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Survival rates of children with acute lymphoblastic leukemia have improved since the in-
corporation of asparaginase in the treatment protocol, but the medication has potential serious
complications, including vascular thrombosis. Here, we describe the case of a 13-year-old
boy with pre-T-cell acute lymphoblastic leukemia whose treatment course was complicat-
ed by perforated jejunitis requiring resection of a portion of his small bowel. Pathologic
assessment showed transmural ischemia, mesenteric venous and arterial thrombi, and scat-
tered cytomegalovirus inclusion bodies. Pediatric mesenteric ischemia is rare, and its

consideration in patients treated with asparaginase is discussed.
© 2018 the Authors. Published by Elsevier Inc. under copyright license from the University
of Washington. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Acute lymphoblastic leukemia (ALL) is the most common cancer
diagnosed in children, with an incidence of approximately 3.9%
among individuals younger than 19 years and a mortality rate
of 0.3 per 100,000 in the United States [1]. Reported toxicities
in patients undergoing chemotherapy for ALL are high [2], and
gastrointestinal (GI) complications such as diarrhea and neu-
tropenic colitis are particularly common [3]. The long-term
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survival of patients with ALL has improved substantially since
the introduction of asparaginase therapy [4]. However, this
therapy can be associated with many serious toxicities, in-
cluding an increased propensity for thrombosis [5]. We present
a case of an adolescent with pre-T-cell ALL who was found to
have perforated jejunitis during induction chemotherapy. Patho-
logic assessment of the resected bowel demonstrated changes
associated with transmural ischemia, as well as focal mesen-
teric venous and arterial thrombi and scattered cytomegalovirus
(CMV) inclusion bodies. This case illustrates the complex
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Fig. 1 - Abdominal imaging acquired on day 14 of induction chemotherapy after onset of abdominal pain showing jejunal
pneumatosis and dissection of gas through the mesentery into the retroperitoneum and the portal venous system. (A) The
upright anterior-posterior abdominal radiograph shows pneumatosis in the left upper quadrant (white arrows), as well as
air-fluid levels in mildly dilated loops of bowel (white arrowheads). Contrast-enhanced computed tomography images in (B)
the coronal plane with soft tissue algorithm and in (C) the axial plane with lung algorithm shows pneumatosis involving
an abnormally dilated segment of jejunum (white arrows in B) and abnormally enhancing mucosa in the jejunum (white
arrowheads in B). Abnormal retroperitoneal air is present at the diaphragmatic hiatus (black arrows in C), and portal venous

gas is also observed (black arrow in B, black arrowheads in C).

pathophysiology of jejunitis in a child undergoing induction
chemotherapy for ALL and allows for a discussion about both
mesenteric ischemia and CMV enteritis in children.

Case report

A 13-year-old boy with a recent diagnosis of pre-T-cell ALL pre-
sented with severe worsening abdominal pain that began 2
weeks after initiation of chemotherapy. The boy was under-
going induction chemotherapy per the standard arm of
Children’s Oncology Group study AALL1231 that includes dexa-
methasone, daunorubicin, vincristine, and intensified
pegaspargase (given on days 4 and 18). On day 14 of induc-
tion, the patient developed epigastric abdominal pain and was
found to have lost 5 kg since his initial ALL diagnosis. Abdom-
inal pain and nutritional status initially improved with
optimization of proton pump inhibition and initiation of
nasogastric feeds. However, on day 25 of induction, the patient
presented to the emergency department with increasing epi-
gastric pain and multiple episodes of nonbilious, nonbloody
emesis.

On examination, the patient was afebrile and normoten-
sive. He had left periumbilical tenderness, without peritoneal
signs. Significant laboratory results included an absolute neu-
trophil count of 3100 cells/uL, elevated serum lactate, and
worsening metabolic acidosis. Abdominal radiograph (Fig. 1A)
revealed multiple air-fluid levels, suggestive of ileus or early
bowel obstruction, as well as probable pneumatosis in the left
midabdomen. Contrast-enhanced computed tomography (CT)
performed in standard portal venous phase confirmed ileus and
pneumatosis intestinalis in the jejunum, with associated bowel
wall thickening and segments of mucosal hypoenhancement
and hyperenhancement (Fig. 1B). Simple-appearing ascites was
seen. There was portal venous gas, along with small amounts

of ectopic air dissecting along the mesenteric root into the
esophageal or periesophageal region of the lower posterior me-
diastinum (Fig. 1C). Mesenteric vasculature was normal, without
obvious CT evidence of arterial or venous thrombosis, al-
though CT angiography was not performed.

