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The aim of the present study was to investigate the effect of hyperbaric oxygen therapy

(HBOT) on colon anastomosis after chemoradiotherapy (CRT). Sixty female Wistar-

Albino rats were divided into 5 groups and underwent left colon resection and end-to-

end anastomosis. CRT simulation was performed on 2 sham groups before the

anastomosis, and 1 of these groups was administered additional postoperative HBOT.

Two groups were administered CRT before the anastomosis, and 1 of them received

additional postoperative HBOT. On postoperative day 5, all groups underwent

relaparotomy; burst pressure was measured and samples were obtained for histopath-

ologic and biochemical analysis. There was a significant weight loss in the CRT groups

and postoperative HBOT had an improving effect. Significantly decreased burst pressure

values increased up to the levels of the controls after HBOT. Hydroxyproline levels were

elevated in all groups compared to the control group. Hydroxyproline levels decreased

with HBOT after CRT. No significant difference was observed between the groups

regarding fibrosis formation at the anastomosis site. However, regression was observed

in fibrosis in the group receiving HBOT after CRT. Preoperative CRT affected

anastomosis and wound healing unfavorably. These unfavorable effects were alleviated

by postoperative HBOT. HBOT improved the mechanical and biochemical parameters of

colon anastomosis in rats.
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Colorectal cancer is an important health problem
that accounts for approximately 50,000 and

200,000 deaths every year in the United States and
Europe, respectively.1,2 Local recurrence or distant
metastasis develops in two thirds of the patients
undergoing curative resection for colorectal cancer.
Nearly 85% of relapses occur within the first 2.5
years after surgery.2 Although adjuvant therapy has
been a well-accepted procedure to prevent metasta-
sis and local recurrence after surgical resection,
more recently neoadjuvant therapy has gained
popularity to enable secondary curative resection
with clear surgical margin and to prolong overall
and recurrence-free survival.2 It has been reported
that local recurrence rate is lower, toxicity is rare,
and the anal sphincter is more likely to be preserved
in those undergoing preoperative radiation.1,2

Despite the current advances in surgical tech-
niques, anastomotic leakage is a severe complication
leading to morbidity and mortality after intestinal
surgery.3–6 Chemoradiotherapy (CRT) has the po-
tential to lead to inadequate vascularization in
tissues, a well-known risk factor for intestinal
anastomosis leak. Impaired oxygenation as a result
of hampered vascularization may lead to delay in
wound healing, which ultimately impairs anasto-
motic durability. Studies on factors that enhance
wound healing to prevent anastomotic leakage in
colon anastomosis have been accelerated in the past
decade. In a limited number of studies performed
for this purpose, hyperbaric oxygen therapy
(HBOT), which is applied by means of intermittent
inhalation of 100% oxygen under 1 atmosphere
pressure, has been reported to have favorable effects
on intestinal anastomotic healing.7–9 However,
whether HBOT can reverse potential side effects of
CRT on would healing and anastomotic durability is
unclear. The aim of the present study was to
investigate the effects of HBOT on the biochemical
and mechanical parameters of anastomosis healing
after colon anastomosis in rats after preoperative
CRT.

Materials and Methods

Experimental Animals

The present study was approved by the Gulhane
Military Medical Academy Ethical Committee for
Animal Experiments. In the present study, 60
Wistar-Albino female rats, weighing between 150
and 220 g, were used. In the course of the study, the
animals were kept in the same laboratory conditions

and fed with commercial rat food and ordinary tap
water. The rats were weighed at the beginning of the
study, during the first operation, and during
relaparotomy. The rats were randomized into 5
groups by simple random sampling, therefore 12
rats in each group (one control, two sham and two
study groups). All of the groups underwent stan-
dard left colon resection and single layer end-to-end
anastomosis. In 2 sham groups (groups 2 and 3),
chemotherapy (CT) and radiotherapy (RT) simula-
tion was performed before anastomosis and 1 of
these groups received additional postoperative
HBOT. In 2 CRT groups (groups 4 and 5), CT plus
RT was performed before anastomosis and 1 of these
groups received additional HBOT. On postoperative
day 5, all of the groups underwent relaparotomy
and burst pressure (BP) was measured. Tissue
samples were taken for histopathologic examination
and biochemical analyses. Procedures applied to the
experimental groups are summarized in Table 1.

