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Purpose To determine the clinical features, imaging findings and possible causes of pneuma-
tosis intestinalis (Pl) in thoracic disorder patients.

Materials and Methods From 2005 to 2017, Among 62 Pl patients, four of Pl related with tho-
racic disease (6%) were identified. Medical records were reviewed to determine the clinical pre-
sentation, laboratory findings and treatment at the time of presentation of PI. Two experienced
chest radiologists reviewed all imaging studies and recorded specific findings for each patient.
Results The causative thoracic diseases for each four patient were severe asthma, emphysema
and airway obstruction. The imaging appearance of PI, including the involved bowel segment
and pattern of the air, were divided into two mesenteric vascular territories; three of our cases
showed linear pattern of Pl located in the ascending & proximal transverse colon and the fourth
case (lung cancer) had bubbly and cystic Pl in the distal transverse and descending colon. All of
the remaining 3 patients, except one patient who had not been followed up, improved within 1
month by conservative treatment.

Conclusion Thoracic disorder with obstructive lung disease may result in the development of
benign PI. Such Pl in thoracic disease patients has a similar linear and cystic appearance with
ischemic bowel disease, but can nevertheless be managed by conservative treatment.

Index terms Pneumatosis Cystoides Intestinalis; Asthma; Emphysema; Airway Obstruction

INTRODUCTION

Pneumatosis intestinalis (PI) is a radiologic finding characterized by formation of gas
bubbles within the bowel wall and is a rare disorder which has recently come to in-
creased clinical attention due to improved radiographic identification (1, 2). PI has been

reported in association with many clinical conditions ranging from benign to the life-
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threatening, and it is important to promptly diagnose this disorder, because the overall mor-
tality is estimated to be between 20% and 47% (3, 4). Since secondary PI suggesting underly-
ing pathology accounts for about 85% of cases (5) and can represent a wide range of
pathologies, delineating the certain etiology may be difficult. The reported cause of the PI is
not exclusively limited to gastrointestinal tract pathology and pulmonary causes, while de-
batable, have been suggested such as asthma, cystic fibrosis and other obstructive broncho-
pathologies e.g., chronic obstructive pulmonary disease (COPD) (6).

To our knowledge, there has not been a series of secondary PIs associated with pulmonary
disease in the radiologic literature. The purpose of our study was to describe the clinical and
imaging features and outcomes of benign PI from a pulmonary disorder in four patients
treated at our institute. We emphasize the importance of early recognition of the overall clin-
ical picture for decision-making in a patient with dyspnea and a radiological finding of PI or
pneumoperitoneum to efficiently distinguish between benign and life-threatening PI.

MATERIALS AND METHODS

PATIENTS
From March 2005 to October 2017, consecutive four (6%) of 62 PI patients who developed

PI related with thoracic disease were identified in our institute. This study included four pa-
tients (two females and two males; age range, 43-79 years; mean age, 63 years) with CT scan
findings suggestive of PI. Abdomen CT (n = 3) and chest CT (n = 4) scans were available. Ini-
tially, a chest CT (n = 4, three enhanced chest CT and one low-dose chest CT) and brain CT (n
= 1) were performed because of major patient complaints (dyspnea and mental change), and
abdomen CT in three patients were subsequently performed. The time interval between the
chest CT and the abdomen CT was within 24 hours. Patient 2 was first diagnosed with lung
cancer by chest CT, and he refused further evaluation, including abdomen CT and followed
up the loss. Our Institutional Review Board approved this retrospective study, and the re-
quirement for informed consent was waived (EUMC 2018-08-001).

