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Abstract
We describe a rare case of an 81-year-old man who 
presented with severe epigastralgia. A chest radio
graph showed massive free gas bilaterally in the 
diaphragmatic spaces. Computed tomography (CT) 
scan also showed massive free gas in the peritoneal 
cavity with portal venous gas. We used a wait-and-
see approach and carefully considered surgery again 
when the time was appropriate. The patient received 
conservative therapy with fasting, an intravenous 
infusion of antibiotics, and nasogastric intubation. The 
patient soon recovered and was able to start eating 
meals 4 d after treatment; thus, surgical intervention 
was avoided. Thereafter, colonoscopy examination 
showed pneumatosis cystoides intestinalis in the 
ascending colon. On retrospective review, CT scan 
demonstrated sporadic air-filled cysts in the ascending 
colon. The present case taught us a lesson: the 
presence of massive intraabdominal free gas with 
portal venous gas does not necessarily require surgical 
intervention. Pneumatosis cystoides intestinalis should 
be considered as a potential causative factor of free gas 
with portal venous gas when making the differential 
diagnosis.

Key words: Case reports; Portal vein; Pneumatosis 
cystoides intestinalis; Colonoscopy; General surgery
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Core tip: We describe a rare case of an 81-year-old 
man with pneumatosis cystoides intestinalis (PCI). 



CASE REPORT
An 81-year-old man who presented at our emergency 
department with acute severe epigastralgia, perium
bilical pain, and progressive abdominal distention was 
admitted to the Department of General Surgery at our 
institution. The patient visited our institution for an 
old myocardial and cerebral infarction, hypertension, 
and chronic obstipation, and he received a variety 
of medications. He had a mildly increased body 
temperature (37.2 ℃). His cramping but persistent 
pain started abruptly. Physical examination showed 
severe epigastric tenderness and distension without 
any peritoneal signs. His facial appearance expressed 
agony, and he presented with excessive sweating. His 
blood pressure slightly decreased to 12.7/8.65 kPa, 
which was his usual hypertensive state, and his pulse 
rate was 61 beats/min. Regarding the hematological 
parameters, the white blood cell count and C-reactive 
protein level were mildly increased (10, 500/µL and 0.91 
mg/dL, respectively). Serum levels of blood urea nitrogen 
and creatinine were also increased (26.3 mg/dL and 
1.29 mg/dL, respectively), and the levels were slightly 
different compared to those of his blood samples 
collected during his normal state (18.5 mg/dL and 
0.89 mg/dL, respectively). On radiologic examination, 
a chest and abdominal plain radiograph showed 
massive free gas bilaterally in the subdiaphragmatic 
spaces (Figure 1). Computed tomography (CT) scan 
also showed that massive free gas was widespread 
bilaterally under the diaphragm. Moreover, PVG was 
identified, but ascites was not (Figure 2). Consequently, 
we performed arterial blood gas analysis, which showed 
no abnormality (pH = 7.46). First, we considered 
perforation of the digestive tract. Then, we assumed 
that the pathological digestive tract would have been 
accompanied by irreversible ischemia; however, we 
could not establish a definitive preoperative diagnosis. 
We used a wait-and-see approach, because the phy
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Figure 1  Plain radiograph demonstrating massive intraabdominal free 
gas bilaterally in the subdiaphragmatic spaces (white arrows). Grape-
like clusters or honeycomb-shaped shadows, which are characteristic of 
pneumatosis cystoides intestinalis, were not observed.

A BPCI is characterized by free gas in the submucosal 
or subserosal layer of the gastrointestinal tract, and 
its etiology is unknown. The patient presented with 
massive intraabdominal free gas and portal venous 
gas (PVG) due to PCI, and he was successfully treated 
without surgical intervention. When clinicians encounter 
free gas with PVG, PCI should be considered.
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INTRODUCTION
Pneumatosis cystoides intestinalis (PCI) is a rare clinical 
entity with an unknown etiology, and it is characterized 
by free gas in the submucosal or subserosal layer of 
the gastrointestinal tract[1-3]. PCI has been associated 
with various underlying etiologies to explain the 
pathogenic mechanisms causally involved in the 
accumulation of intramural gas. There are four main 
theories: (1) the mechanical theory; (2) pulmonary 
theory; (3) bacterial theory; and (4) chemical theory 
or nutrition deficiency theory. Currently, chemotherapy, 
hormonal therapy, steroids, immunosuppression, 
and connective tissue disease have been reported as 
causative factors of PCI[2,4-8]. Yet, the exact theory has 
not been determined. Symptoms usually stem from 
a secondary underlying disease, including abdominal 
discomfort, diarrhea, constipation, rectal bleeding, 
tenesmus, or weight loss. About 3% of patients 
with PCI develop complications, including tension 
pneumoperitoneum, intestinal volvulus, obstruction, 
hemorrhage, and intestinal perforation[9]. One study 
reported a higher rate of complications with PCI 
(16.3%), including intestinal obstruction (51.3%), 
intestinal perforation (35.9%), atypical hyperplasia 
and canceration (10.2%), and intussusceptions and 
intestinal necrosis (2.6%)[2]. The most important issue 
for physicians is recognizing the entity of PCI so that 
they do not misdiagnose or mismanage it as another 
disease such as a malignancy or polyposis. It is also 
important to differentiate the harmless type from the 
life-threatening type, for which immediate surgery is 
required[8]. Thus, the conditions of patients with PCI 
can be confusing, and the decision to treat PCI should 
be carefully made in consideration of the risks. We 
herein emphasize how all physicians in the field of 
gastroenterology can recognize PCI by describing a 
patient who presented with massive intraabdominal free 
gas and portal venous gas (PVG) who was successfully 
treated without surgical intervention.



