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ABSTRACT

BACKGROUND: Selective observation method has started to replace routine laparotomy application for abdominal penetrating 
trauma patients after Shaftan’s selective observation method applied in the 1960s. In this respect, there is a possibility of bowel perfo-
rations healing without operations. An experimental model was established in this study in order to clarify this possibility.

METHODS: Fifty Wistar-Albino rats were divided into five groups, ten in each. While one group served as the control, distal part 
of the small bowel of the rats in the other four groups was perforated 1, 2, 3, and 4 mm in diameter with appropriate cutters. After 
a week of observation, test rats were sacrificed and relaparotomy was applied. The test material consisting of the perforated bowel, 
covering 1 cm of proximal and distal margins, and some peritoneal tissue was taken for histopathological examination.

RESULTS: Small bowel perforations with a diameter of 2 mm or below healed spontaneously without any operation. Peritonitis 
intensity increased in direct ratio with perforation diameters. Wall repair capacity of the bowel diminished with increasing perforation 
diameters.

CONCLUSION: It was observed that small perforations in the small bowel of rats could be limited by the organism itself without 
a necessity of any surgical intervention.

Key words: Experimental study; penetrating abdominal trauma; small bowel perforation; spontaneous regeneration.

with penetrating abdominal trauma has made the treatment 
of these patients possible without surgery with the help of 
developing diagnostic methods. Basic clinical approach to 
penetrating stab wounds has changed with Shaftan’s selec-
tive observation method applied in the 1960s.[1] After the 
introduction of selective observation method, it has started 
to replace routine laparotomy application in penetrating ab-
dominal trauma patients all over the world. This method has 
diminished both negative laparotomy rates and morbidity 
caused by negative laparotomy.[2-7]

Besides the advantages of selective observation, it has also 
arisen some questions. One of these questions is the pres-
ence of a healing chance of a perforated small bowel without 
surgical intervention. Retrospective analysis of patients with 
penetrated abdominal trauma has shown that small bowel 
wound ratio is found to be higher in clinics using routine 
laparotomy compared to those using selective observation 
method.[2-5] Therefore, there can be a possibility of spontane-
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INTRODUCTION

Developing technology and knowledge of the diagnosis 
and treatment of patients with penetrating abdominal stab 
wounds have led to major changes regarding the clinical ap-
proach to these patients. In the past, every case with a com-
plaint of penetrating abdominal trauma underwent routine 
operation. Selective observation method in selected patients 
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ous healing for a patient with non-operated small bowel per-
foration. In order to clarify this possibility, an experimental 
model in rats was established in this study.

The aim of our study was to establish the attitude of small 
bowel perforations without surgical intervention after an ex-
perimental perforation was made in different diameters in 
bowels most prone to perforation with penetrating abdominal 
trauma. This study also aimed to present whether surgical in-
tervention was necessary after every small bowel perforation.

MATERIALS AND METHODS

Subjects and Operative Procedures
After the approval of the institutional ethical committee (Ex-
perimental Animal Ethics Committee of Cerrahpasa Medi-
cal Faculty of Istanbul University - approval code 7677), fifty 
male, adult Wistar-Albino rats (3,5 – 4-month-old), provided 
by the Experimental Research Laboratory of the University 
under standard husbandry conditions, were randomly divided 
into five equal groups. Wistar-Albino male rats with an aver-
age body weight of 275±25 g were used in the study. The rats 
were randomly allocated into groups A, B, C, D, and E using 
a computer generated system. Small bowel perforations were 
made in the diameter of 1, 2, 3 and 4 mm for the groups 
A, B, C and D respectively, whereas group E underwent no 
intervention. Perforations were done by cutters of different 
diameters ranging from 1 to 4 millimeters (Fig. 1).