CT PROTOCOL

Abdominal CT examinations were performed by using a 16-channel multidetector-row CT
(MDCT) scanner (SOMATOM Sensation, Siemens Medical Solutions, Forchheim, Germany)
for two patients and a 64-channel MDCT scanner (SOMATOM Sensation 64, Siemens Medical
Solutions) for one patient. MDCT images were obtained from the diaphragm to the symphy-
sis pubis during a single breath-hold. A detector configuration of 1.5 mm X 16 and a table
speed of 24 mm per gantry rotation were used for 16-channel MDCT scans. A detector con-
figuration of 0.6 mm X 32 with a Z-flying spot system and a table speed of 38.4 mm per gan-
try rotation were used for 64-channel MDCT scans. A pitch of 1, a reconstruction thickness of
5 mm, 120 kVp and variable tube current (90-140 mAs) for both MDCT scanners were used.
Single-phase contrast-enhanced images were obtained at 90 or 100 seconds after the injec-
tion of 120 mL of the contrast agent (iohexol, Omnipaque 300; Nycomed, Zurich, Switzerland
or iopromide, Ultravist 300; Schering, Berlin, Germany) at a rate of 3 mL/s.

Chest CT scans were performed using a 16-channel MDCT scanner (SOMATOM Sensation)
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for all patients. The parameters for helical chest CT imaging were 120 kVp, 80-100 mAs, 5
mm collimation and a 10 mmy/sec table feed. Contrast-enhanced chest CT scans were ob-
tained after injection of 30 g of iodinated contrast agent (100 mL iopromide, Ultravist 300) at
a rate of 2.3 mL/s with the use of a power injector (OP100, Medrad, Pittsburgh, PA, USA).
The scan data were displayed directly on monitors (two monitors, 512 X 512 image matri-
ces, 12-bit viewable gray scale) coupled to a picture archiving and communication system

(Starpacs, Infinitt, Seoul, Korea).

CLINICAL ANALYSIS
A total of 62 patients had PI at our institution between March 2005 and May 2016. Among

these patients, the four patients (6%) who had PI with thoracic disorder without abdominal
lesion were included in this study. The medical records of the four patients were recorded
and included the following criteria: age, sex, clinical presentations, past medical histories,
physical examinations, laboratory data, treatments and outcome from PI or pneumoperito-

neum.

IMAGING ANALYSIS
The patient’s abdominal radiographs, chest radiographs, abdomen CT and chest CT scans

were reviewed by two radiologists with 15 years and 3 years of experience, respectively. On
abdomen CT, the extent of PI involved bowel segment, combined mesenteric and/or retro-
peritoneal gas and other abdominal lesions were recorded. On chest CT, an underlying pul-
monary finding was obtained, indicating the presence of an additional mediastinal or bony
lesion. All CT imaging data were retrospectively evaluated by 2 experienced radiologists, and

a final correlation of imaging findings were taken.

RESULTS

CLINICAL

The clinical findings for the four patients are summarized in Table 1. The underlying
known thoracic diseases were asthma, pulmonary emphysema and lung graft-versus-host
disease (GVHD) after peripheral blood stem cell transplantations for acute myeloid leukemia
in three patients (Patient 1, 2, 3). One patient (Patient 2) was diagnosed with lung cancer at
this hospital visit. The chief complaint of all patients was dyspnea, and one patient (Patient 4)
had dyspnea with a mental change. Abdominal symptoms were indigestion, poor oral intake,
and abdominal distension in three cases and one had no specific symptoms. All four patients
had soft abdomens and no tender points; only one patient had an abdominal distention.
There is no known history of a connective tissue disorder, inflammatory bowel disease, ac-
quired immune deficiency syndrome (AIDS), recent trauma, operative or endoscopic proce-
dure history in all the patients. Three of the patients had leukocytosis based on laboratory data.

All three patients (except follow up loss patient) were treated conservatively by medication
and parenteral nutrition, kept at nothing by mouth. Three patients showed improved PIs or
pneumoperitoneum within 1 month (range 7 days to 1 month). The guidance of the patient 2

(his son) came to the hospital after 1 month and told that patient complained the systemic pain.
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RADIOLOGIC FINDINGS

The radiologic findings are summarized in Table 2. PI was initially detected on chest radio-
graphs of three of four patients who had PI and the diagnosis was subsequently confirmed
by CT scans. In one patient (Patient 3) who did not have a chest radiograph when visiting the
outpatient clinic, PI (cecum to proximal ascending colon) was detected for the first time on a
follow-up abdomen CT. The amount of PI ranged mostly from moderate to extensive gas col-
lections in all patients. The cecum and ascending colon were involved with PI in three pa-
tients. In one patient (Patient 2), the PI extended from the distal transverse colon down to the
descending colon. None of the patients had PI involving the small bowel.

