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Pneumoperitoneum refers to presence of free air within the peritoneal cavity, “Pneumoperi-
toneum induced Peritonitis” is synonymous of surgical pneumoperitoneum, as the leak of
air and visceral contents contaminates the peritoneal cavity, producing peritonitis which
mandates surgery. This entire pneumoperitoneum may result from inflammatory condi-
tions, traumatic injury, neoplasia, anastomotic leak and vascular causes.

The objectives of this study is to determine the incidence of Pneumoperitoneum-induced

{fl‘?é Yjvr(;rgS:e toneum Peritonitis (surgical pneumoperitoneum) in emergency exploratory laparotomies, to iden-
Peritonitl:i)s tify the common anatomical sites of perforations and to review the pathological etiology

of these cases.

Review of 450 cases of emergency exploratory laparotomy cases performed in King Abdu-
laziz University Hospital from January 2011 to December 2015, among them 131 cases with
radiologically documented pneumoperitoneum were selected to be involved in the study
of surgical pneumoperitoneum, the anatomical site of perforation and the exact underlying
pathology were documented.

29% of exploratory laparotomy cases were found to have pneumoperitoneum, mainly
in the in the gastroduodenal region, inflammatory conditions as peptic ulcer disease or
diverticulitis were the underlying cause of most of perforations.

Pneumoperitoneum frequently indicates bowel injury or disease, hence it is called sur-
gical pneumoperitoneum, Perforations are commonly found in gastro-duodenal area, the
inflammatory conditions are responsible for the vast majority of cases, however presence
of air with intact bowel, is called Non-Surgical or spontaneous Pneumoperitoneum, which
has to be approached conservatively.

© 2016 Saudi Society of Microscopes. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Pneumoperitoneum is defined as presence of free
air within the peritoneal cavity [1], “Pneumoperitoneum
induced Peritonitis” is synonymous of surgical pneu-
moperitoneum, when leak of air and visceral contents
contaminates the peritoneal cavity producing peritoni-
tis that mandates surgery, this entire pneumoperitoneum
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may result from inflammatory conditions, traumatic injury,
neoplasia, anastomotic leak and vascular causes, there-
fore presence of free air in the peritoneum with intact gut
is known as “Non-Surgical or Spontaneous Pneumoperi-
toneum” [2], which is usually treated conservatively, that
condition should be clear in assessment of abdominal cases
to avoid unnecessary operation [3].

The objective of this study is to determine the inci-
dence of pneumoperitoneum-induced peritonitis (surgical
pneumoperitoneum) among all cases of acute abdomen
managed by emergency exploratory laparotomy in our
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practice, and to identify the common anatomical sites of
perforations, as well as the pathological etiology of these
cases, that may offer a help to plan for appropriate surgery.

2. Material & methods

This retrospective study reviewed all emergency
exploratory laparotomy cases performed in King Abdu-
laziz University Hospital, from January 2011 to December
2015, among them only radiologically documented pneu-
moperitoneum cases were selected to be involved in
the study, and labeled as surgical pneumoperitoneum or
pneumoperitoneum-induced peritonitis.

Assessment and resuscitations with the initial investi-
gations were carried out by the surgical on-call team, before
transfer to the operation theatre, where formal exploratory
laparotomy was performed, (peritoneal lavage, culture
swab from the peritoneal exudate,routine exploration
of the whole abdomen, management of the perforation
accordingly, finally washing the peritoneal cavity with
normal saline and insertion of drains before closure). All
specimens as edges of perforation or the whole resected
segments were sent to histopathology.

The exact anatomical site of perforation was defined
during surgery, while the final etiological diagnosis was
reported by histopathology, all demographic and clinical
data of each patient were collected and analyzed by IBM-
SPSS version 22, approval of the study was obtained from
the Hospital Ethical Committee before start.

3. Results

This retrospective study reviewed 450 emergency
exploratory laparotomy cases, 131 out of 450 cases of
exploration were with radiologically documented pneu-
moperitoneum (29%).

The demographic data of surgical pneumoperitoneum
cases showed that age ranged between 18 -88 years, the
mean, median and mode of age were 45.1, 54,51 years
respectively, males were predominant in the study 84/131
(64.1%) while females account 47/131 (35.9%). Table 1

The anatomical diagnosis of surgical pneumoperi-
toneum cases was defined during the exploratory laparo-
tomy, that showed high prevalence of perforations was in
the gastroduodenal region (55/131 about 42%), while in 28
cases, perforations were found in the small bowel (21.4%),
as well as 41 cases out of 131 pneumoperitoneum cases
were discovered in the large bowel (31.3%), only 7 cases
illustrated appendix as the course of pneumoperitoneum
(5.3%). Table 2