In the course of the study, 1 of the rats in the sham
group and 1 of the rats in the CRT group died on the
postoperative second and third days, respectively.
Postmortem laparotomies of these experimental
animals revealed no intra-abdominal pathology.
Considering that dehydration and weight loss might
have led to mortality, the groups were completed
replacing the dead experimental animals with the
new ones.

Procedures

CT application

Eight days before the anastomosis, fluorouracil (5-
FU) was intraperitoneally injected at a dose of 10
mg/kg for 5 days.

RT application

Radiotherapy, under anesthesia, was applied 8 days
before the anastomosis, anesthesia was applied and
totally 20 gy RT (Cobalt 60 Theratron 780 E,
Theratronics, Canada) was given at a dose of 4
gy/day for 5 days. Anesthesia was also given on the
day of surgery.

CT simulation

Eight days before the anastomosis, intraperitoneal
saline was injected for 5 days at the same volume as
CT. Procedures were applied at the same time to the
groups receiving CT.
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RT simulation

Anesthesia was applied daily, but RT was not given.
Procedures were applied at the same time to the

groups receiving RT.

Anesthesia applied during RT and RT simulation

Xylazine HCl 2% injection vial (Alfazyne, Alfasan
International BV, Woerden, Holland) was given at a

dose of 10 mg/kg and ketamine HCl 10% injection

vial (Alfamine, Alfasan International BV) was given

intramuscularly at a dose of 90 mg/kg.

Colon resection and anastomosis

All rats fasted for 12 hours before operation and

only water intake was allowed for 24 hours after the
operation. Anesthesia induction included 60% O2,

40% nitrogen protoxide, and 5% to 6% sevoflurane.

Maintenance of anesthesia included 40% O2, 20%

nitrogen protoxide, and 1.8% to 2% sevoflurane. The
abdominal skin of the rats was shaved after

anesthesia and the operation site was cleaned with

povidone-iodine. The abdomen was opened

through a median incision of 3 cm, the left colon
was explored, and colonic content was manually

evacuated, not damaging the mesoderm and sur-

rounding tissues. One centimeter of the left colon

was resected at 4 cm proximal of the peritoneal

reflection. Thereafter, end-to-end anastomosis was
performed by single layer introverted sutures using

6/0 polypropylene (Ethicon Inc, Gargrave, United

Kingdom). During the operation, sterile gauzes

damped with Ringer lactate solution were used to
protect intra-abdominal organs from drying out.

Before closing the abdomen, 5 mL of Ringer lactate

solution was injected into the abdomen to prevent

dehydration. Peritoneum and the fascia were closed
by continuous suturing with 3/0 silk suture,

whereas the skin was closed with single suture

using 3/0 silk.

HBOT application

HBOT application was initiated on postoperative
day 1 and continued for 5 days with 2 sessions per
day (each session, 90 minutes). A cylindrical
hyperbaric chamber (diameter, 24.5 cm; length, 38
cm) composed of nickel, steel, and chromium and
tested for durability against 6 atm pressure, was
used for hyperbaric application. Tubes including
pure oxygen under high pressure were connected to
the pressure room. The strength of the current could
be observed and was maintained at 1.5 to 2 L/min.
After the animals were placed into the pressure
room, the medium was rapidly flushed with
oxygen. Absorbent granules, known as soda lime,
composed of sodium hydroxide and calcium hy-
droxide in varying ratios, were placed in the
pressure room to uptake CO2 that might have
accumulated in the medium as a result of ventilation
of the animals. The pressure room was then closed
and the inner pressure was increased up to the
application level at a rate not exceeding 1 atm
pressure per minute. As soon as reaching to the
application level was reached, the amount of input
and output O2 was stabilized and the time was kept.

Relaparotomy

Relaparotomy was performed under inhalation
anesthesia on postoperative day 5 of anastomosis.
Anastomosis line was found based on the presence
of Prolene sutures and adhesions at anastomosis site
were evaluated. BP was measured, and samples
were obtained for biochemical analysis and histo-
logic examination.