Animals were operated on at a room temperature of 20°C. 
100 mg/kg ketamine hydrochloride with 10 mg/kg xylazine 
was applied intraperitoneally for anesthesia. After cleaning 
the skin, the anterior abdominal wall was shaved, treated with 
10% povidone iodine, and a 3-cm median laparotomy was 
performed. Distal antimesenteric part of the small bowel (10 
cm proximal part of the caecum) of rats was perforated by 
four different types of cutters in 1, 2, 3, and 4 mm diameters 
while one group served as the control. Silk suture material 
(2/0) was used for the closing of the abdomen after surgery. 

The rats had no oral intake and 5 ml of Isolyte-M was applied 
every twelve hours subcutaneously for the next 48 hours. At 
the end of forty-eight hours, the injection was stopped and 
oral intake started.

Test rats were monitored for one week. During this period, 
blood samples were taken two times for hemoglobin mea-
surement and once for biochemical testing. At the end of the 
observation, test rats were sacrificed with high dose pento-
thal injection and relaparotomy was applied. The test material 
consisting of the perforated bowel, covering 1 cm of proximal 
and distal margins, and some peritoneal tissue was sent to 
pathology laboratory for histopathological examination.

Histopathological Evaluation
Histopathological evaluation was done macro and microscop-
ically (Tables 1-3). Microscopic evaluation was performed 
under four titles as microscopic peritonitis, foreign body re-
action, microscopic scoring system, and microscopic appear-
ance. Microscopical evaluation parameters as regular bowel 
appearance, transmural healing tissue, and mural necrosis 
were evaluated separately for carrying more importance in 
microscopic scoring system.

Collagenated granulation tissue along the cutting direction of 
the cutter in the intestinal wall was named as “healing tis-
sue” and classified as “sub-mucosal” or “transmural” with 
regard to appearance. Some test subjects displayed local 
healing tissue confined to the submucosa sparing mucosa and 
muscularis propria. The healing tissue in these subjects was 
defined as “sub-mucosal healing tissue” (Fig. 2). Some test 
subjects had healing tissue comprising mucosa, submucosa 
and muscularis propria along the cutting direction, which was 
named as “transmural healing tissue”. Necrosis present along 
the cutting direction was defined as limited-mural necrosis 
if it was confined to submucosa or comprising mucosa and 
submucosa sparing muscularis propria (Fig. 3); whereas, that 
comprising mucosa, submucosa and muscularis propria was 
defined as “mural necrosis” (Fig. 4a, Table 2).
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Figure 1. The creation of small bowel perforation with stab tools in 
rat of B group (No:1).

Figure 2. Submucosal healing tissue by light microscopy with a 
magnification power 200x.
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Inflammatory reaction in mesenteric fat tissue and perito-
neum was defined as peritonitis. Microscopic peritonitis was 
classified in three groups according to the severity of inflam-
mation (Table 3). 

(+) peritonitis (mild): Local with some inflammatory cells (Fig. 
4b),

(++) peritonitis (moderate): Local with 20 or more inflamma-
tory cells, without micro-abscess (Fig. 4c),

(+++) peritonitis (severe): Inflammatory cells seen along the 
whole mesenteric tissue of the specimen (20 or more inflam-
matory cells) and/or presence of micro-abscess (Fig. 4a).

Macroscopic evaluation was done as macroscopic appearance 
and macroscopic peritonitis. Macroscopic findings in the tis-
sues were: normal mucosal tissue, mucosal plaque, granular 
mucosa, focal hemorrhage, erosion, segmental mucosal nodu-

larity, intestinal wall thickening and perforation. Macroscopic 
peritonitis was defined for subjects with omental fatty tissue 
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Table 1. Macroscopic findings of rats

Groups Normal Granular Mucosal Mucosal Segmental Local Macroscopic
 appearance appearance hemorrhage erosion mucosal thickening in perforation
  in the mucosa   nodularity the bowel wall

Group A (n=10) 8 0 2 0 0 0 0

Group B (n=10) 4 0 0 3 2 4 0

Group C (n=10) 0 0 0 5 5 7 1

Group D (n=10) 1 2 4 1 4 2 2

Group E (n=10) 10 0 0 0 0 0 0

Table 2. Microscopic findings of rats

Groups Normal Regular Anti-mesenteric Submucosal Transmural Limited-mural Mural
 bowel bowel wall serosal focal healing healing necrosis necrosis
 appearance  fibrosis tissue tissue 