The pathological etiology was disclosed by the
histopathological examination which reported that the
inflammatory conditions were responsible for perfora-
tion in 79 cases (60.3%), while history of trauma and

Table 1
Gender Distribution in Surgical Pneumoperitoneum Cases.
Males Females Total
Number of Patients 84 47 131
Percentage 64.1% 35.9% 100%

Table 2
The Anatomical Sites of Surgical Pneumoperitoneum.
Number of Patients Percentage
Gastroduodenal 55/131 42%
small bowel 28/131 21.4%
large bowel 41/131 31.3%
Appendix 7/131 5.3%
Total 131 100%
Table 3
The Pathological Etiology of Surgical Pneumoperitoneum.
Number of Patients Percentage
Inflammatory conditions 79/131 60.3%
Trauma 22/131 16.8%
Post-operative Leak 9/131 6.9%
Neoplasia 8/131 6.1%
Ischemia and Vasculopathy. 13/131 9.9%
Total 131 100%

post-operative leak were found to be the causes in
22,9 cases, that account(16.8%),(6.9%) respectively, their
histopathological examination did not show any chronic
inflammatory or neoplastic cells and also denied any
ischemic changes in these cases. Therefore neoplastic cells
were found in 8/131 cases, on the other hand 13/131 cases
(9.9%) had evident ischemic changes and vasculopathy.
Table 3

4. Discussion

The peritoneum is a thin and serous membrane that
lines the abdominal cavity,it is formed of two layers; pari-
etal and visceral layers, the former lines the abdominal wall
while the latter reflects over the abdominal viscera. Several
intra-abdominal organs are enclosed by visceral peri-
toneum to such an extent that they are almost completely
covered by peritoneum, they are called intra-peritoneal
structures; they have double layers of peritoneum within
them as mesenteries and ligaments. A thin layer of serous
fluid, which acts as a lubricant, separates the two layers [4].

The term pneumoperitoneum refers to the presence of
air within the peritoneal cavity, two different pathologies
are resulted from this condition, Surgical Pneumoperi-
toneum, which usually indicates bowel perforation [5],
the other type is, Non- surgical or Spontaneous Pneu-
moperitoneum, which refers to the existence of air
intraperitoneally without bowel perforation.

Surgical Pneumoperitoneum can be expressed as
Pneumoperitoneum-induced Peritonitis, as the leak of air
and gut content results in that serious condition, which
requires emergent surgical management. The radiologi-
cal finding of free air in the peritoneum is usually sign of
intraperitoneal disease or injury.

Surgical pneumoperitoneum represents 85-90% of all
pneumoperitoneum cases, while the Non- surgical form
accounts 5-15% of all occurrences [6]. Another incidence
wasiillustrated in this study, which is the incidence of pneu-
moperitoneum in emergency exploratory laparotomy. Our
review has demonstrated that 29.1% of all emergency
laparotomies were found to have perforated viscus.
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Table 4
The Inflammatory Causes of Surgical Pneumoperitoneum.
Gastroduodenal diverticulitis Appendicitis T.B.enterocolitis Crohn'’s disease, Total

Number of Cases 50 14 5 3 79/131

Table 5

The Pathological Causes of Surgical Pneumoperitoneum and Anatomical relation.

Gastro-duodenal Small bowel Large bowel Appendix Total

Inflammatory 50 7 15 7 79 (60.3%)
Traumatic 2 11 9 0 22 (16.8%)
Post-operative Leak 3 2 4 0 9 (6.9%)
Neoplastic 0 3 5 0 8 (6.1%)
Vascular 0 5 8 0 13 (9.9%)
Total 55 28 41 7 131 (100%)

Our study revealed that Gastro-duodenal area was the
most common site of perforation, (55/131) 42% of all
surgical pneumoperitoneum cases, (55/450) 12% of all
emergency laparotomies, therefore 31.3%, 21.4% of visceral
perforations were detected in the large and small bowel
respectively. Acute appendicitis is a rare cause of intraab-
dominal air leak, with a reported incidence 0-7% [9], it
was discovered in 5.3% of pneumoperitoneum cases in this
entire study.

The inflammatory conditions still constitute the main
source/background of pneumoperitoneum, 79 cases out of
131 (60.3%) of visceral perforations were due to inflam-
matory conditions. The most common reported cause of
surgical pneumoperitoneum in the literatures is perforated
Gastro-duodenal ulcer [7,8], that was clearly confirmed
in this study, that gastro-duodenitis with perforation
from peptic ulcer disease was also the most common
cause of the inflammatory-related perforations (50 cases).
The other included inflammatory conditions were 14
cases with diverticulitis (12 in the large bowel, 2 in the
ileum),perforated acute appendicitis in 7 cases,T.B. ente-
rocolitis and Crohn'’s disease, which were less frequently
found in the study 5,3 cases respectively. Table 4.

