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ABSTRACT

INTRODUCTION: Pneumatosis intestinalis is a rare condition that may be idiopathic or a sign of numerous
underlying gastrointestinal, pulmonary and systemic diseases.

PRESENTATION OF CASE: Herein, the case an otherwise-healthy 82-year-old female patient with vague
abdominal pain due to total colonic pneumatosis 20 days after completion of R-CHOP chemotherapy for
a stage IIE primary non-Hodgkin’s lymphoma of the terminal ileum submitted to right hemicolectomy
and ileal resection 6 months previously is presented. As no evidence of intramural bowel gas was present
on pre-operative CT, pneumatosis coli considered to be secondary. As no worrisome clinical, laboratory
and imaging findings were present, pneumatosis coli seemed to be benign. As no other etiologic factors
identified, pneumatosis coli considered to be chemotherapy-induced. The patient treated conservatively
with cessation of enteral nutrition and broad spectrum antibiotics with uneventfull recovery.
DISCUSSION: Pneumatosis intestinalis can be benign or life-threatening. Bowel obstruction, perforation,
ischemia and severe colitis represent the most life-threatening causes. In clinical practice it is often chal-
lenging to distinguish between life-threatening and benign pneumatosis intestinalis, a decision which
should be based on the presence or absence of worrisome clinical, laboratory and imaging findings.
CONCLUSION: In analogous cases, the main dilemma for the physicians is to identify whether surgical
intervention is required or not. Given the potential severity of pneumatosis intestinalis, early diagnosis

and recognition of its severity is critical as it would dictate surgical or non-surgical management.
© 2018 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

This work has been reported in line with the SCARE criteria [1].

Pneumatosis intestinalis (PI) is an imaging phenomenon rep-
resenting the presence of gas in the bowel wall. Based on autopsy
studies, its incidence has been estimated as 3 per 10,000 individuals
in the general population. Intramural gas may originate from intra-
luminal gastrointestinal gas, bacterial gas production, pulmonary
gas, and its collection in the bowel wall may be explained by the
following pathophysiological mechanisms: (a) bowel necrosis; (b)
mucosal disruption; (c) increased mucosal permeability; and (d)
pulmonary disease [2]. Bowel obstruction, perforation, ischemia
and severe colitis represent the most life-threatening causes of
PI. However, Pl may be the result of numerous non-ischemic and
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non-obstructive gastrointestinal conditions along with various pul-
monary and systemic conditions (Table 1) [3]. In clinical practice, it
is often challenging for the physician to distinguish between benign
and life-threatening PI, a decision which would dictate non-surgical
and surgical management, respectively.

Herein, the case an otherwise-healthy 82-year-old female
patient with vague abdominal pain due to total colonic pneumato-
sis 20 days after completion of R-CHOP chemotherapy for a stage IIE
primary non-Hodgkin’s lymphoma of the terminal ileum submit-
ted to right hemicolectomy and ileal resection 6 months previously
is presented. The question whether pneumatosis coli represented
a surgical emergency inevitably arises. The present case report is
educational as it describes the dynamic decision making process
for differential diagnosis between surgical and non-surgical PI, and
unique due to the unusual presentation with the presence of intra-
mural air collection throughout the entire remaining colonic wall
without any predominate symptoms and signs.

2210-2612/© 2018 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).
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Table 1
Causes and pathophysiology of pneumatosis intestinalis (PI).

