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Abstract
Pneumoperitoneum has always been considered a surgical emergency as it represents a perforation of the gastrointestinal tract.
Although several cases of pneumoperitoneum with pneumatosis intestinalis (PI) have been reported, the characteristics of such
cases remain unclear. The current study aimed to clarify the clinical characteristics of pneumoperitoneum cases with PI detected
using computed tomography (CT).
This descriptive study was conducted at a single center. In a total of 18,513 abdominal CT scans obtained between January 2010

and February 2017, extraluminal free air was detected in 254 examinations of 182 cases. The medical records and CT images of
these 182 patients were retrospectively analyzed.
Pneumoperitoneum with PI was detected through 23 examinations in 21 cases, and the average age of the patients was

80.1 years. The frequency was 0.12% in all abdominal CT examinations, but 24.7% in the 85 cases with extraluminal free air,
excluding iatrogenic air. PI was classified as benign in 20 cases and as life-threatening in 1 case. The majority of cases with benign PI
showed good general and local findings and little leukocytosis, while the case with life-threatening PI showed severe conditions. No
evidence of bowel wall discontinuity, segmental bowel-wall thickening, perivisceral fat stranding, and abscesses were observed.
Ascites were detected less frequently in the cases with PI than in the other pneumoperitoneum cases (P< .01). Pneumoperitoneum
and PI occasionally recurred, and PI and/or extraluminal free air generally disappeared quickly.
Pneumoperitoneum with PI is a relatively common condition in older patients, and the majority of cases are caused by benign PI.

The characteristics of pneumoperitoneum cases with benign PI include well-maintained physical conditions, normal laboratory data,
absence of CT findings indicative of peritonitis, and infrequent ascites. In pneumoperitoneum cases with PI, predicting whether the PI
is benign or life-threatening is clinically very important, whereas the presence of extraluminal free air is considered to be insignificant.

Abbreviations: CT = computed tomography, PI = pneumatosis intestinalis.
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1. Introduction

Pneumoperitoneum is considered one of the most important
signs of severe intraabdominal disease. Diagnosis of
pneumoperitoneum is generally based on the presence of
intraperitoneal free air under the diaphragm on upright
plain radiography, or between the free edge of the liver
and the lateral wall of the peritoneal cavity on left lateral
decubitus radiography.[1] Advances in computed tomography
(CT) have enabled the detection of smaller amounts of
extraluminal free air, including intraperitoneal free air.[2,3]

The increased use of CT scanning at many medical institu-
tions, as well as improvements in CT scanning resolution,
have improved the diagnostic quality of acute abdominal
disease.
Conversely, several cases of pneumoperitoneum that do not

require surgical intervention, known as a spontaneous or
nonsurgical pneumoperitoneum, have been reported.[4–8] Thus,
not all cases of pneumoperitoneum require laparotomy because
the presence of free air does not necessarily indicate a life-
threatening intraperitoneal perforation. Despite the description
of various nonsurgical causes of pneumoperitoneum, unneces-
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sary surgery is often performed as a result of the difficulty in
obtaining an accurate diagnosis.
Pneumatosis intestinalis (PI) is anuncommoncondition inwhich

gas is found in a linear or cystic form in the submucosaor subserosa
of the bowel wall and is one of the main abdominal causes of
nonsurgical pneumoperitoneum.[8–10] PI is most sensitively
identified by CT,[11] and the majority of recent studies on
pneumoperitoneum with PI have involved CT.[12–16] However,
these previous studies have been limited to case reports, and the
clinical analysis of pneumoperitoneum with PI is currently
insufficient. This study retrospectively analyzed pneumoperito-
neum caseswith PI detected usingCT in order to clarify the clinical
characteristics of the cases.
Figure 1. Pneumatosis intestinalis was identified using lung window settings.
A: Bubbly air (black arrows) in sigmoid colon. B: Linear and circular air (black
arrows) in the small intestine. C: Air in the small intestine (white arrows) and in
the mesentery (black arrows).
2. Methods

