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ABSTRACT

PURPOSE: To investigate the effects of preoperative fractioned irradiation using an electron beam on the healing process of colocolonic
anastomoses in rats that underwent early and late surgical intervention.

METHODS: Thirty Wistar rats, distributed as follows: group A (surgery only), group B (fractionated irradiation for 30 days (if), surgery
seven days after the end of it), group C (if for 30 days, and surgery after 30 days of termination). On the seventh postoperative day the
anastomotic segment analysis was taken, using tension tests, histology and collagen deposition evaluation by computerized analysis.
RESULTS: Regarding the tension resistance of the anastomosis, there were no statistical differences (p=0.42). However, a significant
increase in cells number in the inflammatory infiltrate in the group with a longer interval between surgery and pre op radiation (p<0.05).
The collagen concentration had no significant variance.

CONCLUSION: The irradiation in divided doses increased local inflammatory cellularity when the surgery was performed later. This
result did not affect the increase of complications, nor on the local concentration of collagen, achieving similar clinical outcomes.
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Effects of preoperative irradiation using fractioned electron beam on the healing
process of colocolonic anastomosis in rats undergoing early and late surgical intervention

Introduction

Rectal neoplasia is a frequent infirmity, in which surgical
treatment has presented up to 30% local recurrence. Through
introduction of the concept of total resection of the mesorectum, it
has been demonstrated that, when the oncologic precepts of such
cases are respected, the local recurrence rate is drastically reduced
(03 - 06%)".

With the use of neoadjuvant therapy, these values have
also been observed in more advanced stages of the neoplastic
lesion, and the disease-free period is significantly longer’. Another
advantage of preoperative radiotherapy is its capacity to sterilize
tumor cells in perirectal fat, thereby decreasing locoregional
reoccurrence’.

However, although the beneficial role of neoadjuvant
therapy has been well established in the literature, controversy
exists regarding the best time for surgical intervention after
preoperative fractioned irradiation. In surgery to treat neoplasia
performed 4-8 weeks after irradiation, lower toxicity and better
capacity for tumor cytoreduction have been observed*’.

The main advantage of early intervention, i.e. with an
interval of less than ten days from the last irradiation session, is
that this is a time at which the fibrotic and inflammatory reactions
caused by the neoadjuvant process are still at an initial stage and,
furthermore, do not interfere with the technical results. The rates
of complications, such as dehiscence of the anastomosis, are
significantly similar to the rates in groups that did not undergo
radiotherapy®’.

In an experimental study on rats, Lopes Paulo® found that
the deleterious effect of the irradiation caused significant changes
to the tissue repair process and to the collagen concentration and
tension strength of the anastomosis, thus contributing towards an
unfavorable result in the irradiated group. Similar results have been
observed by other authors®, and this partly justifies postponement
of surgery in clinical practice, to a time more than four weeks after
irradiation, thereby diminishing the inherent complications of this
procedure. Stevens et al.’ even recommended that the colorectal
anastomosis should be protected by means of a temporary
colostomy, because of the observed frequency of dehiscence.

The main discussion about the interval between
preoperative irradiation and surgery is based on the inherent risk
of complications from the colorectal anastomosis. Several groups
have presented comparative studies on the risks of dehiscence of
the anastomosis'’, but without analyzing the effects of this factor
relating to a prolonged fractioned irradiation strategy''.

The objective of the present study was to investigate the

effects of preoperative fractioned irradiation using an electron
beam on the healing process of colocolonic anastomoses in rats

that underwent early and late surgical intervention.

Methods

Study was approved by the Research Ethics Committee
of the Federal University of Sao Paulo (CEP UNIFESP Project
No. 0159/07).

Thirty Wistar rats were randomly distributed into
three groups of 10 animals each: group A (anastomosis
without irradiation); group B (fractioned irradiation and early
implementation of the anastomosis, seven days after the last
irradiation); group C (fractioned irradiation and late implementation
of the anastomosis 30 days after the last irradiation)

The anesthetic procedure used ketamine hydrochloride
(Ketalar®) at a dose of 10 mg/kg and the sedative, analgesic and
2-(2,6-xylidine)-5,6-dihydro-4H-1,3-thiazine

hydrochloride (Rompun®) at a dose of 0.1 mg/kg, and was uniform

muscle relaxant
to all the animals. After anesthesia, irradiation was administered
with the animal in a supine position. The field to be irradiated was
determined at a distance of at least 50 mm from the genitalia, by

means of illuminating the area (Figure 1).

FIGURE 1 — Irradiation field illuminated.

The equipment used for the sessions was a Siemens
Mevatron MXE® linear accelerator. The total dose calculated for
the study was 660 cGy, which was administered as fractioned
doses of 165 cGy, applied once a week, on four consecutive
weeks. The final irradiation calculated for a 6 MV device was 660
cGy, which had the biological equivalence of a total dose of 4,500
cGy applied on a daily basis of 225 cGy, five days a week for four
consecutive weeks.

