperthermia
can inhibit wound healing [6–9].

Several factors were associated with anastomotic leakage
such as surgical technique, intestinal integrity, tension
across the anastomosis, drugs and patients factors predis-
posing to poor healing such as concurrent illness. Under
optimal conditions, there still remains a risk of dehiscence,
which particularly applies to the left colon and rectal
anastomosis [10].
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Peritoneal seeding from colorectal cancer is relatively
resistant to systemic chemotherapy. A treatment strategy for
these patients would be hyperthermic intraperitoneal chemo-
perfusion (HIPEC). This therapeutic design is regarded as one
of the best options for the therapy for peritoneal metastasis
from gastrointestinal carcinoma. The feasibility of intraperi-
toneal therapy was demonstrated by several groups, which
used this technique in combination with cytoreductive surgery
to treat peritoneal carcinomatosis [11–13].

Macroscopic complete resection of PC followed by
HIPEC is potentially capable of curing selected patients
presenting with disease confined to the peritoneum [14].
The goal of cytoreductive surgery is to achieve a nearly
total resection of all tumour tissue. In selected patients,
HIPEC may lead to an overall survival in PC [11, 14, 15].

It would be desirable to perform HIPEC synchronously
to the resection of the primary tumour. One of the common
complication of HIPEC is the anastomotic leak [16, 17].

This study has investigated the effects of hyperthermic
intraperitoneal chemoperfusion (HIPEC) on the healing of
experimental colon anastomosis.

Materials and methods

Animals

Thirty-six inbred male pathogen-free Wag rats weighing
180 to 220 g obtained from Charles River, Germany were
used in this study. The animals were kept separately during
the experiment with 12 h of light per day. They were fed a
standard laboratory diet and tap water ad libitum. Mainte-
nance and care of all experimental animals were carried out
according to the guidelines of the local responsible Animal
Protection Commission and carried out in compliance with
the national guidelines (National Institute of Health for Use
of Laboratory Animals).

Experimental design

The animals were operated by the same investigator. The
animals were anesthetized with isoflurane (Baxter, Unters-
chleißheim, Germany) in a mixture of oxygen and nitrous
oxide. Under semi-sterile conditions, the abdomen was
opened by median laparotomy of approximately 6 cm.

Thereafter, the animals were randomized into three
different operative groups of 12 animals each. Every group
were subdivided into two subgroups:

Group I: control (abdomen was open for 30 min).
Group II: HIPEC with mitomycin C (MMC) 20 mg/m2,

anastomosis was performed before HIPEC.
Group III: HIPEC with mitomycin C (MMC) 20 mg/m2,

anastomosis was performed after HIPEC.
All treatments were performed by the same investigator

(J.P.) who has a high experience in these settings.
A 1 cm control colon segment was resected 3 cm

proximal to the peritoneal reflection and the colonic
continuity was restored by constructing an end to end
anastomosis by using eight single layer inverting inter-
ruptured sutures (Ethicon 7/0; Ethicon, Norderstedt,
Germany).

Perfusion model

The perfusion model was performed as described previous-
ly [18]. The equipment consisted of a miniature heat
exchanger and a roller pump. The HIPEC system is a
closed circuit allowing perfusate circulation with a variable
dynamic flow of 10–15 ml/min. The warmed perfusate
(500 ml saline) was driven by a roller pump with two
synchronously running pump heads on a single axis for the
inflow and the outflow lines (Masterflex®). An inflow
catheter was inserted into the upper abdomen between the
hepatic and diaphragmatic surface and an outflow catheter
was placed within the pouch of Douglas.

The intraperitoneal temperature was maintained between
40.5°C and 41°C. Baseline temperature was recorded for
5 min before treatment. For temperature measurement
during perfusion, a nickel–chrome–nickel thermocouple
of 0.6 mm in diameter (Standard Integrated Thermocouple
Thermocoax, Phillips, Hamburg, Germany) was placed
near the anastomosis. Perfusion was performed over
90 min (like the clinical situation) from the point when
the perfusion fluid reached the required temperature. Then,
in groups II and III MMC was added to the system in a
drug dose of 20 mg/m2. The body surface of the animals
was calculated with the Dubois formula [19] ðAðm2Þ ¼
m0:425

k � 10:725K � 0:007184; m2 ¼ body surface; mk ¼ body
length; 1K ¼ body weightÞ: MMC was added in three
divided doses with a 30 min interval to the perfusate. The
first dose contained 50% and the following administrations
contained 25% of the total dose.

