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Pneumatosis of the alimentary tract may occur from the esophagus to rectum as a result of a
wide spectrum of conditions that range from benign to life-threatening. Although distinguishing between these 2 groups is of paramount importance for an appropriate clinical management, it still remains a challenge for the radiologist in the daily practice. In the light of the
current literature, we provide in the present article a comprehensive review focusing on the
clinical, laboratory, and radiological ﬁndings that most consistently may allow such a
differentiation. We also provide a pictorial essay illustrating this range of diagnoses, brieﬂy
discussing each one.
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Introduction

P

neumatosis of the gastrointestinal tract is a condition
characterized by the presence of multilocular gas-ﬁlled
cavities occurring within the wall of any part of the alimentary
tract, from the esophagus to the rectum, although it is most
commonly reported in the small intestine.1-9 The term derives
from Greek, pneumat, “gas, air” þ osis, “state, abnormal
condition, or action”. Therefore, pneumatosis is not a diagnosis
dictating a speciﬁc treatment, but merely a radiological sign
resulting from a wide spectrum of underlying pathologic
processes, ranging from benign or self-limited to life-threatening conditions.1-9 While an imaging ﬁnding, it is imperative
that pneumatosis be carefully interpreted in correlation with
the overall patient's clinical status, clinical history, and
laboratory tests to ascertain where on this spectrum the patient
lies and what is the most appropriate management.10
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Unfortunately, this is not always a straightforward task, as
the origin of the gas is often unclear,10 patients may present
with unspeciﬁc and volatile symptoms (to the fact that only
about 30% of cases of causal life-threatening conditions such as
acute mesenteric ischemia are clinically suspected before
imaging),11 and more than 30% of relevant but subtle imaging
ﬁndings of bowel ischemia, for example, are initially overlooked.12 In the past, pneumatosis was regarded as a sign of
intestinal ischemia mandating immediate surgical exploration,
which was associated with high mortality rates of up
to 44%.13-16 However, new evidence indicates that although
for a selected population of patients early surgical intervention may reduce morbidity and mortality, in patients with
benign pneumatosis early surgical intervention would be
unnecessary and even harmful.17 Thus, it is essential that each
group of patients is identiﬁed in a timely manner. Radiologists may have a pivotal role in this task by helping
to diagnose clinically worrisome pneumatosis by alerting
clinicians and helping them to assess the clinical signiﬁcance
of this radiological ﬁnding.
In this article we perform a comprehensive review on clinical
and radiological ﬁndings that may allow differentiating
between benign and life-threatening pneumatosis. We start
1
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Figure 1 Schematic drawing shows the 2 most widely accepted mechanisms proposed to explain the development of
pneumatosis (mechanical and bacterial theories). (Color version of ﬁgure is available online.)

with general considerations and a historical background on
pneumatosis, further discussing its pathophysiology and listing
the main diagnoses associated with this condition. We subsequently address the clinical and laboratory features that may
be useful in such distinction. Finally, we provide a pictorial
essay illustrating the range of such diagnoses, brieﬂy discussing
each one.

General Considerations and
Historical Background
The ﬁrst pathologic description of pneumatosis has been
attributed18 to the anatomist Johann Georg Duvernoy (16911759) who documented it after a cadaver dissection in its Latin
manuscript published in the Commentaries of the Imperial
Academy of Science of Petersburg for the years 1730-1731
(printed in 1738), “Aer intestinorum tam sub extima quam intima
tunica inclusus: observationes anatomicae” (“The air trapped
between the innermost and the outermost intestinal layers:
anatomical observations”, authors' own translation).19 In 1876
Bang ﬁrst described the histomorphologic ﬁndings of pneumatosis.20 In 1899 Hahn recognized the great similarity of
these ﬁndings in animals and humans, being also the ﬁrst to
describe pneumatosis in a living person.21 Although some
authors4 claim that Lerner and Gazin reported the ﬁrst
preoperative diagnosis through radiologic ﬁndings in 1946,22
actually this was ﬁrst made by Baumann-Schenker in 1939.23
However, Lerner & Gazin22 are recognized for coining the
term “pneumatosis intestinalis”, which appeared for the ﬁrst
time in the USA radiology literature.7 Indeed, throughout
medical history pneumatosis has been described under many
names, including “bullous emphysema of the intestine,” “cystic
lymphopneumatosis,” “peritoneal lymphopneumatosis,” “pseudolipomatosis,” “gas cysts of the intestine,” “intestinal emphysema,” “interstitial emphysema,” “pneumatosis coli”, etc.24-29
The exact incidence of this ﬁnding in the general population
is not precisely known, with some studies showing
rates around 0.03%-0.2%.30 However, this may be an

underestimated rate, as a number of asymptomatic cases
may go undetected and unreported. On the other hand,
current widespread use of abdominal computed tomography
(CT), increased performance of surgical and interventional
procedures and new medical treatments may contribute to the
increasing detection of pneumatosis.10