Measurements

BP measurement

Of the anastomotic line, 2 cm distal and proximal
were cautiously prepared and stool content of the
colon was evacuated manually. The mechanism
prepared for BP included infusion pump (Micro-

Table 1 Procedures applied to the experimental groups

Procedure
Group 1
Control

Group 2
Sham

Group 3
ShamþHBOT

Group 4
CRT

Group 5
CRTþHBOT

Preoperative CT and RT X X
Preoperative CT and RT Simulation X X
Colon Resection and anastomosis X X X X X
Postoperative HBOT X X
Postoperative fifth day Relaparotomy and measurements X X X X X

CRT, chemoradiotherapy; CT, chemotherapy; HBOT, hyperbaric oxygen treatment; RT, radiotherapy.
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macro Life Care Infusion Pump, Abbott, Berkshire,
United Kingdom) and bedside monitor (Cardiocap/
Critical Care Monitor, GE healthcare, New Jersey). A
serum containing 0.9% NaCl was attached to the
infusion pump with infusion set. Three-way tap was
attached to the end of the infusion set. One end was
extended to the intestinal segment, of which the
pressure would be measured, and the other end was
attached to the pressure measuring transducer with
display (Monitoring Kit, Transpac IV, Abbott Critical
Care Systems Abbott, Dublin, Ireland). The change
in pressure was monitored, while the serum was
being infused with a constant speed of 4 mL/min.
As the serum was observed to leak from anastomo-
sis site into the abdomen, the highest pressure
measured on the monitor was recorded as the BP.
The burst site was evaluated as ‘‘on the anastomotic
line’’ and ‘‘out of the anastomosis.’’ Then, the
anastomosis segment extending 1 cm distal and
proximal of the anastomotic line was excised and
divided into 2 by opening along the mesenteric
margin. One segment sample was put into a tube,
frozen in liquid nitrogen, and stored in deep freeze
at �808C for hydroxyproline analysis. The other
segment sample was stored in a tube containing 10%
formaldehyde for histopathologic examination.

Hydroxyproline analysis

After 1 mL of 6M hydrochloric acid was added into
the tubes used to collect tissue samples, they were
hydrolyzed at 1508C for 1 hour (Hycel Thermal
Block, Hycel Inc, Houston, Texas) and tissue
hydroxyproline hydrolysates were prepared. Of this
hydrolysate, 10 lL was taken and put into a separate
tube and left for drying for 24 hours. Hydroxypro-
line standards of 0.4, 0.8, and 1.5 lmol were
prepared in 50% isopropanol and 450 lL of
chloramine T was added and kept in room temper-
ature for 25 minutes to provide oxidation. Thereaf-
ter, 500 lL of Erlich reactive was added and they
were kept at 658C for 20 minutes. At the end of the

procedure, all of the samples were read at 559 nm
against a reagent blank.

Histopathologic examination

The samples were fixed with 10% formalin for 24
hours, paraffin blocks were prepared, and 6-lm
sections were obtained from the tissue samples.
They were then stained with Masson’s trichrome
and hematoxylin-eosin. The preparations were
evaluated under the light microscope by a blinded
pathologist. Fibrosis on the anastomosis line was
evaluated using a scale according to the severity of
fibrosis (0: minimal, 1: mild, 2: moderate, 3: severe).

Statistical analysis

Statistical analyses were performed using statistical
package for the social sciences for Windows 10.0
(SPSS Inc, Chicago, Illinois). Descriptive analyses
were represented as mean 6 standard deviation,
median, and percentage. Statistical difference be-
tween the median values of the groups was
analyzed using Kruskal Wallis test. From which
groups the differences emerged was analyzed using
Bonferroni adjusted Mann-Whitney U test. The
comparison between the changes in weight (initial,
during anastomosis, and relaparatomy) was per-
formed using Wilcoxon signed ranks test. Histo-
pathologic findings were evaluated using v2 test. A
P value , 0.05 was considered significant.