Neoplasia causes perforation in 8/131 (6%) in large and
small bowel, either by direct invasion or rupture of the
proximal bowel due to obstruction.

Trauma was documented in 22/131 (16.8%), 8 cases of
them were caused by direct external trauma, while 14
cases were due to iatrogenic injury, as unintended bowel
perforation during surgical, gynecological, or urological
operations, as well as post- endoscopic procedures (ERCP,
Colonoscopy, PEG insertion).

A post-operative leak was also seen in 9 cases (6.9%),
most of them were from anastomosis of bowel or following
repair of perforation of the stomach or small bowel.

Ischemia and vasculopathy were the underlying causes
of bowel rupture in 13/131 patients (9.9%), Thrombo-
embolic in 10 cases while 3 cases of strangulated hernia
(2 para-umblical, one ventral hernia) were the causative
agents of that entire ischemia with the consequent perfo-
ration. Table 5

The other category of pneumoperitoneum, which was
not included in the study is the Non- surgical or spon-
taneous pneumoperitoneum, it is uncommon entity, but
well-known and repeatedly described, It is usually an

incidental radiological finding rather than clinical mani-
festation [10], appreciation of these cases helps to avoid
unnecessary surgery [11].

It results from thoracic, abdominal and gynecological
causes, any cause of increased intra-thoracic pressure can
produce pneumoperitoneum,barotrauma is the main tho-
racic cause. In females there is a natural communication
between the fallopian tubes and peritoneum, which may
predispose to non- surgical pneumoperitoneum. Pelvic
examination, vaginal insufflation or douching are good
examples of the gynecological causes of non- surgical or
spontaneous pneumoperitoneum.

In the abdomen, air may retain normally after sur-
geries for longer periods from 3-6 days, up to 4 weeks,
while in laparoscopy the current preferred gas in insuf-
flation is Carbon dioxide, which is rapidly absorbed, than
room air entered during laparotomy, existence of gas
post laparoscopy is smaller and shorter. Intra-peritoneal
catheters for dialysis or open drains, seemed to be reli-
able abdominal causes of non-surgical or spontaneous
pneumoperitoneum. Mularski et al., Tiwary et al., Kadkho-
daie et al. and Cecka et al., had considered the air leak
following the iatrogenic endoscopic procedures as abdom-
inal non-surgical pneumoperitoneum, which is probably
due to excessive insufflation, excessive electrocautery and
incautious papillotomy in ERCP, but in fact these entire
perforations are often result in peritonitis and necessi-
tate surgery, it is advisable to include them with surgical
pneumoperitoneum, 4 cases in our study were explored
for that complication after endoscopic procedures (ERCP,
Colonoscopy, PEG insertion).

A detailed history should be obtained, regarding symp-
toms, history of trauma, previous medical illness, recent
abdominal operation, peritoneal dialysis, endoscopy and
medications as anticoagulant. Thorough examination gen-
erally and locally should be exercised before asking for
investigations.

Plain x-ray film in erect position may be enough to diag-
nose pneumoperitoneum, it shows air under diaphragm in
chest view, or in superiorly dependent location on abdom-
inal radiograph, Plain x-ray imaging is simple, low cost,
non-invasive and efficient tool of investigation.

C.T. studies can verify the presence of air and fluids,
point to the area of perforation,assess the wall thickening,
mucosal integrity, and also view fat stranding,pneumatosis
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intestinalis, gas in portal venous system and other clues.
C.T. Scan is a sensitive method of imaging, it identifies the
cause and site of acute abdomen. Modern technology with
multi-detector C.T is highly accurate and more sensitive in
predicting the site of perforation [12,13].

The cause of pneumoperitoneum and signs of peritonitis
determine the mode of treatment, when pneumoperi-
toneum is coupled with clinical picture of acute abdomen,
it needs prompt surgical intervention, to eliminate the
enteric contamination of the abdominal cavity and to
deal with the resultant perforation, therefore pneumoperi-
toneum with minimal symptoms and no signs of peritonitis
justifies observation and supportive care as conservative
measures.

5. Conclusion

Pneumoperitoneum is abnormal collection of air within
the peritoneal cavity, it remains as a reliable sign of visceral
rupture [14], it frequently indicates bowel injury or dis-
ease [15], hence it is called surgical pneumoperitoneum.
Perforations are commonly found in gastro-duodenal area,
the inflammatory conditions are responsible for the vast
majority of cases. Presence of air with intact bowel is
called non-surgical or spontaneous pneumoperitoneum,
that results from thoracic, abdominal and gynecological
causes.

Detailed history and careful examination with simple
radiograph can discern between surgical pneumoperi-
toneum which needs urgent operation, and non- surgical,
which has to be approached conservatively.
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