The animals in group B underwent the surgical procedure
on the seventh day after finishing the four sessions of irradiation,
while the animals in group C underwent surgery on the 30" day after

finishing the irradiation. The control group (group A) underwent
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surgical intervention together with group B. All the animals
underwent the anesthesia described above. The incision was made
5 cm above the anal margin. After transversally sectioning the
colon using scissors, the edges were repaired and anastomosis was
carried out in a single layer, with a total of eight separate stitches
using Vicryl® 6-0, always beginning at the cardinal points (Figure
2). The incision was closed in layers, with a continuous stitch

using nylon 4-0.

FIGURE 2 — Repair stitches (blue arrows) and anastomosis (yellow
arrow) using vicryl 6-0.

For the evaluation under the microscope, sections of 5
microns in thickness were obtained from the surgical specimen
in the areas of intense inflammatory process near the line of
the anastomosis. Each slide was prepared bearing two sections
from the specimen, such that a total of three slides per staining
per animal were prepared. From these, the number of cells/
pm? per animal was obtained. The histological analysis and the
evaluation of the amount of collagen were carried out by means
of computerized morphometry, using the Axionvision Imagelab
2000® software (Figure 3). These analyses were performed by an
independent observer who was blinded regarding the identity of

the groups analyzed.

FIGURE 3 — Photomicrograph of the anastomosis area, at magnification
40x; optical microscopy with H staining, showing the inflammatory
process at the healing area.

To analyze the results, Student’s t test, Fisher’s exact test

and variance analysis were applied.
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Results

Four animals died due to the anesthesia and surgical
procedure, three in the pilot group and one in the C group. During
evaluation of the bursting pressure of the colon wall, all animals
were found to present the section on the line of the anastomosis.
Four animals (one from the control group, two from group B
and one from group C) presented rupture of the anastomosed
area occurring just by manipulating the segment. The statistical
analysis did not show any significant differences among groups
A, B and C, i.e. between the control group and the groups that

underwent irradiation (Table 1).

TABLE 1 - Distribution of the frequencies of anastomosis

bursting pressures among the study groups.

Ruptured b Ruptured with Ruptured with
GROUP marl:i ula tioi; pressure less than | pressure more
P 100 mmHg than 100 mmHg
A 0 8
B 2 2 5
C 1 2 5

Fisher’s exact test p=0.42

Regarding the cellularity of the inflammatory process, the
computerized histological analysis showed that group A presented
a mean of 0.0048 cells/um?, with a standard deviation of 0.00073
and variance of 0.00000055. In group B, the mean was 0.0054
cells/um?, with a standard deviation of 0.00093 and variance of
0.0000008. In group C, the mean observed was 0.0073 cells/um?,
with a standard deviation of 0.0011 and variance of 0.0000012. All
groups presented normal distribution (Table 2).

When compared between each other, groups A and B
did not present statistically significant variations. However, the
comparison between the control group (A) and group C showed
significant values, with greater cellularity in the inflammatory
process of group C. When comparing groups A and C and groups
B and C, significant differences were observed among them, with

greater numbers of cells in group C (Table 3).
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TABLE 2 — Distribution of the cellularity values for the animals in groups A and C, expressed as mean values and respective

standard deviations.

Standard
Group Mean L. Variance Animal
deviation
Al A2 A3 A4 AS A7 A8 A9 A10
A 0.0048 0.0073 0.00000055 0.0051 0.0043 0.0052 0.0032 0.0059 0.0048 0.0049 0.0050 0.0053
C1 C2 C3 C4 C5 Cé C8 Cc9 C10
C 0.0073 0.0011 0.0000012 0.0073 death 0.0076 0.0076 0.0053 0.0066 0.0073 0.0089 0.0086
p=0.000064*

TABLE 3 - Distribution of the cellularity values for the animals in groups B and C, expressed as mean values and respective

standard deviations.

Standard . .
Group Mean Lo Variance Animal
deviation
B1 B2 B3 B4 BS B6 B8 B9 B10
0.0054
B 0.00093 0.000008 0.0046 0.0056 0.0060 0.0053 0.0049 0.0066 0.0070 0.0047 0.0043
C1 C2 C3 C4 C5s Cé6 C8 Cc9 C10
C 0.0073 0.0011 0.0000012 0.0073 death 0.0076 0.0076 0.0053 0.0066 0.0073 0.0089 0.0086
p=0.0015%*

The mean collagen volume found in group A was 0.85,

with a standard deviation (SD) of 0.66. The variance observed in

this group was 0.4. In group B, the mean collagen volume was 0.40,

with SD of 0.19 and variance of 0.04; and in group C, the mean

collagen volume was 0.54, with SD of 0.3 and variance of 0.09.

When compared, the collagen analysis did not show statistically

significant differences among the groups (Tables 4, 5 and 6).

TABLE 4 — Distribution of the collagen volume for the animals in groups A and B, expressed as mean values and respective

standard deviations.