Group A (n=10) 2 10  1 0 0 0 0

Group B (n=10) 2 5 2 3 1 1 0

Group C (n=10) 0 6 2 0 4 0 0

Group D (n=10) 0 1 0 0 7 0 3

Group E (n=10) 9 10 0 0 0 0 0

Table 3. Findings of microscopic peritonitis

 Group A Group B Group C Group D Group E

(-) no peritonitis 4 7 0 0 9

(+) peritonitis (mild) 6 3 6 4 1

(++) peritonitis (moderate) 0 0 3 4 0

(+++) peritonitis (severe) 0 0 1 2 0

Figure 3. Limited-mural necrosis by light microscopy with a mag-
nification power of 100x.



adhered to the intestinal wall. Macroscopically observed peri-
tonitis, defined as adhered omental fatty tissue to the bowel 
wall, was observed as (++) or (+++) peritonitis microscopi-
cally (Figs. 4a, c, Table 3).

All lesions detected in the intestines of the subjects were 
sampled and, furthermore, samples were taken from places 
without any lesions. Bowel segments of the subjects with no 
observed lesions were sampled completely. The resected wall 
of the small bowel and some peritoneal tissue were fixed in 
formaldehyde, embedded in paraffin blocks, and 3-4 μm sec-
tions were stained with hematoxylin and eosin (H&E) dyes. 
Histopathological evaluations were performed by light mi-
croscopy with a magnification power of 40x and 400x.

Biochemical Evaluation
Blood sample was taken for hemogram and leukocyte count 
control at the forty-eighth hour of the first laparotomy. At 
the second forty-eighth hour, blood sample was taken again 
for the assessment of biochemical parameters (sodium, chlo-
rine, potassium, calcium, total protein, and albumin). At the 
third forty-eighth hour, blood was taken for the assessment 
of hemogram and leukocyte count again. Blood sample ob-
tainment process was made from the tails of the rats. The 
rats received ether anesthesia every time before the punc-
ture procedure for blood obtainment. Blood was taken by 
cutting the tail and suturing the proximal part by 2/0 silk su-
ture material every time.

Statistical Evaluation
Data attained from the study was evaluated by SPSS (Sta-
tistical Package for Social Sciences) for Windows 10.0 soft-
ware. Comparison of descriptive statistical methods (mean, 
standard deviation) and quantitative data for parameters with 
normal distribution was made by One-way Anova test and 
Tukey HSD test was used for the determination of the group 
resulting in disparity; whereas, comparison of the parameters 
without normal distribution was made by Kruskal Wallis test 
and the determination of the group resulting in disparity was 
made by Mann Whitney U test. Comparison of the qualita-
tive parameters was made by Chi-Square test. P values <0.05 
were considered to be statistically significant.

RESULTS

All test subjects in the Groups A, B and E completed the 
7-day observation period (maximum observation period) 
without any abnormalities in vital signs.

Mucosal hemorrhage was detected in two subjects (20%) in 
Group A. No macroscopic pathology was observed in eight 
subjects (80%) in this group (Tables 1, 2).

Mucosal erosion was observed in three subjects (30%) in 
Group B. One of the subjects with mucosal erosion in this 
group (10%) also displayed local thickening in the bowel wall. 
Two subjects in this group (20%) showed segmental mucosal 
nodularity with local bowel wall thickening. The number of 
subjects with local bowel wall thickening was four (40%) in 
Group B. No macroscopic perforation was detected in this 
group. Four subjects (40%) showed no macroscopic pathol-
ogy (Tables 1, 2).