Results

In the groups receiving CRT, food intolerance and
weight loss were observed after the treatment was
started, and diarrhea was observed on the days after
treatment. When HBOT was administered to the rats
in the CRT groups, it was observed that food
intolerance was rapidly improved and weight gain
began. Weight monitoring of the groups is summa-
rized in Table 2 and the change in weight after

Table 2 Weight monitoring of the groups

Weight (g) mean 6 SD

Baseline After operation After relaparatomy

Group 1 control 161.33 6 7.39 162.75 6 7.50 157.25 6 6.24
Group 2 sham 164.58 6 5.40 149.92 6 3.94 147.83 6 5.06
Group 3 shamþHBOT 172.67 6 7.88 161.67 6 6.08 162.17 6 5.42
Group 4 CRT 173.42 6 4.80 143.17 6 10.25 144.83 6 15.79
Group 5 CRTþHBOT 176.17 6 12.52 153.33 6 12.43 162.25 6 10.41

CRT, chemoradiotherapy; HBOT, hyperbaric oxygen treatment; SD, standard deviation.
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operation and relaparotomy is presented in Table 3.
It was determined that CRT caused remarkable
weight loss in experimental animals and weight loss
stopped and weight gain started in the groups who
underwent HBOT; weight gain was quite significant
in group 5.

When adhesions at anastomosis line were evalu-
ated during relaparotomy, it was observed that
urine bladder, oviducts, and omentum showed
extensive adhesion to the colon. During BP mea-
surements, burst sites other than the anastomotic
line were determined in 2 rats in the control group,
in 1 rat in the sham group, and in 1 rat in the
CRTþHBOT group. Burst pressure and tissue
hydroxyproline values are presented in Table 4.
Burst pressure was lower in the sham and CRT
groups compared to the control group. The mean BP
value of the control group was 132.58 mmHg,
whereas it was 110.67 mmHg in the sham group,
indicating that the anastomosis operation led to
decrease in BP. BP was higher in groups 3 and 5 that
received additional HBOT compared to their own
control groups (groups 2 and 4; Fig. 1).

There was a significant difference between the
groups in terms of BP(P ¼ 0.004). In paired
comparisons, the decrease in BP in the sham group
was not significant compared to the control group (P
¼0.085), whereas it was significant in the CRT group

(P ¼ 0.003). Although it was not statistically

significant, BP was found higher in group 5 that

received HBOT compared to group 4 (P ¼ 0.06).

There was a significant increase in tissue hy-

droxyproline levels in all groups compared to the

control group. In addition, a significant difference

was found between the groups in terms of tissue

hydroxyproline levels (P ¼ 0.001). Paired compari-

son of the groups showed that tissue hydroxypro-

line levels in the CRT group were significantly

higher than that in the control group (P ¼ 0.001).

Although it was not statistically significant, tissue

hydroxyproline level was lower in group 5 that

received HBOT compared to that in group 4 (P ¼
0.128; Fig. 2). The severity of fibrosis in the groups is

presented in Table 5. Severe and moderate fibrosis

were most commonly observed in group 4 in 3 and 8

rats, respectively, whereas fibrosis was rarely seen in

the control group. When all the groups were taken

into consideration, no significant difference was

found between the groups in terms of fibrosis (P ¼
0.222). In paired comparisons, it was observed that

fibrosis was more common in the CRT group

compared to the control group (P ¼ 0.008). When

group 4 was compared with group 5, it was

determined that HBOT reduced fibrosis; however,

it was not statistically significant (P ¼ 0.057).

Table 3 Weight changes among groups

Baseline—operation Baseline—relaparotomy Operation—relaparatomy

Weight difference

P value

Weight difference

P value

Weight difference

P valueg % g % g %

Group 1 control þ1.42 þ0.88 0.573 �4.08 �2.52 0.004 �5.5 �3.37 0.013
Group 2 sham �14.66 �8.90 0.002 �16.75 �10.17 0.238 �2.09 �1.39 0.002
Group 3 shamþHBOT �11.0 �6.3 0.003 �10.5 �6.08 0.929 þ0.5 þ0.30 0.002
Group 4 CRT �30.25 �17.44 0.002 �28.59 �16.48 0.694 þ1.66 þ1.15 0.002
Group 5 CRTþHBOT �22.87 �12.9 0.002 �13.92 �7.9 0.060 þ8.95 þ5.83 0.015

(�), weight loss; (þ), weight gain; CRT, chemoradiotherapy; HBOT, hyperbaric oxygen treatment.

