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Abstract

The healing of colorectal anastomoses after irradiation therapy contin-
ues to be a major concern. The authors evaluated the healing of rectal
anastomoses in a rat model after a preoperative 500-cGy dose of
cobalt60 irradiation. Thirty-six male Wistar rats were divided into two
equal groups: control (group A), and irradiation group (group B).
Group B received a single 500-cGy dose of irradiation, and a rectal
resection and end-to-end anastomosis was performed in both groups
on the 7th day after irradiation. Parameters of the healing process
included bursting pressure and collagen content on the 5th, 7th, and
14th days after surgery. In the irradiation group, the mean bursting
pressure on the 5th, 7th, and 14th days was 116, 218, and 273 mmHg,
respectively. The collagen content assessed by histomorphometry was
9.0, 20.8, and 32%, respectively. In contrast, the control group had a
mean bursting pressure of 175, 225 and 263 mmHg, and a collagen
content of 17.8, 28.1, and 32.1%, respectively. The adverse effect of
irradiation on healing was detectable only on the 5th postoperative
day, as demonstrated by lower bursting pressure (P < 0.013) and
collagen content (P < 0.008). However, there was no failure of
anastomotic healing such as leakage or dehiscence due to irradiation.
We conclude that a single preoperative 500-cGy dose of irradiation
delays the healing of rectal anastomosis in rats.
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Introduction

Preoperative radiotherapy and chemo-
therapy are used as standard treatment in
rectal carcinoma. Although several studies
have shown no significant rates of morbidity
and mortality, there is controversy about the
side effects of preoperative irradiation such
as impaired healing (1-16). Only a higher
incidence of perineal wound infection or
healing delay has been found, but no in-
creased risk of anastomosis failure (12).
Friedmann et al. (10) have shown that mod-

erate doses of cobalt60 (Co60) irradiation,
such as 4500 cGy, do not affect anastomosis
healing. However, there are still concerns
about the healing of rectal anastomoses (17),
which had led Minsky et al. (18) to recom-
mend a diverting stoma. Conflicting results
were also reported in experimental studies
using high and moderate doses of irradiation
(19-30). Heupel et al. (19) and Crowley et al.
(20) reported a good outcome of colon and
small bowel anastomoses, respectively, us-
ing a single 500-cGy preoperative dose of
irradiation in dogs. Higher doses, between
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2000 and 6000 cGy, have been related to
anastomosis failure, ranging from 20 to 80%
in experimental models (21-25). However,
Meese et al. (26) demonstrated that late ef-
fects of irradiation do not preclude the safe
construction of low anterior anastomoses
using 4000 and 5000 cGy preoperative irra-
diation doses in dogs. Degges et al. (23)
reported low bursting pressure using a 4500-
cGy irradiation dose in rats. If an optimal
timing between irradiation and surgery was
followed no difference was found. Weiber et
al. (27) evaluated the healing of lower left
anastomoses in rats using a 2000-cGy preop-
erative dose of irradiation and obtained simi-
lar results such as anastomotic complica-
tions, breaking strength and hydroxyproline
content of the suture.

There still are concerns about preopera-
tive radiotherapy even when low doses are
used and there are no experimental studies in
the literature showing the effects of low dose
irradiation on the healing of rectal anasto-
moses. We therefore performed an experi-
mental study using a single dose (500 cGy)
of Co60 irradiation to evaluate its effects on
rectal anastomoses healing.

Material and Methods

Thirty-six male Wistar rats were randomly
and equally assigned to a control group and
a irradiation group. A Theratron Jr irradia-
tion device (Theratronics International, Ltd.,
Knanta, Ontario, Canada), Co60 1.2 mev -
9.6 x 1012 (260 CI), was used to apply a
single 500-cGy dose to the pelvis at 3 cm of
depth for 30 min.

A laparotomy was performed on the 7th
day after Co60 irradiation under ether anes-
thesia. In a standardized procedure, rectal
dissection was performed to the upper bor-
der of the seminal vesicle and a 1-cm rectal
segment was excised. Then, an end-to-end
single layer anastomosis was performed with
full thickness interrupted 6-0 mononylon
sutures. The rectal specimens were fixed and

stained with hematoxylin and eosin for his-
tological study of the effect of the 500-cGy
dose of irradiation.

Healing parameters were assessed in 6
rats from each group on the 5th, 7th, and
14th days. The animals were anesthetized
with ether and the abdominal cavity and
rectal anastomosis were examined. The rec-
tal segment 1.5 cm below the anastomosis
was ligated with 3-0 cotton suture. An inci-
sion was performed 3 cm above the anasto-
mosis and a catheter was inserted into the
rectal lumen. Air was insufflated into the
catheter and bursting pressure was deter-
mined with a manometer. After bursting pres-
sure evaluation, the rectal segment including
the anastomotic line was excised for the
assessment of collagen content. Specimens
were fixed in 10% buffered formalin solu-
tion and embedded in paraffin for histologic
examination. Three sections were selected,
each obtained every 50 sections, and stained
with Masson’s trichrome to assess collagen
content. A histomorphometric technique
similar to those previously described by oth-
ers was employed (31,32). The collagen con-
tent of the granulation tissue along the anas-
tomotic line was measured by counting the
amount of fiber in 100-dot fields on a micro-
photograph slide projected at 120X magnifi-
cation.

Results

The single Co60 irradiation dose (500
cGy) was well tolerated by all animals. His-
tologic findings such as edema, vascular con-
gestion, microscopic ulcerations, and areas
of hemorrhage were detected in all animals
on the 7th day after irradiation.

There was no healing failure, leakage or
abscess in either group.