This retrospective descriptive study was conducted at a single
center, and was approved by the Fujimi-Kogen Medical Center
Ethics Committee (Approval No. 54). A total of 18,513
abdominal CT examinations (14,556 plain CT and 3957
contrast-enhanced CT) were performed at Fujimi-Kogen Hospi-
tal of Fujimi-Kogen Medical Center between January 2010 and
February 2017. All examinations were ordered by medical
doctors in the outpatient, inpatient, or emergency departments.
All CT examinations were performed using a 32-slice multi-
detector CT scanner (Aquilion 32, Toshiba, Japan), using a
collimated slice thickness of 1mm. All findings of the CT scan
images were reported in our database.
The database was searched using “free air” as the keyword to

identify cases with extraluminal free air. Extraluminal free air
consists of intraperitoneal, intramesenteric, and retroperitoneal
free air and was detected in 253 examinations of 182 patients.
The medical records and CT images of the 182 patients were
reviewed to confirm the cause of the free air.

2.1. Imaging analysis

PI was simultaneously detected in 21 of 182 cases; in the 21 cases,
plain CT examination was performed in 20, and both plain and
contrast-enhanced CT examinations were performed in one.
Plain CT images of pneumoperitoneum cases with PI were
reevaluated. The CT findings that were evaluated included bowel
wall discontinuity, segmental bowel-wall thickening, perivisceral
fat stranding, intraabdominal abscess, ascites, extraluminal free
air, portal venous gas, and PI.
In each case, the maximum diameter of the largest pocket of

intraperitoneal free air, located either under the abdominal wall
or in the perihepatic space, was measured in order to estimate the
amount of extraluminal free air. We did not measure intra-
mesenteric or retroperitoneal free air because the maximum
diameter of the intramesenteric or retroperitoneal air could not be
measured accurately.
PI was defined as the presence of air in the bowel wall and was

identified using lung window settings.[11] The PI grades were
classifiedaccording to the following criteria:mild as bubbly, linear,
or circular air (Fig. 1AandB) in or along<10cmof the bowelwall;
and severe as air in or along ≥10cm of the bowel wall, or air not
only in the bowel wall but also in the mesentery (Fig. 1C).

2.2. Statistical analysis

Statistical analysis was performed using the Chi-square test and
Mann–Whitney U test using the StatView 5.0 statistical software
2

package (Abacus Concepts, Berkeley, CA). P-value <.05 was
considered significant.

3. Results

3.1. Frequency of pneumoperitoneum with PI

Out of the 18,513 abdominal CT examinations, extraluminal
free air was detected in 253 examinations of 182 cases. Follow-up



Table 1

Frequency of pneumoperitoneum with pneumatosis intestinalis.

No. of examinations No. of cases %

All abdominal CT 18513
CT with free air 253 182 1.37
CT excluding follow-up CT 196 182 1.06
CT excluding iatrogenic air 87 85 0.47
Pneumoperitoneum with PI 23 21 0.12

CT= computed tomography; PI=pneumatosis intestinalis.

Table 3

Clinical features of pneumoperitoneum cases with pneumatosis
intestinalis.

Clinical items Findings (n=21)

Age (range, mean±SD) 57–97 80.1±9.7
Sex (male:female) 9:12
Forms of pneumatosis intestinalis Benign (20), life-threatening (1)
Therapy Antibiotics (10), infusion alone (3), none (8)
Comorbidity Positive (20), negative (1)

SD= standard deviation.
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CT examinations were performed in 182 patients to observe the
clinical course after the detection of extraluminal free air, and
extraluminal free air was detected in 57 examinations. Of the 196
examinations of 182 cases, excluding the 57 follow-up
examinations, iatrogenic air was detected in 109 examinations.
The iatrogenic air consisted of air after laparotomy in 87
examinations, air after gastrointestinal endoscopic therapeutic
procedure in 14 examinations, and air after other therapeutic
procedures in 8 examinations. Out of the 87 examinations of 85
cases excluding iatrogenic air, PI was simultaneously detected
through 23 examinations in 21 cases. The frequency of
pneumoperitoneum with PI was 0.12% in all abdominal CT
examinations (Table 1).
3.2. Causes of extraluminal free air

The causes of the extraluminal free air in the 85 cases, excluding
iatrogenic air, are outlined in Table 2, and colorectal perforation
was found to be the most common cause of extraluminal free air.
The frequency of pneumoperitoneum cases with PI was 24.7%,
and was the second most common finding, while perforated
duodenal ulcer was the third most common cause.
3.3. Indications for CT scan

The indications for the 23 CT examinations in 21 cases were as
follows. There were 6 examinations for acute abdominal
diseases, 6 examinations for digestive symptoms, 3 examinations
for fever, 2 examinations for abdominal tumors, 1 examination
for urological disease, 1 examination for multiple trauma, and
Table 2

Causes of extraluminal free air.