Primary PI
Secondary PI
Gastrointestinal causes

Life-threatening

Mesenteric ischemia
Intra-abdominal infection
Intestinal obstruction

Severe colitis-toxic megacolon

Benign or potential life-threatening
Blunt trauma

Ileus

Inflammatory bowel disease

Enteritis and colitis

Bowel stenosis

Carcinoma

Peptic ulcer

Celiac sprue

Intramural induction
of intraluminal gas
or production of
bacterial gas due to

Non-gastrointestinal
benign or potential life-threatening causes

Drug induced

Corticosteroids e  Mucosal
Chemotherapy disruption
Transplantation ¢ [Increased
Bone marrow mucosal
Kidney, liver, lung permeability

Graft versus host

Iatrogenic

Endoscopy

Intestinal anastomosis
Enteric tube placement
Barium enema

Infectious

HIV

Virus

Candida albicans
Mycobacterium tuberculosis

Autoimmune and systemic
Systemic lupus erythematosus
Inflammatory arthritis
Inflammatory myopathies
Systemic sclerosis
Sarcoidosis

Pulmonary

Asthma

Chronic obstructive pulmonary disease
PEEP ventilation

Cystic fibrosis

Intramural induction
of pulmonary gas

2. Presentation of case

An otherwise-healthy 82-year-old female patient, with a history
of right hemicolectomy and ileal resection 6 months previously
for a low intermediate risk, stage IIE, primary diffuse large B-
cell non-Hodgkin’s lymphoma of the terminal ileum, presented
to the emergency department complaining of vague, constant,
diffuse abdominal pain with no concurrent symptoms over the
preceding 3 days [4]. The patient had completed 8 cycles of
chemotherapy 20 days ago with the R-CHOP regimen (cyclophos-
phamide 750 mg/m?, doxorubicin 50 mg/m2, vincristine 1.4 mg/m?
and rituximab 375 mg/m?2 by intravenous infusion on day 1, oral
prednisolone 40 mg/m? on days 1-5 administered every 21 days)
[5]. Atinitial presentation, vital signs were within the normal range,
physical examination of the abdomen was normal, WBC count, CRP
levels were normal, and arterial blood gas analysis was within
normal reference range. Abdominal radiograph (Fig. 1a) and CT

Fig. 1. Abdominal (a) radiograph and (b) CT at initial presentation showing total
linear submucosal and subserosal pneumatosis of the remaining colon with free
intraperitoneal air.

(Fig. 1b) showed linear submucosal and subserosal intramural gas
collection along the wall of the entire remaining colon with free
intraperitoneal air and without evidence of acute mesenteric arte-
rial occlusion, portal venous gas, bowel dilatation and ascites. Stool
cultures were negative for enteric pathogens.

Based on the present imaging findings, the patient diagnosed
with total colonic pneumatosis. As no evidence of intramural
bowel gas was present on pre-operative staging CT, pneumato-
sis coli considered to be secondary. Based on initial assessment,
life-threatening etiological factors such as bowel obstruction, per-
foration, ischemia and severe colitis were excluded; secondary
survey with repeated clinical, laboratory and imaging evalua-
tion initiated. On re-assessment, pneumatosis coli seemed to be
benign as no worrisome clinical and laboratory findings such
as hypotension, tachycardia, acute abdomen on physical exam,
metabolic acidosis, elevated WBC count and acute renal failure
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Table 2
Decision making flow-chart for patients diagnosed with pneumatosis intestinalis
(PI).

Diagnostic imaging for acute abdominal pain

l

CT Diagnosis of PI

l

PRIMARY SURVEY
Clinical evaluation
Worrisome findings
e Acute abdomen on physical exam
e Clinical criteria of SIRS, sepsis, septic shock
e Clinical findings of one or more organs failure
Laboratory evaluation
Worrisome findings
e Elevated WBC count, CRP and LDH levels
e Lactic acidosis
e Laboratory findings of one or more organs failure
CT evaluation
Worrisome findings
e Mesenteric ischemia
Bowel dilation
Free intraperitoneal air
Ascites
Portal venous gas

/\

Absence of worrisome findings on primary survey Worrisome findings on
l primary survey

SECONDARY SURVEY l
Life-threatening or

potential life-threatening

PI
Absence of worrisome findings on secondary survey

l e Bowel obstruction
e Perforation
Benign PI e Ischemia
l e  Severe colitis
Etiology investigation l
Surgery

Etiological non-surgical treatment

developed, and no worrisome imaging findings such as ascites,
portal venous gas and bowel dilatation on CT developed. The
patient treated conservatively with cessation of enteral nutrition
and broad spectrum antibiotics (24 generation cephalosporin and
metronidazole). After a one week hospital stay, interval abdominal
radiograph and CT showed almost complete resolution of imaging
findings; the patient referred to a tertiary hospital for hematology
and oncology specialty care.