After perfusion, the perfusate was aspirated and the
abdomen was closed into two layers running 3-0 silk
suture. No perioperative antibiotics were applied.

Evaluation

The animals were kept under standard conditions and were
killed by an overdose of anesthetic and cervical dislocation
4 or 10 days after treatment.

Group I
(n)

Group II
(n)

Group III
(n)

Evaluation after 4 days 6 6 6
Evaluation after 10 days 6 6 6
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The animals were autopsied and the abdomen was
explored for signs of inflammation. The abdomen and
anastomosis were evaluated for abscess and adhesion
formation.

The following grading system was used for adhesion
assessment:

The mean of the specimens were calculated.
Abscess formation was scaled as present or absent. The

colonic anastomosis was removed and was evaluated
qualitatively and quantitatively. The intestinal segment with
the anastomosis (margins of 2 cm on each side) with the
sutures left in place was attached to an infusion pump filled
with saline.

Wound strength and microscopic analysis

One end of the colon segment was cannulated with a
pressure recorder. Then a cannula was inserted into the
intestinal lumen of the other end. The cannula was
connected with an infusion pump. The intra-colonic
pressure was raised with an infusion rate of 49.9 ml/h and
recorded. The bursting pressure recorded immediately
before the sudden loss of pressure and the localisation of
the rupture—anastomosis or colonic wall—were noted.
This procedure was described previously [20].

Thereafter, the anastomotic segment was cleaned from
adhering tissue and a 10 mm sample containing the
complete suture line in the middle was opened at the
mesenteric side and fixed in 4% formaldehyde. These
specimens were dehydrated and embedded in paraffin.
From each specimen, paraffin sections of 4 μm in
thickness were stained with hematoxilin–eosin (H & E)
and with elastica van Gieson (EvG) to identify collagen
fibers. Sections were analysed semi-quantitatively by
two independent observers by using a binocular light
microscope.

Anastomosis were graded histologically in a blind
fashion using the following morphologic criteria
reported by Salm et al. [21]: Edema, fibrin and collagen
were subjectively rated on a scale of 0–3 according to an
increasing amount. Granulocytes, lymphocytes, histio-
cytes, plasma cells, giant cells and fibroblasts were scored
from 0 to 3 on the basis of the cell number per square
unit.

Statistical analysis

Data were analysed using the SPSS/PC+ statistical
software. The mean scores and the standard error of
mean were calculated. The significance of the differences
was assessed by the Kruskal–Wallis test. Differences
were considered significant at a calculated p value of less
than 0.05.

Results

One animal in group II died of sepsis after 6 days.
Intra-abdominal complications were more common in

groups II and III than in the control group. Peri-anastomotic
adhesions were subjectively more common in HIPEC
groups than in group I. There were four animals in group
II and five animal in group III with abscesses. All animals
with intestinal obstruction (group I: n=0; group II: n=2;
group III: n=2) also presented with adhesions.

The clinical outcome of all groups are showed in Table 1.

Anastomotic strength

Individual measurements of bursting pressure are depicted
in Figs. 1 and 2 . Bursting occurred at the anastomosis in
four of six animals in group I and in all animals in group II
and III 4 days after intervention. After 10 days, the bursting
sites were observed on the anastomotic line in one of six
animals in group I and in three of six and four of six
animals in groups II and III, respectively.

