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ABSTRACT 
PURPOSE: To investigate the effects of pneumoperitoneum on colonic anastomosis healing. 
METHODS: Colonic anastomosis was performed in 120 rats divided into four groups: Group I - pneumoperitoneum before laparotomy, 
Group II - pneumoperitoneum after laparorrhaphy, Group III - pneumoperitoneum before laparotomy and after laparorrhaphy, Group 
IV – no pneumoperitoneum (control group). Pneumoperitoneum pressure was 5 mmHg. Animals were killed on the 3rd, 7th and 14th 
postoperative day. Hhistopathological features, anastomosis breaking strength, collagen histomorphometry and hydroxyproline 
concentration were assessed. 
RESULTS: Breaking strength between groups: (day 3, p = 0.165; day 7, p = 0.219; day 14, p = 0.539). Histopathology revealed that 
group II had, on day 7, less infiltration of mononuclear cells (p = 0.006), greater infiltration of polymorphonuclear cells (p = 0.001) 
and greater necrosis (p = 0.001); and on day 14, less fibrosis. Histomorphometry revealed a decrease in collagen in groups I and III 
(p < 0.001) on day 7 and an increase in groups I and II on day 14 (p < 0.001). Hydroxyproline concentration was similar for groups on 
days 3 (p = 0.152), 7 (p = 0.913) or 14 (p = 0.981).
CONCLUSION: Carbon dioxide does not impair the healing of colonic anastomosis in rats. 
Key words: Pneumoperitoneum, Artificial. Carbon Dioxide. Anastomosis, Surgical. Wound Healing. Colon. Rats.
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Introduction

The ability of the human body to heal a gastrointestinal 
anastomosis is a fascinating event. Although many improvements 
have been made in colorectal surgery, anastomotic failure still 
occurs and has devastating consequences for patients1.

Several factors that compromise the healing of 
colonic anastomosis, particularly the frequency of anastomotic 
leakage, have been studied2-6. Tension-free anastomosis, good 
vascularization, and the use of appropriate sutures and staples, for 
example, reduce the risk of anastomotic fistulas1. 

Laparoscopy is a rather new form of surgery. The 
first laparoscopic surgery in the gastrointestinal tract was an 
appendectomy in 1983, followed in 1987 by a cholecystectomy6.  
In 1990, Jacobs performed the first laparoscopic colectomy7. After 
the publication of the Clinical Outcomes of Surgical Therapy 
(COST) study in 2004, which demonstrated that laparoscopy had 
similar results to those of open surgery in the treatment of colon 
cancer, but better postoperative outcomes8, many surgeons were 
excited about the procedure. Major studies were conducted and 
demonstrated the safety of laparoscopic surgery in oncology9-14.

Pneumoperitoneum is used in laparoscopic surgery to 
provide adequate surgical exposure. 

Despite the increasingly frequent use of 
pneumoperitoneum in colorectal surgery, few studies have 
evaluated its effect on the healing of intestinal anastomosis15-21.

The most commonly used gas for pneumoperitoneum 
is carbon dioxide (CO2). It has low toxicity and is inexpensive. 
However, it can cause hypercapnia, acidemia and pulmonary 
hypertension22-24. 

Increased intra-abdominal pressure caused by 
pneumoperitoneum may lead to systemic effects, such as acid-base 
imbalance, blood gas alterations, and pulmonary, cardiovascular, 
and renal impairment25-28. Another important result of increased 
intra-abdominal pressure is a decrease in splanchnic blood flow, 
which may lead to ischemia of the colon during laparoscopic 
colectomy and increase bacterial translocation and fistulas17.

Previous studies that evaluated the use of 
pneumoperitoneum for intestinal anastomosis reported different 
and sometimes contradictory results15-21. The pressure in rats that 
best correspond to the pressure used in laparoscopic surgery in 
humans is 5 mmHg20,29,30, which is the pressure we used in this 
study.