Concerning Group C, subject no. 1 died on the fourth day 
before blood sampling for biochemical analysis; whereas, sub-
jects no. 2 and 8 died on the same day after blood sampling. 
These subjects underwent relaparotomy and material for 
pathological analysis was taken. Five subjects (50%) in Group 
C showed erosion. Two of the subjects with erosion (20%) 
had local thickening in the bowel wall; whereas, one of them 
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Figure 4. (a) Mural necrosis and severe peritonitis (+++) by light 
microscopy with a magnification power of 100x. (b) Regular bowel 
wall and mild peritonitis (+) by light microscopy with a magnifica-
tion power of 100x. (c) Regular bowel wall and moderate peritonitis 
(++) by light microscopy with a magnification power of 100x.

(a)

(b)

(c)



(10%) had segmental mucosal nodularity. This group totally 
displayed five (50%) segmental mucosal nodularity with local 
bowel wall thickening. Only one subject (%10) had perfora-
tion with erosion in Group C. No patient without macro-
scopic lesions was noted in this group (Tables 1, 2).

Concerning Group D, subject no. 1 died on the fourth day be-
fore blood sampling for biochemical analysis; whereas, subject 
no. 3 died on the same day after blood sampling and subject 
no. 8 died on the 6th day after blood sampling for hemogram 
analysis. These subjects underwent relaparotomy and mate-
rial for pathological analysis was taken. Two subjects (20%) 
had granular appearance in the mucosa, four (40%) had focal 
hemorrhage and one (10%) had erosion in Group D. Two 
of the subjects (20%) with hemorrhage also had perforation 
(Fig. 5). The other two subjects (20%) with hemorrhage had 
segmental mucosal nodularity. This group showed two (20%) 
subjects with local bowel wall thickening (Tables 1, 2).

Group E revealed no macro and microscopic pathological 
findings (Table 1, 2).

Macroscopic and microscopic findings in our study indicat-
ed that there was a dramatic relation between bowel wall 
damage made by the cutting instrument and the expansion 
of peritonitis. Mucosal plaque was spared being a normal 
lymphoid plaque and macroscopic findings ranked from “nor-
mal appearance” to “perforation” with a mathematical scor-
ing. There was no statistically significant difference between 
Groups A and E after this scoring (Tables 1, 2). Statistically 
significant differences were observed between the groups 

with wide and small perforation as regards the macroscopic 
appearance scoring.

There were no statistically significant differences regarding the 
forty-eighth hour white blood cell (WBC) counts (p>0.05), 
(Table 4). However, there was a statistically significant differ-
ence between the groups regarding WBC counts on the sixth 
day (p<0.05). Sixth day WBC counts of Group C were sig-
nificantly higher compared with the control group (p=0.020; 
p<0.05). No significant differences were observed between 
other measurements (p>0.05). Sixth day WBC counts of the 
groups A, B, C and D were significantly higher compared to 
the forty-eighth hour values (p=0.001, p=0.001, p=0.007, and 
p=0.010, respectively). No significant differences were noted 
between the sixth day and forty-eighth hour measurements 
in the control group (p>0.05), (Table 4).
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Table 4. White blood cell (WBC), (K/uL) results

 Group A Group B Group C Group D Group E p

WBC (48th hour) 12.270±2.842.5 8.740±3.122.7 9.690±3.170.1 10.180±2.561.1 11.540±4.022.7 =0.112

WBC (6th day) 17.690±3.188.3 16.290±4.301.3 20.542.8±5.685.6 16.212.5±5.629.8 13.400±3.810.5 =0.039*

p =0.001** =0.001** =0.007** =0.010* =0.198

*p<0.05; **p<0.01

Table 5. Serum levels of biochemical parameters (sodium, chlorine, potassium, calcium, total protein, and albumin)

 Group A Group B Group C Group D Group E p

Sodium (mmol/L) 138.40±1.71 141.50±1.58 143.50±1.81 146.33±5.12 140.90±1.28 =0.001**

Chlorine (mmol/L) 110.30±2.00 105.60±2.01 105.55±2.65 109.00±3.46 106.00±2.94 =0.001**

Potassium (mmol/L) 5.9±0.72 5.31±0.42 4.75±0.30 5.17±0.83 5.10±0.59 =0.003**

Calcium (mg/dL) 9.65±0.29 10.40±0.24 10.40±0.31 9.61±0.95 10.01±0.21 =0.393

Total Protein (g/dL) 6.72±0.20 6.48±0.23 6.08±0.16 5.84±0.32 6.27±0.38 =0.001**

Albumin (g/dL) 0.93±0.04 0.86±0.06 0.73±0.10 0.73±0.10 0.78±0.09 =0.001**

**p<0.01

Figure 5. After relaparatomy image of rat  D group (No:2).