Table 4 Burst pressure and tissue hydroxyproline values of the experimental groups

Burst pressure (mmHg) Tissue hydroxyproline (lM/mg tissue)

Mean 6 SD Median Mean 6 SD Median

Group 1 control 132.58 6 26.99 137.00 12.05 6 4.14 10.91
Group 2 sham 110.67 6 18.57 106.50 14.96 6 5.84 13.71
Group 3 shamþHBOT 133.67 6 29.66 141.50 17.31 6 6.60 14.41
Group 4 CRT 100.83 6 21.15 102.50 24.28 6 7.95 22.92
Group 5 CRTþHBOT 123.42 6 18.75 127.00 19.43 6 7.50 17.68

CRT, chemoradiotherapy; HBOT, hyperbaric oxygen treatment; SD, standard deviation.
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Discussion

Because colorectal cancer surgery requires anasto-
mosis and anastomotic leakage is an important
cause of morbidity and mortality, and as well as
influences cancer-related outcomes and survival, the
risk factors for anastomotic leakage and the causes
affecting wound healing have been an attractive
issue to be investigated.10,11 In addition to the
surgical treatment, adjuvant treatment modalities
and their influence on wound healing and anasto-
motic leakage have been topics of research in some
experimental and clinical studies.12–14 However, the
effect of HBOT on colon anastomosis after neo-
adjuvant CRT has not been studied. In the present
experimental study, we investigated the effects of
HBOT on biochemical and mechanical parameters of
anastomosis healing after colon anastomosis in rats
that underwent preoperative CRT. Before 1970,
preoperative pelvic radiation (4000–6000 cGy) was
performed to enable surgical removal of rectal
tumors that invaded into adjacent organs and
successful results were obtained in 50% to 80% of
the cases.15–17 Along with preoperative RT, radia-
tion-induced toxicity decreases and the potential for
sphincter-preserving surgery increases.18–22 It has
also been suggested that preoperative RT causes
enteric complication less frequently than postoper-
ative RT.23 In addition, it has been shown that better
survival can be obtained with a decrease in tumor

mass and lymph node involvement.24–26 Recent
studies have evaluated the effects of CRT on
resectability. In 4 series of patients who underwent
preoperative combination therapy, complete histo-
logic response has been obtained by 12% to 29%
with surgery performed 4 to 6 weeks after full dose
radiation and with combined CRT performed for 5
or 6 weeks. After a follow-up period of 22 to 39
months, local recurrence rate was between 0 and 5%
and grade 3 toxicity rate was 21%.27–30 Despite all of
these studies showing that neoadjuvant CRT is an
effective treatment modality in the treatment of
colorectal cancer, risk for potential negative effects
of antineoplastics and RTs on wound healing leads
to a reluctance in using them. El-Malt et al31 reported
that preoperative CRT had no harmful effect on the
mechanical strength of colonic anastomosis. Besides
the studies defending that RT has negative effects on
anastomosis healing,5,32,33 there are also studies34–36

reporting that RT does not impair wound healing.
Various outcomes have been reported in the studies
investigating the effects of 5-FU on wound heal-
ing.31,37–42 Nonetheless, 5-FU is the cytotoxic agent
of choice in colorectal cancer CT and has the
characteristics of existing on the peritoneal surface
for long term and passing into the portal circulation
in high amounts.42 In the present study we used 5-
FU together with preoperative RT.

Ceelen et al43 investigated the effect of preoper-
ative high dose RT on colon anastomosis healing.

Fig. 1 The mean burst pressure values of the groups. Fig. 2 The mean tissue hydroxyproline levels of the groups.

Table 5 The severity of fibrosis in the groups

Severity of fibrosis Group 1 Control Group 2 Sham Group 3 ShamþHBOT Group 4 CRT Group 5 CRTþHBOT

0 (minimal) 2 — 1 — 1
1 (mild) 7 4 3 1 2
2 (moderate) 3 7 6 8 7
3 (severe) — 1 2 3 2

Data are presented as number.

CRT, chemoradiotherapy; HBOT, hyperbaric oxygen treatment.