 This study evaluated the possible effects of 
pneumoperitoneum with carbon dioxide in the healing of colonic 
anastomosis.

Methods

This study was approved by the Ethics Committee on 
Animal Use of the Institute of Biological Sciences (protocol UnB 
doc n° 46986/2008). 

This study was conducted in the Laboratory of 
Experimental Surgery of the School of Medicine, University of 
Brasilia (UnB), in collaboration with the Institute of Tropical 
Pathology, Federal University of Goias (UFG), and Laboratory of 
Biochemistry, Liver Transplantation and Experimental Surgery, 
School of Medicine of Ribeirao Preto (USP).

A total of 120 male Wistar rats aged about 90 days were 
used. After one week of acclimatization, the animals were kept in 
cages under a 12-h light: dark cycle with free access to a standard 
laboratory diet and water. 

Animal weight was measured and recorded immediately 
before surgery and on the day that they were killed (Mars electronic 
scale, model AS5500 C, Mars Scales and Precision Equipment 
Ltd, Sao Paulo, Brazil).

The anesthetic and surgical procedures were supervised 
by veterinary staff, and the operations were performed by a single 
surgeon. The 120 rats were randomly divided into four groups of 
30 animals, as follows: 

Group I - 30 minutes of pneumoperitoneum before 
laparotomy.

Group II - 30 minutes of pneumoperitoneum after 
laparorrhaphy. 

Group III - 30 minutes before laparotomy and 30 minutes 
after laparorrhaphy.

Group IV – no pneumoperitoneum (control group).

Surgical and anesthetic procedures

The animals were anesthetized with IM xylazine (10 mg/
kg) and ketamine hydrochloride (75 mg/kg). 

In groups I and III, a Veres needle was introduced 
intraperitoneally in the midline 1 cm below the umbilicus. 
Pneumoperitoneum was established at a pressure of 5 mmHg for 
30 minutes (25L Laparo Insufflator, Endoview, Recife, Brazil), 
and laparotomy was performed. In groups II and IV, laparotomy 
was performed without prior pneumoperitoneum.

A colon segment between 2.5 and 3.5 cm proximal to 
the peritoneal reflection was resected in all animals. An end-to-
end anastomosis was performed using running 6-0 polypropylene 
suture (Brasuture, Sao Sebastiao da Grama, Brazil). The resected 
segment was washed, and the right mesenteric quadrant was isolated 
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and frozen at -70°C to determine hydroxyproline concentration. 
In groups II and III, the Veres needle was introduced into the 
abdominal wall under direct vision before suturing the abdominal 
wall. The abdominal wall was closed using a 5-0 polypropylene 
(Brasuture, Sao Sebastiao da Grama, Brazil) running suture.

In groups II and III, pneumoperitoneum was performed 
at a pressure of 5 mmHg for 30 minutes after the abdominal wall 
was sutured. 

Postoperative procedures

After anesthetic recovery, the animals were kept in cages 
in groups of four (one from each experimental group). Animals 
that died underwent necropsy to determine the cause of death. The 
groups were subdivided into three subgroups of ten animals, which 
were killed on the 3rd, 7th or 14th postoperative day (POD). On the 
sacrifice day, after the induction of anesthesia, a 4 cm segment 
of bowel around the anastomosis was removed.  The segment 
removed was cut in half between the mesenteric and the anti-
mesenteric borders. The left segment underwent breaking strength 
testing. The right segment was divided in half. The mesenteric 
fragment was immersed in a solution of 0.9% NaCl and frozen 
at - 70°C to determine the hydroxyproline concentration. The right 
anti-mesenteric quadrant was fixed in 10% buffered formalin for 
histopathological examination and quantitative analysis using 
collagen histomorphometry. 

The animals were killed with an overdose of sodium ethyl 
thiobarbiturate (Thionembutal, Abbott Laboratories of Brazil Ltd., 
Sao Paulo, Brazil) injected into the vena cava.