Pathogenesis
Despite decades of debates, the pathogenesis of pneumatosis
remains not entirely understood and multiple hypotheses have
been proposed.1,8,13,31-36 Because of a wide range of diseases
are associated with this phenomenon, it seems reasonable to
accept that its pathogenesis is complex and most likely
multifactorial. Figure 1 summarizes the 2 most widely accepted
hypotheses for the development of pneumatosis, namely the
mechanical and bacterial theories. The mechanical theory
proposes that gas enters the wall of the alimentary tract either
for increased intraluminal pressure in the context of a relatively
intact mucosa (eg, blunt trauma, vomiting, chronic cough, and
other conditions contributing for the increase of intra-abdominal pressure) or owing to increased mucosal permeability
resulting from direct mucosal injury (ischemia, inﬂammation,
trauma, corticosteroids, cytotoxic therapy, etc), a defective
intestinal immune barrier (immunodeﬁciency, immunosuppression, etc) or both.1,8,31-33 Moreover, a conjunction of
increased mucosal permeability and increased intraluminal
pressure may occur, enhancing the possibility of development
of pneumatosis, such as in cases of endoscopical procedures
or obstruction, when minor mucosal injury associated
to elevated intraluminal pressure may favor development of
pneumatosis.8
The bacterial theory proposes that gas-producing luminal
bacteria can lead to formation of intramural gas either by direct
mural invasion (through the previously addressed mechanisms
of disrupted mucosa or defective immune barrier) or by direct
gas diffusion, owing to formation of a pressure gradient
(tension of gas produced by intraluminal bacteria would
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exceed the physiological tension of blood gases, favoring its
diffusion to submucosal vessels).8,13,34,35,37 As it is possible to
devise, depending on the cause of pneumatosis, an interaction
of distinct mechanisms occurring simultaneously is feasible. A
third theory postulates that pulmonary gas may be the origin of
pneumatosis owing to the association between pulmonary
disease and pneumatosis;38 however, this theory has been
criticized on the basis of lack of evidence,8,36,37 being more
likely that the link between pulmonary disease and pneumatosis occurs merely owing to ﬂuctuations in intra-abdominal
pressure caused by pulmonary obstruction.8

Causes of Pneumatosis: Benign
to Life-Threatening
Pneumatosis has been associated to at least 60 causative factors
since 1952, when Koss reviewed the worldwide medical
literature, with an incidence of 15% of primary pneumatosis
vs 85% of secondary causes.1 Secondary causes include a range
of pulmonary, systemic, autoimmune, infectious, and gastrointestinal conditions; moreover, numerous other iatrogenic
and drug-induced causes have been reported.1,2,7,9,10
Table 1 summarizes the major documented diseases and
conditions associated with pneumatosis of the alimentary tract.
For the purpose of deﬁnition and to follow the literature
on the theme, the causes of pneumatosis are herein divided
into 2 subgroups: benign and life-threatening. Benign
pneumatosis is a self-limited condition often managed
conservatively; “life-threatening”9 or “clinically worrisome”39
pneumatosis, on the other hand, has an underlying cause that
typically requires speciﬁc medical therapy (often a surgical
approach) and substantial morbimortality if not timely
addressed.39

Is It Possible to Differentiate
Between Benign and LifeThreatening Causes of
Pneumatosis?
Traditionally, the clinico-radiological parameters affecting the
outcomes of patients with pneumatosis have only been
examined by isolated case reports and small series studies.17
Moreover, the most frequent symptoms reported in cases of
pneumatosis, such as diarrhea, bloody stools, abdominal pain,
constipation, weight loss, and tenesmus40 are nonspeciﬁc and
do not allow a conﬁdent discrimination between benign and
life-threatening causes. Thus, it is imperative to identify clinical,
laboratory, and radiological parameters that could more
accurately allow such a distinction. Although currently there
is yet no widely accepted and employed deﬁnitive algorithm in
the medical community,41 in the last years a number of original
studies have been carried out in order to deﬁne which
parameters might better allow to distinguish patients requiring
urgent intervention from those with benign causes. In Table 2
we provide a review of these original studies and summarize
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their results15-17,39,41-46; all of them were published within a
10-year timeframe (2004-2014) and encompassed a total
of 1421 subjects. Although deﬁnitive algorithms, clinicoradiological scores, or expert consensus are yet to be deﬁned
in the world medical literature, we highlight in Table 3 the
main clinical, laboratory, and imaging ﬁndings that are more
consistently associated to worse outcomes, increased mortality,
or increased rates of intestinal ischemia or necrosis across these
studies. For that, separately in each category (clinical, laboratory, and imaging) we selected only the ﬁndings concurrently
reported by studies with positive results and that gathered, in
conjunction, at least 50% of subjects; this established a
threshold of 603, 646, and 494 subjects in the clinical,
laboratory, and imaging categories, respectively. We ﬁnd this
strategy useful as it valorizes the results provided by studies
with bigger samples and increased statistical power while
minimizing the possible biases and confusing results arising
from smaller studies or even from studies that did not equally
addressed each category. In a clinical practice context, ﬁndings
listed in Table 3 should increase suspicion for life-threatening
causes of pneumatosis.