Causes No. of cases %

Perforated gastric ulcer 4 4.7
Perforated duodenal ulcer 11 12.9
Small bowel perforation 6 7.1
Perforated appendicitis 5 5.9
Colorectal perforation 26 30.6
Diverticulum 13
Colorectal cancer 7
Others 6

Perforation of gastrointestinal tract 3 3.5
Acute pancreatitis 2 2.4
Uterine perforation 2 2.4
Pneumothorax 1 1.2
Pneumatosis intestinalis 21 24.7
Unknown causes 4 4.7
Total 85 100

3

1 examination for consciousness disturbance. Furthermore, there
were 2 examinations for intraperitoneal free air observed in other
examination and 1 examination for PI observed in other
examination.
3.4. Clinical features

The clinical features of pneumoperitoneum cases with PI are
presented in Table 3. Pneumoperitoneum cases with PI tended to
be older. In total, 20 patients had a good general condition and
were successfully treated with no treatment or mild symptomatic
treatment such as short-term antibiotic administration and/or
infusion; these cases were classified as benign forms of PI. One
case showed shock vital signs, and died after 1 day, and was
diagnosed with bowel necrosis; thus, the case was classified as
life-threatening. None of the patients underwent laparotomy.
In total, 20 of the 21 patients had comorbidities such as

cardiovascular, digestive, neurological, and endocrine disorders;
1 patient had bronchial asthma, 3 patients received steroids, 1
patient received a-glucosidase, and 1 case received chemotherapy
for cancer. No specific comorbidities were observed among the
cases.
3.5. Symptoms and laboratory data

The symptoms and laboratory data of the cases with benign PI are
presented in Table 4. The chief complaints of the cases varied, but
all cases had a good general condition, and many showed no
peritoneal signs. Abdominal tenderness was observed in 2 cases,
and both abdominal tenderness and slight muscular defense were
observed in 2 cases. Although no leukocytosis was observed in
several cases, CRP levels were found to be elevated.
A case with a life-threatening form of PI showed shock vital

signs, conscious disturbance, severe peritoneal signs, leukocyto-
sis, and a high CRP level.
Table 4

Symptoms and laboratory data of cases with a benign form of
pneumatosis intestinalis.

Clinical items Findings (n=20)

Chief complaint Abdominal pain (6), vomiting (3), fever (3), anorexia (2),
abdominal distension (1), bloody stool (1), none (4)

Peritoneal sign Negative (18), positive (2)
WBC Increased (5), normal (10), decreased (1), not examined (4)
CRP High (10), normal (5), not examined (5)

CRP=C-reactive protein, WBC=white blood cell.
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Table 5

Computed tomography (CT) findings of pneumoperitoneum with
pneumatosis intestinalis.

CT findings No. of cases

Bowel wall discontinuity
Positive 0
Negative 21

Segmental bowel-wall thickening
Positive 0
Negative 21

Perivisceral fat stranding
Positive 0
Negative 21

Intraabdominal abscess
Positive 0
Negative 21

Ascites
None 15
Positive 6

Location of pneumatosis intestinalis
Small intestine 12
Large intestine 6
Both 3

Portal venous gas
Positive 1
Negative 20

Maximum diameter of IFA
<10mm 14
10–100mm 4
>100mm 2

IFA= intraperitoneal free air.