sical examinations did not show any peritoneal signs, 
although radiologic examinations showed marked fin­
dings. Consequently, he received conservative therapy 
with fasting, an intravenous infusion of antibiotics, and 
nasogastric intubation. The patient was relieved of the 
symptoms, and he was permitted to eat food orally 4 d 
after treatment. The patient has been doing well since 
hospital discharge.

Subsequently, the patient underwent upper endoscopy 
and total colonoscopy 1 mo after hospital discharge. 
Upper endoscopy findings showed no abnormality, 

whereas total colonoscopy results demonstrated a 
sporadic, round, and smooth-surfaced elevated lesion 
mimicking a submucosal tumor in the ascending 
colon (Figure 3). On retrospective review, coronal 
sections on CT showed sporadic PCI in the ascending 
colon (Figure 4). The CT findings matched those of 
total colonoscopy. Thus, we diagnosed the patient’
s condition as PCI on follow-up examinations. PCI in 
the present case was retrospectively diagnosed as 
secondary PCI, because the patient had an underlying 
disease of chronic obstipation.

DISCUSSION
The most important point of the present case is 
whether surgical intervention is indicated when intra
abdominal free gas or PVG is observed. It is normal for 
clinicians to fear digestive tract perforation, as it can be 
fatal. PCI is one of the factors of pneumoperitoneum, 
but it has not been well recognized by clinicians such 
as gastroenterologists, surgeons, endoscopists, and 
radiologists. The term “pneumatosis intestinalis” was 
first described as primary PCI by Duo Vernoi while 
observing autopsy specimens in 1730[1]. Subsequently, 
Mayer used the term “pneumatosis cystoides 
intestinalis” to describe its occurrence in hogs in 1825, 
and the first well-documented case in humans was 
reported by Bang in 1876[10]. Recently, Koss reviewed 
cases with PCI and reported that approximately 85% 
of all cases of PCI were classified as secondary PCI, 
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Figure 2  Computed tomography scans also showing widespread, 
massive pneumoperitoneum (white arrowheads). Moreover, portal venous 
gas was identified in close proximity to the liver, which was suggestive of portal 
venous gas in the peripheral portal system, and ascites was not observed (black 
arrowheads).

A

B

Figure 3  Total colonoscopy findings showing sporadic, round, and 
smooth elevated lesions, which are similar to submucosal tumors in the 
ascending colon (black arrows).

A

B

Figure 4  Computed tomography scans in the coronal plane showing 
sporadic intramural air-filled cysts in the ascending colon.
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88 patients with PCI, 19 were diagnosed as having 
benign PCI, including 6 patients with both PI and 
PVG[14]. Considering these cases, PCI may be one of 
the factors that induce PVG, which can also be fatal. 
Conversely, PCI and PVG are associated with each 
other, and they can occur together in various non-
ischemic conditions that are not associated with an 
unfavorable outcome[13,14,18-20]. Even if life-threatening 
conditions of intraabdominal free gas, PCI, and PVG 
occur simultaneously, patients’ conditions may not 
necessarily be serious. Thus, deepening the knowledge 
of these conditions is essential for clinicians (Table 
1). In the present case, the mechanisms of these 
life-threatening conditions were connected, and 
the following hypotheses have been made. First, 
secondary PCI probably occurred due to mucosal 
disruption caused by chronic obstipation. Second, 
increased gas in the serosal or subserosal layer is 
partially transported via the mesenteric drainage veins 
to the hepatic portal veins. Sequentially, ruptures of 
serosal or subserosal cysts cause pneumoperitoneum. 
Therefore, physicians must determine whether it is 
best for patients to undergo surgical intervention. 
Considering these life-threatening conditions, the 
most important diagnostic information is patients’ vital 
signs and complaints, and physical examination of the 
abdomen.