Standard
Group Mean L. Variance Animal
deviation
A Al A2 A3 A4 A5 A7 A8 A9 Al10
0,85 0,66 0,4 2,35 1,33 0,93 0,38 0,37 0,55 0,42 0,92 0,33
B B1 B2 B3 B4 B5 B6 B8 B9 B10
0,40 0,19 0,04 0,72 0,32 0,67 0,22 0,13 0,50 0,37 0,45 0,27
p=0.074

TABLE 5 — Distribution of the collagen volume for the animals in groups A and C, expressed as mean values and respective

standard deviations.

Standard . .
Group Mean L Variance Animal
deviation
A Al A2 A3 A4 A5 A7 A8 A9 Al10
0,85 0,66 0,4 2,35 1,33 0,93 0,38 0,37 0,55 0,42 0,92 0,33
C C1 C2 C3 C4 Cs Co C8 Cc9 C10
0,54 0,3 0,09 0,48 death 0,66 0,62 0,48 0,33 0,17 0,35 0,50
p=0.14

Acta Cirurgica Brasileira - Vol. 28 (1) 2013 - 75



Simoes Neto J et al.

TABLE 6 — Distribution of the collagen volume for the animals in groups B and C, expressed as mean values and respective

standard deviations.

Standard
Group Mean . Variance Animal
deviation
B Bl B2 B3 B4 B5 B6 BS BY B10
0,40 0,19 0,04 0,72 0,32 0,67 0,22 0,13 0,50 0,37 0,45 0,27
C C1 C2 C3 C4 C5 Co6 C8 C9 C10
0,54 0,3 0,09 0,48 death 0,66 0,62 0,48 0,33 0,17 0,35 0,50
p=0.46
Discussion the irradiation presented similar mean cellularity values, as well as

The use of neoadjuvant therapy in cases of malignant
rectal neoplasia has been under discussion for many years. The
initial surgical results, dating from the 1950s, showed high
incidence of local recurrences, with severely compromised quality
of life. These recurrences led to the death of the patients.

Tumor reduction achieved through preoperative
radiotherapy allows surgeons to carry out wide and safe resections
of the neoplasia, especially at its radial margins. This method is
also effective in preventing locoregional recurrences, because it
has the capacity to sterilize the tumor cells that are commonly
present in the perirectal tissue?.

Reis Neto et al.? demonstrated that use of fractioned
preoperative radiotherapy at a total dose of 4,000 cGy caused
changes to tumor cell behavior, thereby increasing the number
of differentiated cells by up to 44%. Preoperative radiotherapy
has also been shown to be more effective than postoperative
radiotherapy at equivalent doses, because the blood flow and
consequently the cell oxygenation are preserved, thus favoring
up to three times more occurrences of cell apoptosis among the
neoplastic cells'?.

Recently, the Brazilian College of Surgeons published
a consensus bulletin on malignant rectal infirmities, in which
neoadjuvant therapy was recommended for some types of tumors.

However, there is no consensus regarding the length of
the interval between the end of the radiotherapy and the surgical
operation. The discussion about the length of this interval is based
on the inherent risks of complications of the colorectal anastomosis
and on the efficiency of involution of the tumor tissue. The
morbidity relating to associate therapies seems to be lower when
such therapy is carried out prior to the surgical operation'?.

The animals in the control group and those that

underwent surgery with an interval of seven days after the end of
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similar collagen concentrations.

It was observed that the animals that underwent the late
surgical procedure presented increased cellularity, although no
significant change in collagen concentration was found through
this method.

This information is corroborated by the findings of
Biert et al.'*, who demonstrated through experimental models
that there were no significant differences between the collagen
concentrations in the anastomosis area. However, conclusions
solely based on collagen concentrations need to be considered
with caution, because these concentrations may be influenced by
substances other than collagen'>.

Since there is no standardization of any adequate analysis
for structurally qualifying collagen molecules and correlating these
characteristics with the resistance of the anastomosis, the current
studies may demonstrate some degree of bias. Experimental
studies that mention the bursting pressure of the anastomosis have
only taken into account the mechanical force exerted on it'.

Activation of metalloproteinases interferes with the
degradation of the extracellular matrix and, according to Seifert
et al.", may be directly related to the tension strength of the
anastomosis and its possible dehiscence.

Steirfert et al'® and Kuzu et al' made similar
observations in studies on rats, in which their first group underwent
intraoperative radiotherapy over the anastomosis line and the
second underwent external radiotherapy consisting of a single
dose over the left colon. Both authors observed a decrease in the
amount of collagen in the anastomosis area.

However, these findings were not in agreement with
those of Weiber et al.?°, who studied rats undergoing irradiation
and did not demonstrate any significant alterations in the collagen
concentrations at the anastomosis line between the control group

and the experimentation group.
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It is also important to emphasize that, due to

methodological variations in observation and assessment of the
inflammatory and healing processes (represented by cellularity),
as well as in quantification of the collagen concentrations in
the animal experimentation models presented in the literature,
extrapolation of results and comparisons with other animal models

need to be done sparingly.

Conclusion

Fractioned irradiation on the colorectal tissue of the
animals used promoted a greater cellular inflammatory reaction
when the surgical procedure and the anastomosis were carried
out at a later stage. This result did not cause any increase in the
observed complications, nor did it influence the expected outcome,

thus achieving similar results from a clinical point of view.
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