YILDIZ HYPERBARIC OXYGEN AFTER PREOPERATIVE CRT IN COLON ANASTOMOSIS

38 Int Surg 2013;98



They found no difference in postoperative morbid-
ity between the groups receiving 40, 60, and 80 Gy of
RT. They also reported significant weight loss in the
RT group compared to the control group; however,
the changes in BP were not statistically significant.
El-Malt et al44 determined significant weight loss in
the rats that underwent colon anastomosis after
preoperative CRT compared to the control and sham
groups and suggested that weight loss was higher in
the groups receiving higher doses of CRT. The
investigators also observed that intra-abdominal
adhesion scores were higher in the groups receiving
higher doses of CRT and CT only, compared to the
control group. No significant change was observed
either at high or at low dose in the group receiving
CT only, and as well as no significant difference was
reported between the control group and the other
groups in terms of anastomotic BP. Biert et al40

investigated the effect of combined preoperative RT
and direct postoperative CT on healing of early
period of colonic anastomosis. They reported a
significant weight loss in the groups receiving CT
and a significant decrease in BP and tissue resistance
in the CRT groups. In their experimental study, de
Meerleer et al45 administered high doses of preop-
erative unilateral and bilateral RT and found that
weight loss and decrease in anastomotic BP were
more frequent in the rats receiving RT compared to
the control group. On the other hand, Seifert et al46

gave high doses of intraoperative RT and deter-
mined a weight loss of approximately 9% on
postoperative day 1. In the present study, when we
compared the control groups with the sham groups,
we determined that weight loss was present in all
groups due to the surgical stress. However, it was
more significant in the group received CRT, in
which diarrhea and food intolerance was also
observed. No weight loss was observed in the
control group within the period from baseline to
operation. There was a significant weight loss (8.9%)
in the sham group within the period from baseline
to operation, and it was 1.39% within the period
from operation to relaparotomy. A significant
weight loss (6.3%) was also observed in the
shamþHBOT group within the period from baseline
to operation. However, in the same group a
significant weight gain, by 0.30%, was observed
within the period from operation to relaparotomy.
Among all groups, the highest weight loss was
observed in the CRT group by 17.44% within the
period from baseline to operation. In the
CRTþHBOT group, significant weight loss was
observed (12.9%) within the period from baseline

to operation, as well as the highest weight gain was
observed (5.83%) in the same group within the
period from operation to relaparatomy compared to
the other groups. Thus, CRT led to food intolerance,
diarrhea, and remarkable weight loss in the rats.
There was weight gain when HBOT was started.

The time for BP measurement is controversial in
the studies performed on rats. Hendriks and
Mastboom4 reviewed many studies on this issue
and concluded that the burst occurred outside of the
anastomosis line during BP measurement per-
formed on day 4 of anastomosis. In addition, other
studies have suggested that burst occurring outside
of the anastomosis line is frequent during BP
measurements performed after postoperative day
5.47–51 In the present study, BP was measured on the
postoperative day 5. It was observed that burst
occurred outside of the anastomosis line in 4 rats. BP
values were lower in the sham and CRT groups
compared to the control group. In addition, the
mean BP was significantly lower in the CRT group
than in the control group (100.38 mmHg, 132.58
mmHg, respectively; P¼ 0.003). Although it was not
statistically significant, BP was higher in group 5
that received HBOT compared to group 4 (P¼ 0.06).
Higher BP values in the groups receiving HBOT
(groups 3 and 5) compared to their own control
groups (groups 2 and 4) suggested that HBOT had a
positive effect on tissue healing.