In general, surgical indications of PCI include 
cases suggestive of inconvertible intestinal obstruction 
or perforation, or patients with precancerous con
ditions[13,21]. Wu et al[2] mentioned that these compli
cations associated with PCI occur in approximately 
16.3% of cases. Hence, radiologic investigations are 
important for diagnosing PCI. Particularly, multidetector 

which results from other underlying diseases[11]. In 
the remaining 15% of cases, PCI was idiopathic or 
primary. Morris et al[12] reported that the incidence 
of PCI was 46% in the colon, followed by 27% in the 
small intestine, 7% in the colon and small intestine 
combined, 5% in the stomach, and 15% in other 
parts of the gastrointestinal tract. The most common 
localization of gas was in the submucosa (69.9%)[2]. 
On the basis of autopsy studies, its incidence in the 
general population has been estimated as three per 
10000 individuals[13,14]. Its recognition has not been 
widespread in terms of frequency.

PVG is also a radiological sign of serious underlying 
gastrointestinal pathology. The mortality for PVG 
ranges between 75% and 90%. The most common 
cause of PVG is acute mesenteric ischemia. Although 
hepatic PVG helps distinguish between benign and life-
threatening PCI, it may also occur with or without PCI 
due to nonischemic conditions. Mesenteric abscess 
formation, portomesenteric thrombophlebitis, sepsis, 
abdominal trauma, severe enteritis, cholangitis, 
chronic cholecystitis, pancreatitis, inflammatory bowel 
disease, diverticulitis, and gastrointestinal surgery 
or liver transplantation are considered causative 
factors of PVG[14,15]. The association between PVG and 
PCI seems to have been noted first in the article by 
Wolfe and Evans in 1955[15,16]. They reported gas in 
the portal veins of six living infants, three of whom 
had associated pneumatosis of the bowel. Khalil et 
al[13] reported that the combination of PCI and PVG 
is associated with bowel ischemia in about 70% of 
cases[13,17,18]. Sooby et al[15] classified 88 cases of PCI 
with PVG into three distinct subgroups: mechanical, 
ischemic, and benign. They also reported that of 
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Table 1  Causative factors of intraabdominal free gas

Pulmonary disease Drugs Infectious disease
   Asthma    Alpha-glucosidase inhibitor    AIDS
   Chronic bronchitis    Corticosteroids    Whipple’ disease
   Chronic obstructive pulmonary disease    Lactulose    Candida albicans
   Positive end-expiratory pressure    Sorbitol    Clostridia
   Pulmonary fibrosis    Chemotherapy agents    Escherichia coli
Gastrointestinal disorders    Gefitinib, Sorafenib, Cetuximab,    Mycobacterium tuberculosis
   Pyloric stenosis    Sunitinib, imatinib, 5-FU, etc.    Intestinal parasites
   Pyloric ulcer disease    Choral hydrate    Virus
   Peptic ulcers    Caustic agents    Cytomegalovirus, Rotavirus,
   Bowel obstruction Mechanical causes    Adenovirus, Varicella zoster virus
   Rupture of jejunal diverticula    Endoscopy Autoimmune disease
   Inflammatory bowel disease    Billiary stent perforation, Sclerotherapy    Scleroderma
   Crohn’s disease, ulcerative colitis    Barium enema    Lupus variants
   Adynamic ileus    Operation    Polymyositis
   Appendicitis    Jejunoileal bypass, Jejunostomy tubes,    Dermatomyositis
   Toxic megacolon    Post-surgical anastomosis    Sarcoidosis
   Volvulus    Organ transplantation    Polyarteritis nodosa
   Carcinoma    Cardiac, Bone marrow, Kidney, Liver,    Vascular disease
   Hirschsprung disease    Lung, Graft versus host disease    Mesenteric vascular disease
   Celiac sprue    Trauma    Intestinal infarction and ischemia
   Enteritis and colitis    Intestinal ischemia
   Diverticulitis    Intestinal strangulation
   Emphysematous gastritis    Collagen vascular disease
   Bowel necrosis
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CT is clearly beneficial, because it enables clinicians to 
make a more confident diagnosis of PCI by reformations 
in the coronal, sagittal, and axial planes[3,14]. However, 
radiologic or endoscopic examination does not nece
ssarily show typical findings, which means that patients 
with PCI cannot be diagnosed definitively, as shown 
in the present case. We reached the definite diagnosis 
retrospectively by reformation of CT in the coronal 
plane.