Imaging Considerations on
Pneumatosis: Findings, Patterns,
and Pitfalls
Pneumatosis is detected most frequently by CT or plain
radiography. Currently, CT is the most sensitive imaging
modality and the technique of choice for identifying this
ﬁnding.47,48 Once pneumatosis is detected, a careful search for
ominous ﬁndings should be performed, and bowel ischemia
must be excluded ﬁrst and foremost.49 These radiological
ﬁndings include some less speciﬁc ones, such as bowel wall
thickening, bowel dilation, free peritoneal ﬂuid, mesenteric fat
stranding, and pneumoperitoneum.50 Presence of portomesenteric venous gas reaches an speciﬁcity of approximately
100% for ischemic bowel when seen in conjunction with
pneumatosis49; however, it also may occur in a variety of
nonischemic conditions that are not associated with potentially
fatal outcomes14,51,52 and should be interpreted with
caution, especially in the absence of other concerning CT
ﬁndings, clinical signs, or symptoms of ischemia. More
speciﬁc imaging ﬁndings in patients with pneumatosis of
ischemic causes include decreased or absent wall enhancement, solid organ infarctions, or perfusion defects, and signs of
arterial or venous mesenteric occlusion (Fig. 2), although
they are more difﬁcult to diagnose and are not always
present.53
Regarding the morphological patterns of gas formation in
pneumatosis, 2 types are commonly described: (1) cystic or
bubbly, characterized mainly by small, round, isolated foci of
parietal gas collections and thought to be most frequently
associated to benign causes; and (2) linear or curvilinear,
characterized by continuous bands of gas, thought to be more
associated to ischemic or life-threatening causes.54 However,
this should not be considered a rule, as both types can be
coexist in certain cases (Fig. 3), and different studies have
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Table 1 Main Diseases and Conditions Associated With Pneumatosis Intestinalis.

Benign
Systemic/Autoimmune
Scleroderma
Systemic lupus

Infectious
HIV/AIDS
Other viral diseases (varicella-zoster, cytomegalovirus,
rotavirus, adenovirus)
Candida albicans
Mycobacterium tuberculosis

Polymyositis
Dermatomyositis
Sjogren syndrome
Polyarteritis nodosa
Sarcoidosis

Organ transplantation
Bone marrow
Kidney
Liver
Lung
Heart
Graft versus host disease

Drugs
Corticosteroids
Chemotherapy
Chloral hydrate
Lactulose
Sorbitol
α-glucosidase inhibitors

Pulmonary
Asthma/chronic obstructive pulmonary disease

Gastrointestinal
Pyloric stenosis
Intestinal pseudo-obstruction and obstruction
Adynamic ileus
Peptic ulcer
Ulcerative colitis
Crohn's disease
Leukemia
Perforated jejunal diverticulum
Whipple disease
Intestinal parasites
Enteritis
Diverticulitis
Appendicitis
Colitis
Carcinoma

Emphysema
Chronic bronchiectasis
Bronchitis
Pulmonary ﬁbrosis
Positive end-expiratory pressure
Cystic ﬁbrosis

Iatrogenic
Endoscopy
Barium enema
Jejunoileal bypass
Tube placement
Postsurgical anastomosis

Primary
Idiopathic
Pneumatosis cystoides intestinalis

Life-threatening
Mesenteric vascular disease
Intestinal ischemia
Intestinal obstruction/strangulation
Necrotizing enterocolitis

Toxic megacolon
Trauma
Ingestion of corrosive agents
Enteritis/colitis

HIV, human immunodeﬁciency syndrome.