Bursting pressure

On the 5th day, 3 animals from the con-
trol group presented rectal rupture in an area
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outside the suture line during the assessment
of bursting pressure. No animals in the irra-
diation group presented such an event. After
the 5th day, both groups presented rupture in
an area outside of the suture line. The results
of bursting pressure are shown in Table 1.

Bursting pressure was significantly lower
in the irradiation group only on the 5th day
(P = 0.013), whereas no significant differ-
ences between groups were detected on the
7th or 14th day.

Assessment of collagen content

The results of histomorphometric analy-
sis are shown in Table 2. Collagen content
was significantly reduced in the irradiation
group only on the 5th day, while no signifi-
cant differences were found on the 7th or
14th day.

Discussion

There are no clear definitions of a low or
high dose of irradiation. The dose used in
radiotherapy influences the results and side
effects. Many radiotherapy schemes are used,
and the concept of nominal standard dose
(NSD = D x N0.24 x T0.11, where D = dose,
N = number of fractions, and T = overall
time) is used in order to standardize the
effects of irradiation. We chose a single Co60

irradiation dose of 500 cGy to avoid the
influence of fractionation and time.

The single 500-cGy dose was well toler-
ated by all animals. Histologic findings such
as edema, vascular congestion, microscopic
ulcerations, and areas of hemorrhage were
found in all animals on the 7th day. Similar
abnormalities were also reported by other
investigators (20-22,24,25,32-36). The thick-
ening and hyalinization of the arterial walls
reported in other experimental studies (19,
22,36) were not observed in the present study,
possibly due to the lower dose of irradiation
employed by us.

There was no leakage in the present study,

but experimental studies using higher doses
have shown leakage rates ranging from 20 to
80% (21,22,25,26).

Although bursting pressure is not the most
accurate assessment, it is closer to the physi-
ologic condition of leakage by increasing the
intra-luminal pressure than the breaking
strength assessment. The gain of both break-
ing strength and bursting pressure is due to
the healing process, mainly collagen synthe-
sis. Not only breaking strength but also burst-
ing pressure correlate positively with col-
lagen content. However, bursting pressure is
correlated with collagen content only during
the first 10 days of the healing process (37-
39).

Crowley et al. (20), using a dose of

Table 1. Bursting pressure (mmHg) of irradiated and control groups.

Control group Irradiation group

5th day 7th day 14th day 5th day 7th day 14th day

200 240 280 80* 160 240
190 240 260 80* 220 260
160* 220 220 120* 220 260
200 200 300 120* 220 280
180* 230 280 120* 240 300
120* 220 240 180* 250 300

Mean 175 225 263 Mean 116 218 273

*Rupture occurred along the suture line. P = 0.013, P = 0.469, and P = 0.294 when the
irradiation and control groups were compared on the 5th, 7th, and 14th days, respec-
tively (Mann-Whitney test).

Table 2. Assessment of collagen content by the morphometric index (%).

Control group Irradiation group

5th day 7th day 14th day 5th day 7th day 14th day

10.0 25.1 25.1 4.3 12.7 24.4
14.1 26.4 25.8 8.9 16.6 29.5
15.3 28.2 28.1 9.0 22.2 33.2
17.8 28.3 33.2 10.2 22.3 34.6
21.0 29.9 39.4 10.8 25.1 36.8
28.3 30.7 40.8 10.9 26.1 38.6

Mean 17.8 28.1 32.1 Mean 9.0 20.8 32.9

P = 0.008, P = 0.322, and P = 0.531 when the irradiation and control groups were
compared on the 5th, 7th, and 14th days, respectively (Mann-Whitney test).
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1500 cGy in dogs, did not find differences
between the control and irradiation groups
in animals submitted to small bowel anasto-
mosis and assessed for healing on the 7th
postoperative day (21,22). At this postop-
erative time, many studies have shown higher
bursting pressure at the anastomosis site than
in surrounding areas (37,38), with rupture
consequently occurring in the vicinity of the
suture line. This may be explained, at least in
part, by Laplace’s law: T = P x r, where T is
circumferential wall tension, P is transmural
pressure, and r is mean vessel radius. The
small diameter at the suture line due to thick-
ening of the bowel wall that occurs during
the normal healing process explains the lower
tension during bursting pressure assessment
at this level and higher tension occurs in the
vicinity of the anastomosis. Increased colla-
genase activity has also been observed in the
vicinity of the suture line and consequently
less collagen content has been found at this
site (40). Collagen synthesis begins as early
as on the third day. The side effects of irra-
diation may only delay the normal healing
process and assessment would not detect
this effect if done after the early phase of
healing.

Degges et al. (23) claimed that there is an
optimal time interval between irradiation and
surgery to ensure maximal colonic healing.
They used a 4500-cGy dose of irradiation in
rats and found no impaired healing if irradia-

tion was applied 10 days prior to surgery.
Biert et al. (29) reported no difference in
bursting pressure when irradiation was ap-
plied 5 days before surgery. They found
stenosis in spite of anastomosis rupture and
this overhealing was compensated for by
chemotherapy (28). A healing delay only
occurred if irradiation was associated with
hyperthermia (29).

Impairment of healing caused by a low
dose of irradiation may occur only during
the early phase, and therefore the evaluation
should be done prior to the completion of a
seven-day period after surgery. Experimen-
tal studies that assess the anastomosis after
this time may not detect this effect since we
only found low bursting pressure on the 5th
day. We conclude that a single 500-cGy dose
of Co60 irradiation does not affect the out-
come of a rectal anastomosis in rats, but may
delay the normal healing process.
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