In all groups, the bursting strength increased between
days 4 and 10 after the intervention. The average bursting
pressure in groups II and III (HIPEC) was significantly
reduced vs the control group I, 4 and 10 days after the
operation. The bursting pressure in group I was found as
202±16 and 356±24 mmHg, 4 and 10 days after
intervention. Bursting pressure was significantly reduced
to 74±24 and 98±18 mmHg after 4 days in groups II and
III, respectively. Bursting pressure was also significantly

0 No adhesions
1 Minimal adhesions, 1–33% of the circumference of the

anastomosis
2 Moderate adhesions, 33–66% of the circumference of the

anastomosis
3 Severe and extensive adhesions, 66–100% of the circumference

of the anastomosis

Table 1 Clinical outcome of groups I–III 4 and 10 days after
intervention

4 days 10 days

Group
I

Group
II

Group
III

Group
I

Group
II

Group
III

Death 0 0 0 0 1 0
Adhesion 1.3 2.4 2.6 1.2 2.7 2.8
Abscess 0 2 2 0 2 3

Absolute number of death and abscess and average number of
adhesions
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reduced to 243±121 and 278±29 mmHg 10 days post-
operatively in groups II and III, respectively.

In addition, the bursting site was more often within the
suture line in the treatment groups than in the control
group. The anastomosis ruptured all outside the anastomot-
ic area 10 days postoperatively in group I indicating that
anastomotic healing had progressed beyond the values of
normal bowel wall resistance.

No significant differences in breaking strength were
observed between both HIPEC groups after 4 or 10 days
(groups II and III) (p<0.05).

Histologic studies

Inflammatory reaction in all groups was seen but more in
groups II and III than in group I 4 days after intervention.

Restoration of mucosal integrity seemed better without
treatment (control group). Staining of collagen fibers with
van Gieson presented more collagen density after 10 days.
Collagen density in group I was low 4 days post-interven-
tionally but in the H & E staining, the granulation tissue
was well and the anastomosis was closed.

The colonic anastomosis healed worse when treatment
with HIPEC was administered and apart from more
inflammatory tissue, a low number of vessels in the
granulation tissue were discerned at histology. A compar-
ison of wound histology after 4 and 10 days did not
indicate essential differences between the two HIPEC
groups. Semi-quantitative analysis of the number of
granulocytes, fibroblasts, lymphocytes and macrophages
and degree of necrosis, wound area surface and sub-mucosa
bridging showed a similarity between groups II and III.
Anastomosis was irregular and in most cases not closed
(Fig. 3a). Van Gieson staining showed comparable collagen

deposition in both HIPEC groups as a reason for the
mechanical instability of the wound tissue (Fig. 3b).

Semi-quantitative results of the histology are shown in
Table 2.
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Fig. 1 Anastomotic strength post-operatively. The median are given
for bursting pressure. (Group I: control without treatment; group II:
anastomosis was performed before HIPEC; group III: anastomosis was
performed before HIPEC) (§: group III vs group I, p=0.028; *: group
II vs group I, p=0.03; $: group II and group III vs group I, p=0.24;
Kruskal–Wallis)

Fig. 2 Comparison of granulation tissue in colonic wound healing in
the control group 10 days after intervention. H & E staining and van
Gieson staining demonstrate correct wound healing of anastomosis
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Discussion

Hyperthermic intraperitoneal chemoperfusion (HIPEC) is a
new development in the treatment of peritoneal metastasis
originating from gastrointestinal tumours. Clinical studies
conducted by several groups clearly showed prolonged
survival times compared to patients treated by a conven-
tional therapy [22–24].

In many cases, HIPEC is performed in the same session
as the resection of the primary tumour. In these cases, the
colorectal cancer is resected first, followed by surgical
cytoreduction and heated chemoperfusion. Even though
patients have promising longer survival times after HIPEC,
this procedure does suffer from higher morbidity and
mortality [25]. The mortality figure rises up to 20%
particularly in patients older than 70 years [25].

Surgical complications, in some cases with very notable
rates, after HIPEC were reported in many literature sources.
The most common complication related to surgery was
anastomosis leakage. Reported rates of anastomosis leakage
vary between 8% and 20% depending on the site of
anastomosis, size of resection and individual risks after
HIPEC [25, 26]. High risk anastomosis such as anterior
resection of the rectum appears to be particularly endan-
gered. As reported by Averbach et al., the incidence of
anastomosis leakage after double-stapled low colorectal
resection without additional therapy was 6% compared to
20% after heated peritoneal chemotherapy [27].