reported mixed results on this issue,10,54 possibly owing to a
true lack of clinical signiﬁcance of this radiographic ﬁnding.46
Pseudopneumatosis (Fig. 4) is an important pitfall that may
lead to a misdiagnosis of pneumatosis of the alimentary tract
and, therefore, awareness of imaging features that may differentiate between pneumatosis and pseudopneumatosis is
pivotal for an adequate clinical management. Pseudopneumatosis refers to the condition when intraluminal beads of gas are
trapped within or between feces and the adjacent mucosal
folds.55 Such condition is more commonly seen in the cecum

and ascending colon, where an admixture of liquid stool and
gas facilitates its occurrence.55 An important sign that suggests
pseudopneumatosis rather than true pneumatosis is the
presence of a gas collection against the bowel wall that
suddenly stops at the free gas-ﬂuid level within the bowel
lumen; continuation of the gas along the bowel wall beyond
the gas-ﬂuid level, on the other hand, mostly suggests a true
pneumatosis intestinalis.55 Finally, lipomatosis (a ﬁnding
observed particularly in patients with longstanding steroid
use) may be misdiagnosed as pneumatosis without the use of

N

Comments

Outcomes

Clinical
Parameters

Laboratory
Parameters

Hawn
et al.15

86

Adult patients enrolled
between 1993 and 2001
Overall mortality rate of 42%

Mortality

-

Lactate 42.0 mmol/L (*) (OR ¼ 30.37; 95%
CI: 7.31-126.2)

Adult patients enrolled
between 1996 and 2006

Mortality
Surgery

Pre-existing sepsis (P ¼ 0.03) (*)
Age ≥ 60 y
White blood count 412/ (P ¼ 0.03) (*)
mm3
*
Emesis (P ¼ 0.01) ( ) (P ¼ 0.03) (*)

Greenstein 40
et al.42

Overall mortality rate of 20%

Imaging Parameters

Lactate ¼5.4 mmol/L
(1.6-7.8) (P o 0.01)
Creatinine ¼1.9 mg/dL
(1.2-2.7) (P o 0.001)
Total bilirubin ¼7.7 mg/
dL (1.0-3.6) (P o 0.01)
pH ¼ 7.23 (7.06-7.36) (P
o 0.004)
APACHE II score ¼ 25 (P o 0.001)

Morris
et al.16

97

Adult patients enrolled
between 2000 and 2007
Overall mortality rate of 22%

Mortality

-

Olson
et al.39

44

Children (6 mo-18 y) enrolled
between 2000 and 2008

“Clinically worrisome”
pneumatosis

-

-

Bowel wall thickening (51.2% vs 13.3%,
P ¼ 0.0167)
Ascites (82.8% vs 33.3%, P ¼ 0.002)
Mesenteric fat stranding (55.2% vs 20%,
P ¼ 0.0228)

Wayne
et al.41

88

Exploratory series of 74
consecutivelly enrolled
patients between 2004 and
2007

Acute mesenteric ischemia

Abdominal pain
Lactate 43.0 mmol/L
(P ¼ 0.01)
(P ¼ 0.006)
Coronary artery
disease (P ¼
0.02)
Peripheral
vascular disease
(P ¼ 0.005)

Pneumatosis restricted to the small bowel
(P ¼ 0.04)

Conﬁrmatory series of 14
consecutivelly enrolled
patients in 2008
Duron
et al.43

150 Adult patients consecutivelly Life-threatening causes of
enrolled between 2003 and
pneumatosis conﬁrmed at
2009
laparotomy
Overall mortality rate of 30,7%
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Table 2 Summary of the Results of Original Studies Addressing the Main Clinical, Laboratory, and Imaging Parameters Associated to Worse Clinical Outcomes in Pneumatosis.
Study

Signs of peritonitis Lactate 4 2.5 mmol/L (P ¼ Bowel dilatation (P ¼ 0.001) (*)
(P ¼ 0.007) (*)
0.02) (*)
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Table 2 (continued )
Study

N

Lee et al.44 84

DuBose
et al.45

Comments

Outcomes

Clinical
Parameters

Adult patients with cancer
enrolled between 2008 and
2009

“Clinically worrisome”
pneumatosis

-

-

Age≥ 60 y
(P o 0.001)
Chronic renal
failure (P o
0.001)
Abdominal
distension
(P o 0.001)
Signs of peritonitis
(P o 0.001)
Absent bowel
sounds
(P o 0.001)
Abdominal rigidity
(P o 0.001)
Use of steroids or
antibiotics
(P o 0.001
Mechanical
ventilation
(P o 0.001)
Concurrent
pneumonia
(P ¼0.017)
Blood stream
infections
(P ¼0.017)
Hypotension/
vasopressor use
(P o 0.001
Acute renal failure
(P o 0.001)
Sepsis (P o 0.001)

Lactate 42.0 mmol/L
Small bowel pneumatosis (P o 0.001)
(P o 0.001)
Creatinine 42.0 mg/dL (P Extensive pneumatosis (P o 0.001)
o 0.001)

500 Multicenter study (8 centers
Conﬁrmed transmural
across the USA) that enrolled ischemia at surgery
adult patients between 2001
and 2010