It has been shown that tissue healing is inversely
affected by low oxygen levels.9,25,52–54 HBOT shows
its effect by a double mechanism—increasing anti-
bacterial and tissue partial oxygen pressure in the
tissues with impaired integrity. Adequate tissue
oxygen pressure plays an important role in the
collagen matrix production, which forms the basis
of angiogenesis. Collagen matrix production and
tissue oxygen pressure, which play a role in
angiogenesis, are provided more effectively with
HBOT compared with normobaric oxygen in the
tissues exposed to radiation. Adequate tissue oxy-
genation enhances the efficacy of RT.19,20 There have
been studies on HBOT in the recent years. In these
studies, it has been recommended that HBOT be
given at least for 10 sessions, with each session
lasting 90 minutes. A shorter duration of HBOT
administration could not provide adequate tissue
oxygen level and that longer applications might lead
to unfavorable effects such as central nervous system
and pulmonary toxicity.52 In the present study, HBOT
was given twice a day at 8-hour intervals, each
session lasting 90 minutes. Studies investigating the
effect of HBOT on colon anastomoses are limited.
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Shandall et al7 showed that perianastomotic oxygen
tension was associated with dissociation energy,
dissociation tension, and hydroxyproline content.
Hamzaoğlu et al9 suggested that postoperative HBOT
increased colon anastomosis healing and repaired
ischemic damage. In another study from our insti-
tute, Yagci et al8 investigated the effect of HBOT on
ischemic and normal colon anastomosis and reported
that BP was significantly decreased in the rats that
underwent ischemic anastomosis compared to the
control rats that underwent normal anastomosis. In
that particular study, the investigators also reported
that adequate tissue oxygenation was the main factor
in wound healing and that HBOT had positive effect
on the biochemical and mechanical parameters. In
the present study, we obtained a decrease in BP
values in the CRT and sham groups compared to the
control group. The mean BP value was 132.58 mmHg
in the control group, whereas it was 110.67 mmHg in
the sham group and 100.83 mmHg in the CRT group.
The mean BP values were similar in the group that
received HBOT with those in the control group. The
mean BP value was 133.67 mmHg in the shamþH-
BOT group and 123.42 mmHg in the CRTþHBOT
group. The BP value was significantly lower in the
CRT group compared to the control group (P ¼
0.003). Although it was not statistically significant,
the BP value was higher in group 5 receiving HBOT
compared to that in group 4 (P¼ 0.06).

Analyzing collagen level is one of the methods
that is extensively used to assess wound and
anastomosis healing. Almost all of the hydroxypro-
line is found in collagen in vertebrates. Thus,
hydroxyproline is a favorable indicator to assess
collagen metabolism and collagen level.4,5 In the
present study we used tissue hydroxyproline level
to indicate the collagen level in the healing wound.
Biert et al40 determined a significant increase in
tissue hydroxyproline level in the therapy groups
compared to the control groups. In another study by
Biert et al,55 a decrease in the BP values was reported
on postoperative day 3. They detected that the burst
usually occurred in the suture line, but outside of
the suture line after postoperative day 7, and
reported that hydroxyproline level was significantly
increased on postoperative day 7, whereas no
significant increase was observed on postoperative
day 3. In another study,46 it was reported that
hydroxyproline level increased between months 6
and 18 due to collagen deposition in the anastomo-
sis site in the groups receiving RT; however, similar
increase was also observed in the control group. In
the present study, hydroxyproline level was signif-

icantly higher in the CRT group compared to the
control group (12.05 versus 24.28 lM/mg tissue; P¼
0.001). Hydroxyproline level was 19.43 lM/mg
tissue in the group receiving CRTþHBOT. Although
it was not statistically significant, decrease in the
hydroxyproline level values in the CRTþHBOT
group compared to those of the CRT group
suggested that HBOT positively affected tissue
healing. Kuzu et al56 investigated histologic changes
in anastomosis healing after CT and RT and found
an increase in the necrosis and inflammatory
exudate formation in the therapy groups. They
showed that delay in granulation tissue formation
and fibroblast proliferation significantly influenced
the therapy groups. Rocha et al57 showed that
hyperbaric oxygen therapy did not alter the me-
chanical resistance of anastomosis in distal colon of
rats in the presence of peritonitis. Murray33 found
that impairment due to an increase in the collagen
and protein synthesis in the early postoperative
colon surgery after radiation returned to the normal
levels on the fourth month. The investigator also
reported that stricture occurred in the collagen 1
year later and functional changes occurred, and that
a decrease was observed in the compliance of
intestinal wall due to the radiation. Seifert et al46

detected an increase in fibrosis with RT dose. In the
present study, histopathologic examination revealed
higher amounts of fibrosis in the CRT group
compared to that in the control group (P ¼ 0.008).
It was detected that HBOT decreased the fibrosis
formation; however, the difference was not statisti-
cally significant.

In conclusion, our results suggest that preopera-
tive CRT has unfavorable effects of colon anasto-
mosis healing. Such unfavorable effects are
decreased with HBOT, which influences biochemi-
cal and mechanical parameters of anastomosis
healing positively.
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