Figure 2. Maximum diameter of intraperitoneal free air and grade of
pneumatosis intestinalis. No significant differences in the maximum diameter
of intraperitoneal free air were observed between the grades (P= .999).
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3.6. CT findings when pneumoperitoneum with PI was
detected

The CT findings are summarized in Table 5. There was no
evidence of bowel wall discontinuity, segmental bowel wall
thickening, perivisceral fat stranding, and abscesses. The presence
of ascites was observed in 6 cases, including a case with life-
threatening PI. Portal venous gas was observed in a patient with
life-threatening PI, intraperitoneal free air was detected in 20
cases, and retroperitoneal free air alone was detected in 1 case.
The maximum diameter of intraperitoneal free air varied among
cases.
Ascites were compared between the 21 pneumoperitoneum

cases with PI and the other 64 cases with pneumoperitoneum
excluding iatrogenic air. Ascites were detected in 6 cases of
pneumoperitoneum with PI and in 42 other pneumoperitoneum
cases. The presence of ascites was significantly lower in
pneumoperitoneum cases with PI (P= .003).
The maximum diameter of intraperitoneal free air was

compared between mild and severe grades of PI, and no
significant differences in the maximum diameter of intraperito-
neal free air were observed between the grades (P= .999) (Fig. 2).

3.7. Chronological changes in CT findings

Follow-up CT examination was performed in 6 cases in order to
observe the clinical course within 7 days after the detection of
pneumoperitoneum. When the follow-up CT was performed,
extraluminal free air alone was detected in 2 cases, PI alone was
detected in 1 case, and neither PI nor extraluminal free air was
detected in 3 cases.
4

A total of 92 abdominal CT examinations were performed in
cases of pneumoperitoneum with benign PI between January
2010 and February 2017. Excluding 20 CT examinations when
pneumoperitoneum with PI was detected, and 6 follow-up CT
examinations, 66 CT examinations were reevaluated for the
presence of extraluminal free air and PI, and the results are
presented in Fig. 3. PI was metachronously observed in 5 cases,
and pneumoperitoneum with PI was observed twice in 1 case.

4. Discussion

In this study, we demonstrated that the frequency of pneumo-
peritoneum with PI was 0.12% among all abdominal CT
examinations. Among the cases of extraluminal free air without
iatrogenic air, PI was observed in 24.7% of cases. This was the
second highest frequency after colorectal perforation, indicating
that pneumoperitoneum cases with PI are relatively common. In
2000, Mularski et al[9] reported in a review article that
pneumoperitoneum was caused by visceral perforation in 85%
to 95% of all occurrences, while in 5% to 15% of cases,
pneumoperitoneum had another cause that did not require
emergency surgery. These observations were based on several
reports using plain radiography rather than CT examination;
however, CT has improved since 2000, and has been increasingly
adopted by many medical institutions worldwide. The increased
imaging detection of PI could be because of the increased use of
CT technology and the increased incidence of PI associated with
new surgical procedures andmedications.[11] The present study is
the first to clarify the frequency of pneumoperitoneum with PI
detected using CT.
PI is a sign, not a disease, and therefore its significance is

directly related to the patient’s overall clinical status.[10] Life-



Figure 3. Chronological changes in computed tomography (CT) findings in pneumoperitoneum cases with benign pneumatosis intestinalis (PI). F-CT=Follow-up
CT; P + PI=pneumoperitoneum with pneumatosis intestinalis; FP : Both free air and pneumatosis intestinalis positive CT examination; P : Pneumatosis
intestinalis positive CT examination; F : Free air-positive CT examination; N : CT examination; N=number of CT examinations.

Adachi et al. Medicine (2020) 99:40 www.md-journal.com
threatening PI, also called pathologic or fulminant, is associated
with an acute bacterial process, sepsis, and necrosis of the bowel,
while benign PI can be totally asymptomatic and observed as an
incidental finding.[17] In the majority of cases in the current study
were classified as benign, and only one was classified as life-
threatening. PI can result in pneumoperitoneum caused by the
rupture of subserosal cysts.[10,17] Jamart[18] reported that
pneumoperitoneum was present in 9% of PI cases, while DuBose
et al[19] reported that intraperitoneal free air was detected in
19.8% of PI cases. The mean ages of patients with PI reported by
Wu et al,[20] DuBose et al,[19] and Saito et al[21] were 45.3, 56.6,
and 64.7 years, respectively. The ages of our cases were
particularly high compared with those of the patients enrolled
in the aforementioned studies, and the current study may indicate
that PI readily leads to ruptures in older patients.
PI has been found in adults with obstructive pulmonary