Breaking strength of the anastomosis

The breaking strength of the anastomosis was tested 
using a Versa Test vertical test apparatus (Mecmesin Versa Test, 
Slinfold, West Sussex, United Kingdom) coupled to an AGF 
portable digital dynamometer (Panambra Industry Technical 
SA, Cambuci, Brazil). The rectangular fragment extracted and 
prepared for the test was fixed at both ends with the surgical scar 
at 0.5 cm between the clamps. The speed of the test was 25 mm/
min, and the rupture value was expressed in Newtons (N).

Biochemical study

The concentration of hydroxyproline was measured 
for each animal during the operation (pretest sample) and the 
reoperation (posttest sample). Hydroxyproline concentration 

was determined in standardized anastomosis samples using 
the method described by Segemann and Stalder and modified 
by Medugorac4,5,31,32. The concentration of hydroxyproline was 
expressed in milligrams of hydroxyproline per gram of tissue.

Collagen histomorphometry

Histomorphometry of collagen in the perianastomotic 
regions was qualitatively evaluated using slides stained with 
picrosirius and imaged digitally. Images were captured using 
a Sony S85 digital camera (Sony Corporation, Tokyo, Japan) 
coupled to a Zeiss light microscope Axion Star (Carl Zeiss Vision, 
Ulm, Germany). Resolution was 1280 x 960 pixels, and all images 
were analyzed using the ImageJ software (Wayne Rasband, 
Research Services Branch, National Institute of Mental Health, 
Bethesda, MD, USA). 

Histopathological study 

After fixation in 10% buffered formalin, the specimens 
were prepared for paraffin blocks. Sections perpendicular to 
the anastomosis were stained with hematoxylin and eosin. An 
experienced pathologist blinded to animal group assessed healing 
using light microscopy.

The following characteristics were evaluated in each 
specimen: congestion, edema, hemorrhage, focal necrosis, 
mononuclear infiltration, polymorphonuclear infiltrate, 
neovascularization, granulation, fibrosis, abscess and ulceration.

Statistical analysis 

Results were analyzed using SPSS 13.0, SigmaStat 2.0 
and Microsoft Excel. Statistical analysis of deaths was performed 
using a chi-square test. To compare weights, we used analysis 
of variance (ANOVA). The Kruskal-Wallis test was used to 
compare breaking strength values. The Fisher exact test was used 
to compare histopathological findings. To test the deposition of 
hydroxyproline and collagen histomorphometry, the Kruskal-
Wallis test and the Dunn procedure for multiple comparisons were 
used. The level of significance was set at 5% (p < 0.05). 

Results

Clinical progression

Of the 120 animals, six died during the experiment: four 
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in Group I (one evisceration, one blocked fi stula and two unknown 
causes), one in Group II (unknown cause) and one in Group IV 
(unknown cause). Although deaths were more frequent in group I, 
this difference was not statistically signifi cant (p = 0.097). 

Animal weight
Baseline animal weight ranged from 312 g to 430 g (mean: 

353.9 g), and fi nal weight, from 273 g to 429 g (mean: 335.6 g). 
ANOVA revealed that there were no statistical differences between 
weights in the different groups on the same postoperative day (3rd 
POD, p = 0.719; 7th POD, p = 0.195; 14th POD, p = 0.651), but 
the difference between the three days was statistically signifi cant 
(p < 0.0001) (Figure 1).

FIGURE 1 - Mean and standard deviations of animal weight on 
operation day and sacrifi ce day. Values are expressed in grams. There 
were no statistical differences in weight changes between groups on same 
postoperative day (day 3, p = 0.719; day 7, p = 0.195; day 14, p = 0.651). 
There was a signifi cant difference in weight change between sacrifi ce 
days (p < 0.0001).