Laboratory
Parameters

Imaging Parameters
Bowel wall thickening (P o 0.001)
Ascites (P o 0.001)
Bowel dilatation (P ¼ 0.004)
Mesenteric fat stranding (P o 0.001)
Pneumatosis restricted to the small bowel
(P ¼ 0.012)
Portomesenteric venous gas (P ¼ 0.02)

White blood count o5
Ascites (P o 0.001)
or 411×103/µL
(P o 0.001)
Blood urea nitrogen
Arteriovenous mesenteric occlusion
420 mg/dL (P o 0.001
(P ¼ 0.002)
Abnormal coagulation
Portomesenteric venous gas (P o 0.001)
índices, bilirubin, and
transaminases (variable P
values, all signiﬁcant at P
o 0.05)
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appropriate window settings at CT. Moreover, whereas both
pneumobilia and portal venous gas are causes of an intrahepatic branching gas pattern, these conditions should be
differentiated based on the fact that biliary gas is usually located
at the level of hepatic hilum, whereas intrahepatic portal
venous gas spreads to the periphery of the liver with the blood
ﬂow, although it is possible for pneumobilia and portal vein
gas to coexist.56

Benign Causes of Pneumatosis
Although some authors argue that it is inappropriate to divide
pneumatosis into primary and secondary forms as it is always
secondary to some other cause,7,38 primary or idiopathic
pneumatosis has been radiologically used in reference to a
minority of cases where mural gas collections are found,
usually cystic in appearance, implying in a chronic, benign
idiopathic etiology (Figs 5 and 6).4 On the other hand, the vast
majority of cases (secondary forms) are indeed associated with
various diseases with a range of severity, discussed later.

Systemic or Autoimmune

OR, odds ratio.
⁎
Refers to results of multivariate analysis; remainder of data results from univariate analyses.

Abdominal rigidity Creatinine 41.5 mg/dL (P Extensive pneumatosis (involving small
(P ¼ 0.002)
¼ 0.018)
bowel and colon or 42 bowel segments)
(P o 0.001)
Ascites (P o 0.001)
Portomesenteric venous gas (P o 0.001)
Signs of peritonitis Albumin o3.0 g/dL
Decreased or absent mural enhancement
(P o 0.001)
(P¼0.009)
(P o 0.001)
Hypotension
Bicarbonate ≤20 mmol/L Curvilinear gas shape (P o 0.001
(P o 0.001)
(P¼0.014)
Mortality
Lee et al.17 123 Adult patients enrolled
between 2001 and 2010

Largest sample to date with
highest statistical power

Acute lung injury
(P o 0.001)
Multiorgan failure
(P o 0.001)

Age≥ 60 y
Blood urea nitrogen
(P o 0.05)
425 mg/dL (P o 0.05)
Signs of peritonitis
(P o 0.05)
Hani et al.46 209 Adult patients enrolled
Conﬁrmed intestinal ischemia/
between 1983 and 2007
necrosis
Overall mortality rate of 30,7%
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Pneumatosis is associated with a range of autoimmune
disorders, most commonly scleroderma (Fig. 7), but also
systemic lupus erythematosus, Sjogren syndrome, dermatomyositis, polymyositis, etc.57-60 It is likely that pneumatosis in
patients with autoimmune diseases is multifactorial.57 Most of
these patients are maintained on glucocorticoid therapy (the
most common drug associated with pneumatosis),57 which
may lead to a defective intestinal immune barrier or mucosal
injury. Beyond the immunosuppressive therapy, in the setting
of an autoimmune disease mucosal integrity may be compromised by various other factors, including vasculitis, ischemic
ulcers, or peptic ulcer disease.57 Finally, the atrophy of the
muscularis propria and its replacement by collagen tissue (as
observed in cases of gastrointestinal involvement by scleroderma and related conditions) may result in dysmotility and
consequently increased intraluminal pressure, possibly playing
a role in its pathogenesis.57,58 Pneumatosis in such settings
have a good prognosis and usually do not require surgical
intervention once an acute intra-abdominal emergency has
been excluded.57,61

Infectious Diseases
In the early days of AIDS epidemic an association between
pneumatosis and human immunodeﬁciency virus or AIDS was
reported, although nowadays this association seems to be less
common, presumably owing to advances in drug therapy.9
AIDS-related pneumatosis has been described to involve
predominantly the cecum, similarly to cases of related to
cytomegalovirus infections, typhlitis, and renal and bone
marrow transplantations, probably as result of cytomegalovirus,
Mycobacterium avium-intracellulare, or Cryptosporidium infections.62,63 Yet, similarly to these conditions, predisposition for
cecal involvement in patients with AIDS has been proposed to
be a result of impaired lymphatic drainage in this region (for eg,
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Table 3 Clinical, Laboratory, and Imaging Findings Most Consistently Associated With Life-Threatening Causes of Pneumatosis.
Clinical