Serum levels of the biochemical parameters (sodium, chlo-
rine, potassium, calcium, total protein and albumin) of the 
rats were controlled on the fourth day. There were some 
statistically significant differences among the groups regarding 
these values; however, no reasonable data was obtained to 
make any comments (Table 5).

DISCUSSION
Penetrating abdominal trauma is increasing due to the world-
wide growth of violence and there are a large number of 
patients with penetrating abdominal traumas in emergency 
surgery services. Main approach for penetrating abdominal 
trauma should be identifying injuries requiring surgical repair 
and avoiding unnecessary laparotomy with its associated mor-
bidity.[8-11] The decision as to when an emergency laparotomy 
on a patient with a penetrating abdominal stab wound should 
be done is a continuing challenge. Routine laparotomy is not 
indicated in hemodynamically stable patients with penetrating 
abdominal stab wounds without signs of peritonitis or diffuse 
abdominal tenderness.[8,12-14]

Two approach models including emergency laparotomy and 
selective observation model have been described for pen-
etrating abdominal trauma.[15-18] The only treatment choice 
for patients with penetrating abdominal trauma was routine 
laparotomy before the 1960s.[4] However, wide patient series 
demonstrate that nearly half of the patients have undergone 
perfect laparotomy.[4,5,15] Treatment approach to these patients 
has started to change, especially with the recommendation of 
selective observation method by Shaftan.[5] Studies regarding 
this issue have been confined to clinical trials so far. Selec-
tive non-operative model of penetrating abdominal trauma is 
safe and has been shown to decrease the rate of unnecessary 
laparotomy, length of hospital stay, and management costs.[19]

Both solid and hollow organs possess the risk of damage after 
penetrating abdominal trauma. Studies have shown that most 
commonly affected hollow and solid organs after penetrating 
abdominal trauma are small intestines (30%) and liver (19%), 
respectively.[20-22] Colon (18%), stomach (13%), pancreas, and 
duodenum follow.[21,22] Bowel rupture following penetrating ab-
dominal trauma lead to the gas and other intestinal ingredients 
leak into the peritoneum resulting in peritonitis.[23] Small bowel 
injury is rarely diagnosed preoperatively, especially when there 
are no specific signs of haemoperitoneum or peritonitis.[24]

In this study, biochemical and pathological changes in rats 
were studied after the formation of an experimental gut per-
foration model. Perforation models in rats up to the pres-
ent have generally been carried out to form peritonitis and 
caecum ligation method has been commonly used to force 
peritonitis formation.[24] However, it was aimed to form a 
perforation model most similar to the perforation with pierc-
ing-cutting tool in humans in this study. Thus, perforations in 
different diameters were made in terminal ileum without any 
intervention to the intraperitoneal space.

Different sized perforations were made in the present study 
to eliminate the risk of coincidental or subject type risks. The 
reason why analgesics were not used in this study was not 
to hinder peritoneal inflammation after perforation. Blood 
samples were taken for cell count on the second and sixth 
days; and for biochemical analysis on the fourth day of the 
experiment for evaluation of the local morphological changes 
of the occurred peritonitis, as well as the systemic inflamma-
tory response.

Following indications were noted after evaluation of the rela-
tionship between macro- and microscopic findings. The lesion 
formed in the cutting device puncture point, also defined as se-
rosal fibrous cap, was not recognized macroscopically. Segmen-
tal mucosal nodularity was formed as a result of sub-mucosal 
or transmural healing tissue along the cutting device direction. 
Thickening in the bowel wall was also formed with the healing 
tissue along the direction. The pathological tests of this ex-
perimental study showed that peritonitis intensity increased in 
direct ratio with the perforation diameter. As the perforation 
diameter increased, wall repair of the bowel diminished.