3. Discussion

The present report describes a patient with a stage IIE non-
Hodgkin’s lymphoma of the terminal ileum who developed benign
secondary total colonic pneumatosis after receiving 8 cycles of
R-CHOP adjuvant chemotherapy which treated conservatively. In
analogous cases, the main dilemma for the physician is to identify
whether surgical intervention is required or not. The decision mak-
ing process (Table 2) for distinguishing surgical and non-surgical PI
is presented below.

3.1. Step 1-primary or secondary pneumatosis intestinalis?

PI can be divided into primary and secondary which attribute to
15% and 85% of cases, respectively. Primary Pl is a benign condition,
usually asymptomatic and incidentally discovered on imaging. Sec-
ondary Pl may be the result of numerous life-threatening, potential

life-threatening and benign gastrointestinal conditions along with
various pulmonary and systemic conditions, as shown in Table 1
[6]. Secondary PI is usually symptomatic; the most common symp-
toms include abdominal pain (53.9%), followed by diarrhea (53.0%),
abdominal distention (42.4%), nausea and vomiting (14.3%), bloody
and mucous stool (12.9% and 12.0%, respectively) and constipation
(7.8%)[7].

In the present case, the patient complained of vague abdom-
inal pain. The patient had a history of right hemicolectomy and
ileal resection 6 months previously for a stage IIE primary non-
Hodgkin’s lymphoma of the terminal ileum submitted to 8 cycles
of R-CHOP chemotherapy. Abdominal CT at initial presentation
revealed the presence of total colonic pneumatosis which con-
sidered being secondary as no evidence of intramural bowel gas
was present on pre-operative staging CT. The question that arised
immediately was what was the cause. However on primary survey,
it is emerging for the physician not to thoroughly delineate eti-
ology but to distinguish between benign or worrisome secondary
PI; ascertaining whether a life-threatening cause such as bowel
obstruction, perforation, ischemia and severe colitis exist or not
based on clinical, laboratory and imaging evaluation is the primary
priority.

3.2. Step 2- benign or worrisome secondary pneumatosis
intestinalis? Clinical and laboratory evaluation

In 2013, the Eastern Association for the Surgery of Trauma, in
a retrospective multicenter study of 500 patients with PI, showed
that lactate value of more than 2.0 mmol/L, hypotension, peritoni-
tis, acute renal failure, active mechanical ventilation and absent
bowel sounds were significantly correlated with worrisome PI. The
authors concluded that the presence of a lactate value of more than
2.0mmol/L and hypotension had a predictive probability for life-
threatening PI of 93.2% [8]. In 2017, the American Association for
the Surgery of Trauma, in a prospective multicenter study of 127
patients with PI, showed that clinical findings of ileus, peritoneal
signs on physical examination, sepsis, hypotension and laboratory
findings of elevated INR, decreased hemoglobin, lactate value of
more than 2.0 mmol/L were significantly correlated with worri-
some PI. The authors concluded that surgical exploration should be
strongly recommended for patients with PI presenting with a lac-
tate value greater than 2 mmol/L and peritonitis [9]. In the present
case, no worrisome clinical and laboratory findings were present
on primary and secondary surveys; consequently pneumatosis coli
seemed to be benign.

3.3. Step 3- benign or worrisome secondary pneumatosis
intestinalis? Imaging evaluation

In2017, Goyal et al, in a retrospective study of 167 patients with
PI, showed that location in the small bowel, bowel dilation, mesen-
teric stranding, bowel enhancement, portal vein gas, mesenteric
vein gas and moderate mesenteric edema were imaging findings
significantly correlated with worrisome PI[10].In 2013, Lee etal.,in
aretrospective study of 84 patients with PI, showed that bowel wall
thickening, mesenteric stranding, ascites, bowel dilation, location
in the small bowel, portal vein gas and mesenteric vein gas were
imaging findings significantly correlated with worrisome PI [11].
In the present case, no worrisome imaging findings were present
on primary and secondary survey; consequently pneumatosis coli
seemed to be benign.