Breaking strength of the anastomosis

There were no statistically signifi cant differences 
between groups on the 3rd POD (p = 0.165), 7th POD (p = 0.219), 
or the 14th POD (p = 0.539). However, there was a signifi cant 
difference when comparing the three days (p < 0.0001) (Figure 2).

FIGURE 2 - Mean and standard deviation of breaking strength of 
anastomosis in all groups on different sacrifi ce days. Values are expressed 
in N. There were no signifi cant differences between groups on day 3 
(p = 0.165), day 7 (p = 0.219) or day 14 (p = 0.539). There was a signifi cant 
difference when different sacrifi ce days were compared (p < 0.0001).

Hydroxyproline levels

Hydroxyproline levels were measured in samples 
obtained during the fi rst operation (pretest) and at the time of 
reoperation (posttest). The pretest samples had no signifi cant 
differences between Groups I and III (pneumoperitoneum before 
sample collection; 1.09 mg/g ± 0.24 mg/g) and Groups II and IV 
(no pneumoperitoneum before sample collection; 1.14 mg/g ± 0.32 
mg/g; p = 0.699). 

There was a decrease in the mean value of hydroxyproline 
on sacrifi ce day (posttest) for all fi nal time points compared with 
the day of operation (pretest).

There were no statistically signifi cant differences in 
the hydroxyproline concentration between groups on the day 
the animals were killed (posttest; 3rd POD, p = 0.152; 7th POD, 
p = 0.913; 14th POD, p = 0.981).

There was a gradual and signifi cant increase in the 
amount of hydroxyproline according to sacrifi ce day (p < 0.001; 
Figure 3).

FIGURE 3 - Mean and standard deviation of hydroxyproline 
concentration on operation day and sacrifi ce day. Values are expressed in 
mg/g. There was a decrease in hydroxyproline concentration on sacrifi ce 
day compared with operation day at all time points. Comparisons on 
sacrifi ce day revealed no differences between groups (day 3, p = 0.152; 
day 7, p = 0.913; day 14, p = 0.981).

Histomorphometric study of collagen 

There were no statistically signifi cant differences in 
collagen between groups sacrifi ced on the 3rd POD (p = 0.196). 
Among the animals sacrifi ced on the 7th POD, there was a 
signifi cant decrease in the amount of collagen in Groups I and 
III compared with Group IV (control) (p < 0.0001). Among the 
animals sacrifi ced on the 14th POD, there was a signifi cant increase 
of collagen in Groups I and II compared with the control Group 
(IV) (p < 0.0001) (Figure 4).
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FIGURE 4 - Mean value and standard deviation of collagen in colonic 
anastomosis in all groups on different sacrifice days. Values are expressed 
in percentage of pixels. There were no significant differences in collagen 
in animals sacrificed on day 3 (p = 0.196). On day 7, there was a decrease 
in amount of collagen in Groups I and III compared with control group 
(IV) (p < 0.0001)*. On day 14, there was an increase in amount of collagen 
in Groups I and II compared with control group (IV) (p < 0.0001)**.

Histopathology

The histopathological examination of specimens from 
animals sacrificed on the 3rd POD showed a predominance of acute 
phenomena characterized by congestion, edema, hemorrhage, 
polymorphonuclear infiltrate and focal necrosis (Figure 5). 

In animals sacrificed on the 7th POD, there were 
simultaneous acute and chronic phenomena characterized by 
polymorphonuclear infiltrate, increased mononuclear infiltrate, 
fibrosis, neovascularization and granulation. There was less 
mononuclear cell infiltration (p = 0.006), greater polymorphonuclear 
infiltrate (p = 0.001) and more necrosis (p = 0.001) in group II 
compared with group IV (Table 1) (Figure 5).

TABLE 1 - Histopathological analysis of the animals 
killed seven days post-operatively. Minimum, maximum and 
sum of values of necrosis, mononuclear and polymorphonuclear 
infiltrations, in which absent is 0, low is 1, moderate is 2, high is 
3 and intense is 4.