Laboratory

Imaging

Age≥ 60 y
Signs of
peritonitis
Hypotension
Abdominal
rigidity

Increased serum lactate (ranging from 42.0-43.0 mmol/L
across studies)

Small bowel pneumatosis
Extensive pneumatosis (involving small bowel
and colon)
Arterial or venous mesenteric occlusion
Ascites
Portomesenteric venous gas

Increased serum creatinine (ranging from 41.5-42.0 mg/dL
across studies)

owing to lymphatic obstruction or lymphadenopathy) in
combination with immunocompromise.62 Pneumatosis in
patients with AIDS usually has an indolent course and does
not necessarily require a surgical treatment.62,63

Organ Transplantation
Pneumatosis occurring after transplantation has been reported
in a range of settings, including bone marrow,64 kidney,65
liver,66 heart,67 and lung68 transplantations, as well as in the
context of graft versus host disease.64 Proposed factors leading
to pneumatosis in organ transplantations include mucosal
disruption secondary to chemotherapy and immunosuppression.64 Pneumatosis is often a benign and self-limited condition in this setting, the patients are often mildly symptomatic
or asymptomatic, right colon is most commonly involved, and
pneumoperitoneum is not infrequent (not owing to a full
mucosal perforation, but rather owing to a rupture of a

pneumatocele).64,69,70 In some series, no patients required
surgical intervention or had a fatal outcome secondary to
pneumatosis,64 which highlights the importance in providing
appropriate conservative therapy and minimizing unnecessary
surgical interventions. In a small fraction of patients, however,
life-threatening pneumatosis may occur and, in these cases,
imaging signs of small bowel involvement, caliber changes in
mesenteric vessels, portomesenteric air-embolism, visceral
infarction, hemorrhagic ascites, and small bowel ileus should
raise concern for a more ominous course.66

Drugs
Although drug-induced pneumatosis is most commonly
associated to corticosteroid administration,57 a range of other
drugs has been implicated as causative agents, such as
sorbitol,71 lactulose,72 α-glucosidase inhibitors,73 and chemotherapy (Fig. 8).74 Possible mechanisms range from lymphoid

A

B

C

D

E

F

Figure 2 Distinct patterns of bowel wall enhancement and clinical outcomes. Upper row images (A-C) reveal no mural
enhancement of a thickened intestinal segment, correlating with the surgical ﬁndings of bowel necrosis. Bottom row images
(D-E) reveals focal mural thickening of bowel, but with presence of contrast enhancement; this patient had a good clinical
evolution with conservative treatment, despite the presence of portal and mesenteric thrombosis (red arrows in F). (Color
version of ﬁgure is available online.)
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gastric pneumatosis owing to necrosis induced by sevelamer
(a drug indicated for treating hyperphosphatemia in patients
with chronic kidney disease)75 and of transient abdominal
pneumatosis after consumption of illicit drugs such as
ecstasy76 have been also reported.

A

Pulmonary
A range of pulmonary diseases have been associated with
pneumatosis of the alimentary tract. In 1961 Keyting et al38.
hypothesized that, in the context of pulmonary disease and in
the lack of demonstrable gastrointestinal diseases, a mechanism of alveolar rupture with air dissecting interstitially along
the bronchopulmonary bundles to the mediastinum and then
retroperitoneally along the vascular supply of the viscera could
be the cause of pneumatosis. However, the low frequency of
associated mediastinal emphysema or mesenteric gas in such
contexts has been appointed as an argument to refute this
theory.7,37 Documented pulmonary causes of pneumatosis
include asthma,77 chronic obstructive pulmonary disease,78
emphysema,79 bronchitis,80 chronic bronchiectasis,81 pulmonary ﬁbrosis,38 cystic ﬁbrosis,82 and positive end-expiratory
pressure.83

B

Figure 3 Distinct morphological patterns of pneumatosis in the same
patient. CT scan reveals extensive intestinal ischemia, with mesenteric
densiﬁcation (*), and colonic and small bowel pneumatosis, characterized by multiple small circular foci of gas (red arrows); these
bubbles may coalesce to form a curvilinear pattern (white arrows in B).
(Color version of ﬁgure is available online.)