3.4. Step 4-identifying etiology

On primary survey it is of primary priority for the physi-
cian to ascertain whether a life-threatening cause of PI such as
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bowel obstruction, perforation, ischemia and severe colitis exist
or not based on the presence of worrisome clinical, laboratory
and imaging findings. The above surgical emergency situations
should always kept in mind during secondary surveys and once
excluded further delineation of the exact etiology should be ini-
tiated (Table 1). In the present case, pneumatosis coli seemed
to be benign as no worrisome clinical, laboratory and imag-
ing findings were present during re-assessments. As no other
etiologic factors identified, pneumatosis coli considered to be
chemotherapy-induced.

Chemotherapy agents, such as fluorouracil and docetaxel, and
molecular targeting agents, such as bevacizumab and sunitinib,
may rarely cause PI. The underlying mechanisms are thought to be
increased mucosal permeability and decreased submucosal lym-
phoid tissue [12]. Although PI in patients on chemotherapy is
usually a benign and totally reversible situation after cessation
of therapy, it can also be life-threatening when it is the result
of chemotherapy-induced ischemic enteritis and colitis associated
with chemotherapeutic agents such as docetaxel and bevacizumab
[13].

3.5. Step 5-determining management: surgical or non-surgical
treatment?

PI patients with worrisome clinical, laboratory and imaging
findings should undergo surgical treatment. In the absence of wor-
risome findings, patients should undergo a trial of non-surgical
treatment under strict re-evaluation. Non-surgical management
should focus on treating the underlying gastrointestinal or systemic
cause and discontinuation of possible instigating medications.
Antibiotics, especially metronidazole 500 mg per os three times
daily for up to 3 months or until documented resolution of PI, can
be used to target intraluminal and intramural bacteria in order to
reduce anaerobic production of hydrogen gas [14]. Cessation of
oral diet and introduction of an elemental diet, which is totally
absorbed in the small intestine, seems to be useful by decreas-
ing production of gas by colonic flora. However, elemental diet is
not always well tolerated and bowel hypomotility may increase
intraluminal pressure and worsen the PI. Accordingly, case reports
documenting investigative therapy with promotility agents such as
metoclopramide and erythromycin exist in the literature, though
data are limited [15].

Oxygen therapy has long been recognized as an effective ther-
apy for PI leading to cyst regression on imaging and symptoms
resolution by the following mechanisms: (a) increased tissue oxy-
genation may facilitate phagocytic activity and directly target
the gas-producing organisms via anaerobic impairment; and (b)
increased arterial oxygen tension forces oxygen into the hydrogen-
containing cysts by diffusion from areas of high oxygen tension in
the artery to low oxygen tension in the cysts. In turn, oxygen accu-
mulation in the cysts increases the partial pressure of hydrogen
in the cysts causing hydrogen to diffuse out of the high-pressure
cyst into the low-hydrogen bloodstream. Cyst resolution follows
as the oxygen leaves the cyst via re-absorption for use in cellular
metabolism. A trial of hyperbaric oxygen therapy can be used at
2.5 ATA for 2.5h for at least 3 sessions or until 2 days after the
disappearance of cysts to reduce the risk of recurrence [16].

4. Conclusions

Pl is a rare condition that may be idiopathic or a sign of an
underlying gastrointestinal or systemic disease. Given the poten-
tial severity of this condition, early diagnosis and recognition of
the severity by evaluating certain worrisome clinical, laboratory
and imaging findings is critical. Treatment includes surgery or

non-surgical treatment by bowel rest, cessation of instigating med-
ications, antibiotic therapy and oxygen therapy.
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