Group Necrosis
   min/max     sum

Mononuclear
     min/max     sum

Polymorphonuclear
   min/max     sum

I-7       1/4         10   3/5         10        2/5         10

II-7       1/5         10   2/4         10        3/5         10

III-7       2/5         10    3/5         10        2/5         10

IV-7       1/3          9    3/5          9        2/4          9

In animals sacrificed on the 14th day, acute inflammation 
had disappeared and intense fibrosis was seen. There was a 
statistically significant decrease in fibrosis in Group II compared 
with Group IV (p < 0.0001) (Figure 5) (Table 2).

FIGURE 5 - A) Photomicrograph showing histopathological features 
of specimen in Group II (left – HE stain, x100) and Group IV (right – 
HE stain, x200) taken on the 3rd POD. B) Photomicrograph showing 
histopathological features of Group II (left – HE stain, x400) and Group 
IV (right – HE stain, x400) on the 7th POD. There was less mononuclear 
cell infiltrate (p = 0.006) and greater polymorphonuclear infiltrate 
(p = 0.001) and necrosis (p = 0.001) than in group II and group IV. C) 
Photomicrograph showing histopathological features of Group II (left – 
HE stain, x25) and Group IV (right – HE stain, x25) on the 14th POD. 
There was a decrease in fibrosis in Group II compared with Group IV 
(p < 0.0001).

TABLE 2 - Histopathological analysis of the animals 
killed 14 days post-operatively. Number of animals with fibrosis 
at the surgical site, at various grades, from absent to intense.

Group Absent
(0)

Low
(+)

Moderate
(++)

High
(+++)

Intense
(++++)

Total

I-14 0 0 0 8 0 8
II-14 0 0 4 5 1 10
III-14 0 0 1 3 5 9
IV-14 0 0 0 0 10 10
Total 0 0 5 16 16 37

Discussion 

Laparoscopy has become increasingly more frequent in 
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the practice of colorectal surgeons. The benefits of this procedure 
to patients, such as shorter hospitalization, less postoperative pain, 
and earlier return of bowel function, are indisputable. Oncological 
results similar to those of open surgery have also been reported by 
several studies, leading to an increasing demand for this type of 
surgery9-14.

Colonic anastomosis leakages are complications 
associated with high morbidity and mortality rates. Despite the 
increasingly frequent use of pneumoperitoneum in surgical 
procedures, especially in colorectal surgery, its effect on the 
healing of colonic anastomosis is controversial, which motivated 
this present study.

The animal chosen for the study was the Wistar rat, which 
has been used in several studies to evaluate healing of intestinal 
anastomosis5,15,17-21. The time points scheduled for reoperation 
and animal sacrifice represent three stages of healing: exudative 
or acute inflammatory response, proliferative fibroplasia and 
remodeling of mature collagen33.

Three mechanisms may affect intestinal healing in 
laparoscopic surgery: increased intra-abdominal pressure, the type 
of gas used and the time of exposure to the pneumoperitoneum. 

Increased abdominal pressure occurs in various clinical 
situations, such as ascites, abdominal distension, ileus, mechanical 
obstruction, reduced hernia, pancreatitis, sepsis and trauma. 
Pressures above 20 mmHg indicate intra-abdominal hypertension, 
which is accompanied by significant deleterious abdominal and 
systemic effects25. Laparoscopic surgery uses carbon dioxide (CO2) 
to visualize the abdominal cavity, leading to increased abdominal 
pressure. The pressure used in laparoscopic surgery in humans is 
12-15 mmHg. This pressure allows for good visualization of the 
peritoneal cavity with few metabolic and cardiovascular effects. 
In this study, the pneumoperitoneum in rats was achieved at 
a pressure of 5 mmHg, as several studies have shown that this 
pressure in rats corresponds to the pressure used in laparoscopic 
surgery in humans20,29,30. To our knowledge, there is no other study 
about the healing of the colon using this pressure in different times 
of the operation.