We were able to avoid surgical intervention in 
the present case because of the following important 
factors: (1) the patient did not show any abdominal 
peritoneal signs; (2) arterial blood gas measurement 
did not show metabolic acidosis; (3) radiological 
examinations demonstrated that there was a consi
derable amount of free gas bilaterally in the subdia
phragmatic spaces together with PVG, but no ascites 
was observed; and (4) despite mild renal dysfunction, 
urine output was obtained, and the patient had stable 
vital signs. It was a bold decision to avoid surgical 
intervention, because the patient would have required 
prompt action if perforation or ischemia of the digestive 
tract perforation had occurred. Interestingly, nine of 27 
patients with PCI died for an overall mortality rate of 
33%. Eleven patients observed without surgery had a 
mortality rate of 18%, whereas those who underwent 
surgery had a mortality rate of 44%. The remaining 
nine patients who improved without surgery did not 
manifest any clinical signs that would have prompted 
surgery[22]. Therefore, it seems that some patients with 
PCI can be successfully managed with conservative 
treatment. However, 37% to 75% of patients with 
PVG have bowel infarction, and 10 of 12 patients with 
both PCI and PVG died within 48 h[8]. The long-term 
prognosis of PCI is unknown, and a long-term follow-
up study is required to evaluate this further.

Thus, complementary evaluations such as blood 
gas analysis can be helpful. Knechtle et al[22] advocated 
the classification of clinical and laboratory values, 
including the assessment of arterial blood gas (pH, 
HCO3-), so that they could predict the occurrence of 
ischemic bowel and the patient’s outcome. Khalil et 
al[13] propounded a decision-making algorithm after 
PCI is diagnosed. The proposal makes sense, because 
the checklists include a variety of essential criteria 
for diagnosing PCI, including physical conditions, 
physical examinations, and medical history intake. 
Obtaining the patient’s medical history of comorbidities 
such as pulmonary disease, gastrointestinal disease, 
autoimmune disease, infectious disease, and vascular 
disease, as well as possible iatrogenic causes and the 
use of drugs is very important for cases of secondary 
PCI. The lack of knowledge may lead to misdiagnosis, 
which causes the patient to undergo unnecessary 
operations. As previously described, the fact that 
CT did not show ascites was favorable, because 
ascites often indicate ischemia or perforation of the 
gastrointestinal tract. Briefly, if CT demonstrates 

intraabdominal free gas with PVG in the absence of 
ascites, PCI is a possible diagnosis.

In conclusion, massive intraabdominal free gas 
with PVG does not always require surgical intervention. 
Therefore, the decision to perform surgery should be 
made on the basis of the knowledge of PCI. When 
clinicians encounter free gas with PVG in the abdomen, 
PCI should be considered when making the differential 
diagnosis.
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COMMENTS
Case characteristics
An 81-year-old man presented with severe epigastralgia.

Clinical diagnosis
Physical examination showed severe epigastric tenderness and distension 
without any peritoneal signs.

Laboratory diagnosis
Regarding the hematological parameters, the white blood cell count and 
C-reactive protein level were mildly increased (10.500/µL and 0.91 mg/dL, 
respectively). Serum levels of blood urea nitrogen and creatinine were also 
increased (26.3 mg/dL and 1.29 mg/dL, respectively). Arterial blood gas 
analysis showed no abnormality (PH = 7.46).

Imaging diagnosis
Computed tomography scan showed that massive free gas was widespread 
bilaterally under the diaphragm. Moreover, portal venous gas was identified, but 
ascites was not observed.

Pathological diagnosis
There was no specimen to make a pathological diagnosis.

Treatment
The authors used a wait-and-see approach, because the physical examinations 
did not show any peritoneal signs, although radiologic examinations showed 
marked findings. Consequently, he received conservative therapy with fasting, 
an intravenous infusion of antibiotics, and nasogastric intubation. We were able 
to avoid surgical intervention.

Related reports
pneumatosis cystoides intestinalis (PCI) is a rare entity. In addition, there 
are few reports of patients with PCI successfully treated without surgical 
intervention.

Term explanation
PCI is a rare clinical entity with an unknown etiology, and it is characterized by 
free gas in the submucosal or subserosal layer of the gastrointestinal tract.

Experience and lessons
The present case taught us the following lesson: the presence of intraabdominal 
free gas with portal venous gas (PVG) does not necessarily require surgical 
intervention. When gastroenterologists encounter free gas with PVG, PCI 
should be considered.
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Peer-review
It is a case report of a patient with abdominal pain that was proved to be caused 
by PCI, and was managed conservatively. It is very interesting.
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