There were no significant differences regarding WBC counts 
in the first forty-eight hours including the control group, 
which was an indication of the inflammatory response formed 
in the first hours due to surgical trauma rather than perfora-
tion. However, evaluating WBC counts on the sixth day, it 
could be said that the inflammatory response to perforation 
evolved later.

The reason for routine biochemical analyses in the clinical 
observation of patients is to determine changes in electro-
lyte concentrations or protein values that can be important 
in tissue repair and to intervene if needed. Levels of some 
biochemical parameters on the fourth day were controlled 
in our study. However, the levels of the parameters included 
into the study revealed no significant results to comment on.

It was observed on rats that small bowel perforations in 2 
mm diameter and below were repaired by the organism itself 
spontaneously without any operation needed. Perforations 
in 3 mm diameter were repaired totally although small bowel 
wall repair tissue was observed. However, probability of seri-
ous peritonitis was found to be higher in this case. In perfora-
tions of 4 mm in diameter, they were still present even after 
7 days of observation.

The findings of this study showed that small perforations in 
the small bowel of rats could be limited by the organism itself 
without a necessity of any surgical intervention. Great de-
velopments were noted in the selective observation method 
with the growth of resuscitation, surgical techniques, anti-
biotic treatments and observation equipment. Secure treat-
ment of patients without operation is proper both scientifi-
cally and ethically.

Conflict of interest: None declared.
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AMAÇ: Penetran karın travmalarında temel cerrahi yaklaşım, 1960’lı yıllarda Shaftan’nın ortaya attığı seçici gözlem yöntemiyle temelden değişmiş ve 
tüm dünyada penetran karın travmalı hastalarda rutin laparotomi uygulama yöntemi yerine seçici gözlem yöntemi kullanılması ağırlık kazanmıştır. Bu 
durumda ameliyat edilmeden iyileşebilmiş bağırsak perforasyonlu hastalar olabileceği ihtimali doğmaktadır. Bu konuyu araştırmak amacıyla deneysel 
bir model oluşturduk.
GEREÇ VE YÖNTEM: Elli adet wistar albino cinsi sıçan 10 adetlik beş gruba ayrıldıktan sonra ince bağırsaklarının distal kısmı hazırlanan uygun 
ebattaki kesiciler ile 1 mm, 2 mm, 3 mm ve 4 mm olmak üzere farklı büyüklükte perfore edildi ve bir grup kontrol grubu olarak ayrıldı. Gruplardaki 
sıçanlar bir hafta süreyle takip edildikten sonra sakrifiye edilerek, perfore edilen bağırsak lokalizasyonunun 1 cm proksimali ile distalini içerecek 
şekilde ileum segmenti ve periton dokusu histopatolojik inceleme için patoloji laboratuvarına gönderildi.
BULGULAR: Çalışma gruplarımızdaki sıçanlarda, 2 mm ve altındaki ince bağırsak perforasyonlarının herhangi bir cerrahi girişime gerek olmadan 
spontan olarak iyileşebilir olduğunu gözlemledik. Yedi günlük takibe karşın 4 mm’lik bağırsak yaralanmalarında halen devam eden perforasyonlar 
görüldü. Patolojik inceleme sonunda perforasyon çapları ile orantılı olarak peritonitin şiddetlendiği ve bağırsak duvarı onarımının azaldığı saptandı.
TARTIŞMA: Sonuç olarak, sıçanlarda küçük çaplı ince bağırsak perforasyonlarının herhangi bir cerrahi müdahale gerekmeden organizma tarafından 
sınırlanabileceği gözlemlendi.
Anahtar sözcükler: Deneysel çalışma; ince bağırsak perforasyonu; penetran karın travmaları; spontan rejenerasyon.
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