The underlying chest CT and chest X-ray showed findings compatible with asthma (n = 1)
(Fig. 1A, B) and pulmonary emphysema (n = 2). Two patients showed abruptly developed
complete airway stenosis due to an obstructive mass or aspirated material; initial detection
of presumptive lung cancer (Patient 2) (Fig. 2A, B) and abruptly developed total atelectasis in
left lower lobe with food impaction (Patient 4) (Fig. 3A). A patient with severe asthma exacer-
bations had a pneumomediastinum visible on a chest X-ray and a CT scan (Patient 1). Evi-
dence of bronchiolitis with small airway disease was seen in Patient 3.

In three patients with substantial PI, the intramural gas had very similar appearances. The
PI was dominated by a linear and tubular appearance that involved mainly the ascending co-
lon, with adjacent focal or extensive mesenteric or peritoneal gas collection (Figs. 1C, D, 3B,
C). The one patient with lung cancer (Patient 2) involving the distal transverse and the de-
scending colon showed an intramural cystic and bubbly bowel-wall appearance (Fig. 2C).
There was no case of bowel wall thickening or congestion of mesentery, which suggests the
presence of bowel-wall ischemia. There was no evidence of intestinal obstruction or entero-
colitis on the CT scan.

All three patients with a cecum and an ascending colon involving PI also had a pneumo-
peritoneum detected on a CT scan. The extraluminal gas ranged from focal gas collection to
a large area extending to the retroperitoneum and small bowel mesentery without portal ve-
nous gas. Radiological resolution of PI occurred within 1 month in this study, without signifi-
cant association between the extent of involvement and the duration.

Fig. 1. A43-year-old woman with severe asthma.

A. Chest X-ray posterior-anterior views shows pneumomediastinum (arrows) with Pl (arrowheads) on initial chest radiography.

B. These lesions are completely resolved after 1 month with conservative treatment.

C, D. Transverse and coronal abdomen CT scans (2.0-mm slice thickness) obtained with lung and wide window show linear patterns of Pl in-
volving from the cecum to proximal transverse colon.

Pl = pneumatosis intestinalis
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Fig. 2. A79-year-old man with lung cancer.

A. Chest X-ray posterior-anterior views shows decreased volume of left lung with mass and a nodule in right lower lung zone.

B. Transverse contrast-enhanced CT scan obtained with mediastinal window shows a large necrotic mass causing nearly complete stenosis of
left main bronchus (arrow).

C. Coronal chest CT scan obtained with lung setting shows cystic and bubbly appearance of pneumatosis intestinalis involving distal trans-
verse colon to descending colon.

Fig. 3. AT1-year-old man with choking by food material and aspiration pneumonia.

A. Transverse chest CT scan obtained with lung window taken after removal of aspirated food material shows atelectasis of left lower lobe
with residual food and mucoid impaction in the left main bronchus.

B, C. Transverse and coronal abdomen CT scan with bone window shows a linear pattern of pneumatosis intestinalis in the ascending colon.

DISCUSSION

This is the first reported series, to our knowledge, of PI in adult patients with thoracic dis-
eases without history of lung transplantations. There have been several case reports of PI
with a thoracic disorder, including asthma, chronic bronchiectasis, GVHD after chemother-
apy for lung cancer and a series of PI after lung transplantation (2, 5, 7-11). Among these,
COPD have been a well-known pulmonary cause and all our cases have been consistent
with obstructive lung disease such as asthma, emphysema, and airway obstruction. This
study, which excludes cases with other possible abdominal or systemic causes, demonstrat-
ed relatively short-term and severe events of dyspnea as initial symptoms of abrupt airway
obstruction or acute exacerbations of pre-existing obstructive lung disease in all cases.