Gastrointestinal

depletion and loss of structural integrity of the bowel wall in
cases of immunosupression associated with corticosteroids
and chemotherapy,5 to gas production by intestinal bacteria
through fermentation of carbohydrates whose absorption is
inhibited by α-glucosidase inhibitors.73 Recently, cases of

A

A number of neoplastic, inﬂammatory, infectious, congenital,
and mechanical conditions of the gastrointestinal tract are
associated with pneumatosis, occurring in any age group, from
neonates to the elderly. Yet, it should be noted that a number

B

C

Figure 4 Pseudopneumatosis in a 42-year-old patient with intestinal obstruction for a left colon neoplasm. Coronal CT
(A) reveals a pattern resembling pneumatosis intestinalis of the right colon; however, no mural thickening is seen at this
level. Axial CT image (B) demonstrates a stop of the gas content (red arrows) at a gas-ﬂuid level (circle), with no image of
mural gas in the anterior aspect of such segment; these ﬁndings and location are most typically related to
pseudopneumatosis. Neoplastic focal mural thickening of the left colon is seen on C (white arrow) leading to obstruction.
(Color version of ﬁgure is available online.)
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A

B

Figure 5 Pneumatosis cystoides intestinalis in a 35-year-old asymptomatic man. (Color version of ﬁgure is available online.)

A

B

Figure 6 Isolated cecal pneumatosis (yellow arrows) in a 34-year-old man with a benign, self-limiting clinical course. (Color
version of ﬁgure is available online.)

A

B

C

D

Figure 7 A 50-year-old patient with a longstanding history of scleroderma. Lung-window CT (A,B) reveals extensive ﬁbrotic
changes in lower lobes of the lungs, and pneumatosis intestinalis (red arrows) involving the colon (B-D). (Color version of
ﬁgure is available online.)
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A

B

Figure 8 A 29-year-old woman on chemotherapy treatment for lymphoma. CT (A) reveals hepatosplenomegaly and
extensive retroperitoneal lymphadenopathy (*); CT with lung-window (B) demonstrates colonic pneumatosis (red arrow).
(Color version of ﬁgure is available online.)

A

B

Figure 9 Gastric pneumatosis in a newborn with annular pancreas. Radiograph (A) shows massive gastric dilation and
pneumatosis, with paucity of gas in small bowel and colon, suggesting gastric outlet obstruction. CT (B) conﬁrms the
aforementioned ﬁndings. An annular pancreas causing gastroduodenal obstruction and pneumatosis was conﬁrmed at
surgery.

A

B

Figure 10 Idiopathic benign gastric pneumatosis in a 50-year-old woman with mild abdominal pain. CT (A and B) reveals
portal venous gas (red arrows) and gastric pneumatosis (yellow arrow in B), raising suspicion for emphysematous gastritis.
However, the patient was in a good general state, laboratory examinations were unremarkable and an upper GI endoscopy
revealed only mild gastritis. The patient was discharged asymptomatically after 2 days, with no speciﬁc treatment. (Color
version of ﬁgure is available online.)
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Figure 11 A 65-year-old woman with acute diverticulitis. CT reveals portal venous gas (A, red arrow), mesenteric venous gas
(B, yellow arrow), and signs of acute diverticulitis (C), characterized by sigmoid diverticula (blue arrow) and densiﬁcation of
fat planes of the surrounding mesocolon (*). (Color version of ﬁgure is available online.)

of causes and associations occur under both benign and
life-threatening categories, depending on each patient's clinical
history, evolution, etc.
Pneumatosis in children is most commonly associated with
the diagnosis of necrotizing enterocolitis (further discussed)
during the neonatal period.39 It is thought that in children
beyond the neonatal period causes of pneumatosis are similar
to those seen in adults,9,39 although some speciﬁc studies
focused in this age group have been described it also in healthy
children, patients with decompensated congenital heart disease, motility disorders, gastroschisis, short bowel syndrome,
iron ingestion, nesidioblastosis, bronchopulmonary dysplasia,
and malrotation.84,85 In this speciﬁc age group is also of
particular importance to be aware of a number of conditions
that may cause obstruction of the gastrointestinal tract and,
ultimately, pneumatosis. Pyloric atresia or stenosis,86,87 duodenal web,88 duodenal atresia,89,90 duodenal stenosis,91 annular pancreas (Fig. 9),92 lactobezoar,93 and intestinal
malrotation94 are all them some factors that may course with
gastric pneumatosis (a very rare ﬁnding in children)87 or
pneumatosis intestinalis.
Gastric pneumatosis is also a rare ﬁnding in adults (Fig. 10),
being the rarest form of pneumatosis of the alimentary tract;95

this is a generalized term to describe the presence of intramural
gas in the stomach, also used synonymously with “gastric
emphysema.”96 Gastric pneumatosis also ranges from lifethreatening emphysematous gastritis to self-limited and idiopathic causes. Emphysematous gastritis is a severe, potentially
lethal condition, with a high mortality rate, associated with
signs of systemic toxicity.95 Patients with other benign causes
of gastric pneumatosis, on the other hand, are usually
asymptomatic or pauci-symptomatic, without signs of systemic toxicity or ominous laboratory tests results, and usually
present a self-limiting condition.96 Portal venous gas, pneumatosis intestinalis, and pneumoperitoneum are often associated ﬁndings and should not be used to distinguish both
groups.96
Involvement of the small bowel and colon are far more
common and attributed to a range of conditions, the main of
them being inﬂammatory and infectious diseases (diverticulitis
[Fig. 11], appendicitis, colitis, enteritis, inﬂammatory bowel
diseases, parasitoses), neoplasms (colorectal cancer, leukemia,
etc), as well as adynamic ileus, pseudo-obstruction, and bowel
obstruction.7-10,54