The length of exposure to pneumoperitoneum may affect 
the healing process, but in a study by Ozer et al.19

 the duration of 
pneumoperitoneum did not change histopathological parameters 
or hydroxyproline concentrations.

CO2
 is used by plastic surgeons, dermatologists and 

angiologists to increase circulation and tissue perfusion34. In 
laparoscopy, the hypercapnia induced by CO2 may lead to 
peripheral vasodilation, which may increase oxygenation in the 
anastomotic region and improve healing20. The overall mortality 

in our study was 5%, which is consistent with the rates between 
0 and 11% reported in previous studies about anastomotic healing 
in rats5,15,17-21,35. There were no significant differences in number of 
deaths according to group.

The animals initially lost weight, but recovered their initial 
weight between the 7th POD and 14th POD, which is consistent 
with the literature35. There were no significant differences in the 
weight of animals killed on the same POD, which suggests that 
pneumoperitoneum performed with CO2 does not produce the 
metabolic changes that are followed by weight loss.

The breaking strength of the anastomosis provides rapid, 
accurate and reproducible results36. In this study, no significant 
differences between groups were found, but the values in group III 
(pneumoperitoneum before laparotomy and after laparorrhaphy) 
were higher than in the other groups at all postoperative days. 
Group III best represents laparoscopic colectomy, during which 
pneumoperitoneum is performed for the dissection, paused to 
remove the specimen and perform the surgical anastomosis or 
place the staples, and then restored to review the abdomen and 
the anastomosis. Our findings, therefore, suggest that laparoscopic 
surgery is safe for colonic anastomosis.

We found no significant differences in hydroxyproline 
concentration between groups, but the mean and median 
concentrations were higher in all treated groups than in the control 
group, which suggests that the pneumoperitoneum does not affect 
the formation of collagen.

No significant differences were found  in collagen 
deposition on the 3rd POD. On the 7th POD, the amount of collagen 
was lower in groups I and III than in the control group. However, 
on the 14th POD, there was an increase in the amount of collagen 
in groups I and II, which may indicate that there is a delay in the 
healing process on the 7th POD, but a recovery and improvement 
by the 14th POD.

Histopathological examinations found acute phenomena 
on the 3rd POD, which progressively changed to chronic phenomena 
on the 7th and 14th POD. The significant differences between 
group II and the control group suggest that healing is delayed in 
this group. In rats that received pneumoperitoneum after suture, 
Kologlu et al.18 found delayed healing up to the 4th POD, when the 
animals were killed. 

Our review of studies in the literature revealed that 
anastomotic healing was worse when rats were exposed to high 
intra-abdominal pressures that corresponded to human intra-
abdominal hypertension15,17 or to prolonged pneumoperitoneum18. 
Studies with rats that used pressures corresponding to those 
used in laparoscopic surgery in humans found no worsening of 
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healing20-21. 
Theoretically, the increased abdominal pressure inherent 

to laparoscopic surgery might cause transient ischemia, healing 
impairment and a consequent increase of anastomotic fistula. 
Other studies demonstrated that reduced intestinal oxygenation 
worsened healing37-39. In this study, healing was not impaired, 
which demonstrates that there are no effects of ischemia at a 
pressure of 5 mmHg. 

Healing is complex and depends not only on the amount 
of collagen, but also on the type and structure of collagen. The 
best way to assess the anastomosis healing would be the leakage; 
however, such an occurrence is small, what made us to use other 
parameters: clinical outcome, anastomotic breaking strength, 
hydroxyproline, collagen histomorphometry and histopathological 
evaluation. 

Conclusion

Although some changes were seen in collagen 
histomorphometry and histopathology in this study, analyzing all 
the parameters together, the use of pneumoperitoneum with CO2 at 
a pressure of 5 mmHg in different periods of the operation did not 
impair the healing of colonic anastomosis in rats.
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