In the reported cases of PI with a thoracic disorder, all the initial presentation is acute de-
veloped dyspnea consistent with this study, except for a case report of a 66-year-old women
who subsequently developed PI due to chronic bronchiectasis and presented with chronic
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diarrhea (5). Choi et al. (7) described PI with asthma (similar to our patient 1) occurring in a
74-year-old woman who complained of dyspnea during management of acute asthma exac-
erbations; the patient had no abdominal complaint, and PI resolved spontaneously.

Although PI can occur in the form of a primary PI without an apparently associated dis-
ease, most of the PI is secondary, due to various causes, to the point that the definition of sec-
ondary PI is in fact inadequate. The disease is caused by a variety of acute and chronic dis-
eases, including intestinal, pulmonary, systemic, iatrogenic, medication, and transplantation
in which there is a life-threatening disease that requires urgent treatment. Therefore, radiolo-
gists and clinicians need to be familiar with various underlying diseases of PI and their radio-
logic findings. However, among these conditions, the incidence of PI due to pulmonary dis-
ease is low, and most of them are not life-threatening; extensive PI seen on CT scans in
patients with respiratory symptoms can cause unnecessary evaluations, including invasive
procedure due to unfamiliar imaging findings, especially to the chest-imaging subspecialist.

Efforts have been made to understand the pathogenesis of PI and the pathophysiological
assessment of PI by other lesions, other than the gastrointestinal tract disorder, remains un-
clear. According to some theories, PI due to chest disease is presumed to be caused by the
ruptured alveoli entering the vasculature and migrating caudally to the retroperitoneum and
mesenteric vascular channels. This explanation is more convincing than transmural infiltra-
tion by subserosal location of air, however, has met with skepticism due to lack of pulmonary
and mesenteric interstitial air of patients (5, 12, 13). It has been also proposed that the associ-
ation between pulmonary disease and PI may simply be due to fluctuations in intra-abdomi-
nal pressure caused by pulmonary obstruction. Patients with chronic cough have increased
intra-abdominal pressure (14).

Three of our cases showed a linear pattern of PI located in the ascending and the proximal
transverse colon, and the one case had a different pattern and location of the air; bubbly and
cystic PI in the distal transverse and the descending colon. All previously reported cases of
asthma demonstrated a linear pattern of PI in the ascending and the proximal transverse co-
lon which was consistent with our asthma case (Patient 1) (7, 15). The association between
the air-collection pattern and distributed colon segment can be evaluated more in a further
study with a larger number of cases. Nevertheless, the imaging appearance of the involved
bowel segment divided by two vascular territories can support a presumed spectrum of PI;
dissection of air along vascular channels to the mesentery of the bowel. CT is the best imag-
ing modality for establishing the diagnosis of PI, as denoted by findings such as intramural
gas parallel to the bowel wall.

Our study has some limitations. The major limitation is the sample size, which was small
because of the low incidence of PI related with the thoracic disease. Second, the biopsy was
not performed for each intestinal lesion. However, all the clinical symptoms, laboratory and
radiologic findings did not suggest the possibility of malignant or ischemic bowel disease
and completely improved without any treatment for these illnesses on follow-up radiologic
assessments.

Patients in two cases of our study with airway obstruction (Patient 2 and 4) showed only
lung lesion and focal PI without combined pneumoperitoneum at initial chest X-ray. And

the major complaint in patients that presented dyspnea without related abdominal manifes-
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tation in all our cases might cause a clinician to overlook or misdiagnose the PI. Radiolo-
gists and clinicians not only need to be aware of these imaging findings and but also corre-
late them with clinical and laboratory data, before assuming that the patient has ischemia
or a malignant lesion of the colon and performing unnecessary further evaluation.

Our results have emphasized that PI detected in the abdominal field of chest CT or chest
PA in a patient with severe dyspnea or a cough might not be managed as an emergent or life-
threatening condition, since these lesions are almost benign PI and can be managed by con-
servative treatment. In conclusion, thoracic disorder with obstructive lung disease with
abrupt onset may result in the development of benign PI. Such PI in thoracic disease patients
has a similar linear and cystic appearance with ischemic bowel disease, but can nevertheless

be managed by conservative treatment.
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