Some authors have described the influence of hyperther-
mia and/or cytostatic treatment on the healing of gastroin-
testinal anastomoses [8, 9, 21, 28, 29]. This commonly
promotes anastomosis leakage, which may lead to severe
clinical complications. As HIPEC therapy includes both
hyperthermia and cytostatics and is administered at the time
of performing an anastomosis, this raises the question
whether HIPEC has a detrimental effect on the healing of
the anastomosis. Another controversial issue is whether the
anastomosis is to be performed before or after HIPEC.
These experiments were designed to demonstrate the
possible differences in healing regarding the times of
anastomosis.

The natural course of anastomotic healing is character-
ized by a slow increase in bursting strength during the first
4 post-operative days and a rise thereafter. So, we chose the
time points of evaluation after 4 and 10 days.

In the clinical settings, HIPEC is performed for 90 min
from most authors [22–24] and they use MMC in a
concentration of 20–35 mg/m2. So, we took these settings
in our experiments.

Fig. 3 Comparison of granulation tissue in colonic wound healing in
HIPEC treated rats 10 days after intervention. H & E staining
demonstrates the abundance of macrophages and granulocytes in the
granulation tissue, more prominent in the both HIPEC groups.
Incomplete epithelialization and a huge ulcer in the mucosa

Table 2 Histological outcome of groups I–III 4 and 10 days after
intervention

4 days 10 days

Group
I

Group
II

Group
III

Group
I

Group
II

Group
III

Edema 2.1 2.4 2.3 0.8 1.5 1.7
Fibrin 2.6 2.4 2.4 1.8 1.6 1.7
Collagen 1.2 0.8 0.7 2.7 1.8 1.6
Cells 1.8 2.2 2.4 1.0 1.3 1.5

Average number of edema, fibrin, collagen and cells
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Our own investigations showed a significant decrease in
bursting pressure in both HIPEC groups. Two cases of
anastomosis leakage with serious complications such as
faecal peritonitis were demonstrated. The clinical picture
was confirmed histologically. After 4 days, healing of the
anastomosis in groups II and III was severely delayed and
after 10 days, no definite connective tissue linking at the
site of the anastomosis was histologically visible. On the
other hand, the control group showed regular anastomosis
healing after 4 and 10 days, respectively.

No difference could be found between the two HIPEC
groups. Neither the number of clinical complications nor
the bursting pressures showed significant differences.
Histological examination after 4 and 10 days was virtually
identical in groups II and III with both H & E and EvG
staining. Therefore, it is not important whether HIPEC is
performed before or after performing the anastomosis.

Instances of delayed healing of animal intestinal anasto-
mosis after cytostatic therapy were reported [7, 29]. As with
our own studies, these also showed a decrease in collagen
formation. In studies where alternative cytostatics such as
5-flurouracil were used, considerably higher leakage rates
and anastomosis complications were also observed [9, 21,
29]. Wound healing is distinctly more compromised than
after hyperthermic treatment [8]. Individually, neither form
of treatment appears to have grave effects on anastomosis
healing [6]. Since the effects of hyperthermia and MMC as
monotherapy in animal experiments have already been
comprehensively described, the study design deliberately
omitted these two groups.

In contrast to the control group, neither of the HIPEC
groups in our own studies showed the normal formation of
collagen or connective tissue, which points to HIPEC as the
likely cause of decrease in synthesis nor was any adequate
collagen synthesis apparent after 4 days in the control
group. This is explained by the observation of Brasken, i.e.
that the highest expression of collagen-associated genes is
first noted after a week [28]. However, normal wound
healing with connective tissue bridge formation was
observed, which was not apparent in groups II and III.

Another point of interest is the possibility of local
recurrence in tumour growth in the anastomotic area. From
a theoretical point of view, it could be that the sequence
HIPEC and then performing anastomosis may prevent the
growth from residual tumour cells. To answer these
questions further experimental settings must follow.

Conclusion

Overall, the animal model described here clearly showed
delayed healing of the colon anastomosis after HIPEC with

a subsequent significant increase in complications com-
pared to the control group.

As these clinical data also show an increase of
complications post HIPEC, protective measures should be
taken when high risk anastomosis, for instance anterior
resection of the colon or performing of three anastomosis or
more, which are performed together with HIPEC.
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