disease, and is associated with a wide variety of conditions
including pyloric stenosis, collagen vascular disease, and ischemic
bowel disease. PI has also been observed after endoscopy and
drug therapy, jejunoileal bypass, and transplantation, particu-
larly after administration of steroids and chemotherapy for
cancer.[10] In addition, more recently, treatment with a-glucosi-
dase inhibitors was reported to be a cause of PI.[22] Although the
majority of pneumoperitoneum cases with PI exhibited comor-
bidities in the current study, no specific shared comorbidities were
found.
Clinical findings and laboratory data varied according to the

type of PI. The majority of cases with benign PI showed well-
maintained general and local conditions and normal laboratory
data. Mularski et al[6] reported that nonsurgical causes of
pneumoperitoneum should be considered when abdominal pain
and distension are minimal and peritoneal signs, fever, and
leukocytosis are absent. Several reported cases of pneumo-
peritoneum with PI showed similar physical conditions and
laboratory data.[12–16,23] Conversely, a case with life-threatening
PI showed serious conditions and abnormal laboratory data.
5

In the CT findings of pneumoperitoneum cases with PI, bowel
wall discontinuity, segmental bowel-wall thickening, perivisceral
fat stranding, and abscesses were not observed in all cases; these
CT findings are indicative of acute bowel disease and
gastrointestinal perforation.[24,25] From these results, the absence
of CT findings indicative of peritonitis and infrequent ascites
represent radiological findings commonly found in pneumo-
peritoneum cases with PI. It is noteworthy that there were no
significant differences in the maximum diameter of the
intraperitoneal free air between the grades of PI. Therefore, PI
can be considered to cause pneumoperitoneum, even if the PI is
minimal and the extraluminal free air is significant.
Recurrent pneumoperitoneum with PI has been

reported.[16,26,27] Our chronological CT analysis showed relapses
of PI and pneumoperitoneum with PI, suggesting that pneumo-
peritoneum recurs with the recurrence of PI. Furthermore, PI and/
or extraluminal free air often disappeared quickly. These findings
indicate that extraluminal free air alone can be detected in
pneumoperitoneum cases caused by PI when CT examination is
delayed, and suggest that PI may be one of the causes of
extraluminal free air in idiopathic pneumoperitoneum cases.
Pneumoperitoneum represents a perforation of the gastroin-

testinal tract and is considered a surgical emergency. However, in
the current study, most pneumoperitoneum with PI was caused
by benign PI, and pneumoperitoneum was considered to be a
nonsurgical pneumoperitoneum. Thus, it is clinically very
important to determine whether the PI is benign or life-
threatening in pneumoperitoneum cases with PI, whereas the
presence of extraluminal free air is not considered to be
significant. Ho et al[11] reported that the imaging appearance
of benign and life-threatening PI is very similar, and the
correlation with clinical history, physical examination, and
laboratory test results is the best indicator of benign or life-
threatening PI. Furthermore, DuBose et al[19] reported that
hyperlactemia, in combination with either hypotension/pressor
requirement or peritonitis, was strongly associated with life-
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threatening PI. Intestinal ischemia and mesenteric vascular
disease are the main causes of life-threatening PI.[11] Barmase
et al[28] reported that contrast-enhanced CT was an effective
noninvasive modality for the diagnosis of mesenteric ischemia;
Kammerer et al[29] and Garcia et al[30] also reported the
usefulness of contrast-enhanced CT in the diagnosis of non-
occlusive mesenteric ischemia. Therefore, complete physical
examinations, laboratory data (including lactate), and contrast-
enhanced CT are necessary if life-threatening PI is suspected.
This study has a limitation of small number of cases, especially

cases with life-threatening PI. Therefore, the characteristics of
cases with benign PI could be determined, but not those of cases
with life-threatening PI. Despite this limitation, this study
comprises the largest number of pneumoperitoneum cases with
PI at this time. In the future, it will be necessary to analyze many
cases from multiple centers in order to fully validate our findings.
In conclusion, pneumoperitoneumwith PI detected using CT is

relatively common, and PI may lead to ruptures more readily in
elderly patients. The most common cause of extraluminal free air
was benign PI, and the characteristics of cases with benign PI
included well-maintained general and local conditions, normal
laboratory data, absence of CT findings indicative of peritonitis,
and infrequent ascites. Differential diagnosis of PI types is
clinically very important in pneumoperitoneum cases with PI.
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