Iatrogenic
Iatrogenic pneumatosis may result mainly from endoscopic
procedures (with or without biopsy), tube placement (Fig. 12),
barium enema, and surgical procedures (Fig. 13).7-10,54,97,98 It
should be noted that iatrogenic pneumatosis is an important
cause of esophageal pneumatosis, an extremely rare event, with
a recent review describing only 9 case reports in the world
literature (most of them occurring after esophagoscopy and
surgical procedures).99 We herein add a rare case of esophageal
pneumatosis occurring after tube placement (Fig. 12).

Figure 12 Iatrogenic pneumatosis intestinalis after nasogastric intubation. CT demonstrates the presence of gas in the portal venous system
(red arrow), intramural gas in the stomach (yellow arrow) and
esophagus (yellow arrowhead), as well as perihepatic free ﬂuid (*).
(Color version of ﬁgure is available online.)

Life-Threatening Causes of
Pneumatosis
Mesenteric ischemia (Figs. 14 and 15) is the most common lifethreatening cause of pneumatosis.9 Although occasionally a
thromboembolic origin can be clearly identiﬁed when a
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Figure 13 A 27-year-old man who underwent a rectal resection for an adenocarcinoma, with a surgical anastomosis in the
lower rectum (not shown). Imaging ﬁndings (A-C) on the third postoperative day reveals intramural gas (red arrows)
involving the left colon and remaining rectum. (Color version of ﬁgure is available online.)

A

B

C

D

Figure 14 Temporal evolution of mesenteric ischemia in a 68-year-old woman. Initial CT scan revealed cecal pneumatosis
(yellow arrow, A) and mesenteric venous gas (white arrows, A and B). A repeat CT scan after 12 hours shows progression of
pneumatosis to the whole right colon (yellow arrow, C). Note the poor distribution of right mesenteric vessels (*) in
comparison to contralateral, left branches (red arrow, D). (Color version of ﬁgure is available online.)
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Figure 15 Mesenteric ischemia in a 72-year-old patient with aortic dissection. CT (A) reveals gas in the portal venous system
(red arrow) and in the superior mesenteric artery (yellow arrowhead), and vascular exclusion of the left kidney (*).
Extensive colonic and small bowel pneumatosis (yellow arrows; B,C) is also seen, with mesenteric venous gas (white arrow
in B). (Color version of ﬁgure is available online.)

mesenteric artery or one of its branches is occluded, but when
the vessel occlusion is very distal or at the level of microcirculation it cannot be identiﬁed by CT9,54; most commonly,
however, the exact cause of ischemia is never established.
Other potentially life-threatening causes of pneumatosis
include toxic megacolon, bowel obstruction or strangulation,
and trauma.8-10,54 Speciﬁcally in newborns, an additional
mention must be made to necrotizing enterocolitis, the main
cause of life-threatening pneumatosis in this age group, as
previously stated39 (Fig. 16).

Conclusion
A wide spectrum of conditions, ranging from benign to
life-threatening, is associated with pneumatosis of the
alimentary tract. Radiologists should be aware of this

A

extensive list of conditions in order to interpret this
radiological ﬁnding in the light of clinical and laboratory
correlation, ultimately helping to reach a conﬁdent diagnosis or narrowing the differential diagnoses. Although a
careful search for radiological ominous ﬁndings must be
routinely performed and bowel ischemia should be
excluded ﬁrst and foremost, benign causes are very
common and should be identiﬁed when possible in order
to avoid unnecessary and potentially harmful surgical
interventions. Increased age, abdominal rigidity, and other
signs of peritonitis, hypotension, increased serum lactate
and creatinine, involvement of the small bowel by pneumatosis or extension also to the colon, ascites, portomesenteric venous gas, and identiﬁcation of arterial or venous
mesenteric occlusion seem currently to be the main factors
associated with increased morbimortality and that should
be arise suspicion for potentially lethal etiologies.

B

C

Figure 16 Necrotizing enterocolitis in a newborn. Radiograph (A) shows extensive pneumatosis involving mainly colonic
segments. Ultrasound (B) shows bowel dilation and several parietal echogenic foci corresponding to intramural gas. Clinical
image obtained during surgery (C) conﬁrms multiple intramural gas pockets. (Color version of ﬁgure is available online.)
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