Two days after admission (day 26 of induction), the patient
developed rebound tenderness, and the abdominal radio-
graphs revealed pneumoperitoneum. A jejunal perforation was
found during emergent and exploratory laparotomy. Two sep-
arate 30- to 35-cm segments of jejunum with gangrenous
necrosis were resected, and the abdomen was left open. Re-
exploration and washout of the abdomen were performed 2
days later, along with end-to-end anastomoses of 2 of the 3
jejunal segments and creation of mucus fistulae.

The resected bowel segments (Fig. 2) showed multiple foci
of geographic transmural or mucosal necrosis with bile-
stained bacteria-rich fibrinopurulent exudates borne between
areas of residual mucosa. Several submucosal vessels near the
ulcers were thrombosed. Few scattered CMV inclusions were
identified in mucosal and submucosal endothelial and stromal
cells. Occasional partially occlusive fibrin thrombi were seen
within few mesenteric vessels; large feeding arteries were
patent.

The patient was treated with postoperative broad-spectrum
antibiotics for non-neutropenic enterocolitis and ganciclovir
(6 weeks) for CMV colitis. Jejunostomy takedown was uncom-
plicated, and the patient was discharged from the hospital
tolerating full enteral feeds. The end of induction assess-
ment for minimal residual disease (<0.01%) was negative for
residual leukemia in the bone marrow.

Discussion

We present a rare case of non-neutropenic jejunal necrosis
and perforation, in the setting of immunosuppression by
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Fig. 2 - Cytomegalovirus inclusions (arrowheads) were identified in the endothelial cells of the mucosa (A) and in the
submucosal stromal cells (B) (hematoxylin and eosin, 200x). Mesenteric arteries (C, D, left) have fibrin thrombi at varying
stages of organization, adherent to the walls, and are variably occluding the lumens. A strand of fibrin clings to the vein
wall (C, right). Fibrin and red and white blood cells obstruct a mesenteric vein (D, right) (hematoxylin and eosin, 100x). Low-
power images show a small segment of residual mucosa adjacent to an ulcer bed (arrow) that is covered by bile-stained
fibrinous exudate, resembling a pseudomembrane (E). There is partial necrosis of the muscularis propria (*) and a fibrotic
serosa that contains dilated lymphatic spaces (E). Diffuse ulceration is associated with full-thickness necrosis (*, F) (Masson

trichrome, 40x).

chemotherapy, including pegaspargase. We believe the etiol-
ogy of this patient’s intestinal issues was multifactorial with
contributions from pegaspargase-related hypercoagulability re-
sulting in mesenteric ischemia and concurrent CMV.

The overall survival rates of children with ALL have im-
proved substantially since the incorporation of asparaginase
therapy into treatment protocols [6,7]. However, this thera-
py’s known toxicities include altered coagulation and
fibrinolysis, which increase a patient’s risk of thrombosis and
bleeding, especially during induction. The overall incidence of
thrombotic complications in children with ALL is 5.2%, and
usually, these complications are intracranial thrombotic events
or catheter-related thrombi [5,8]. To the best of our knowl-
edge, mesenteric thrombotic events have not been ascribed to
pegaspargase therapy in published literature. However, the tem-

poral association of the medication with the small intestine
ischemia and perforation in this case may implicate
pegaspargase-induced hypercoagulability in its development.

A hypercoagulable state can lead to mesenteric arterial
thrombosis or thromboembolism or mesenteric venous throm-
bosis. The published descriptions of mesenteric ischemia in
children are quite limited. In both adults and children, contrast-
enhanced CT of the abdomen and pelvis is appropriate [9-13].
Although dual-phase (arterial and venous) scanning proto-
cols are commonly used in adults, repeat CT scanning of
pediatric patients is typically avoided to reduce exposure to
ionizing radiation [14]. In a review of 24 adults with acute mes-
enteric ischemia (AMI) who underwent single venous-phase
CT, sensitivity and specificity for detection of mesenteric
ischemia were 0.79 and 0.98, respectively [10]. The
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contrast-enhanced CT findings of AMI can vary, depending on
the stage of disease. If the etiology is thromboembolism or
thrombosis, filling defects may be seen in mesenteric vessels,
although these were not discretely seen in our patient’s CT find-
ings. Bowel wall enhancement can be present with vasodilatory
effects or can be absent with vasoconstriction and does not
reflect ischemic severity [13]. Bowel wall thickening and dila-
tion of bowel loops are common with ileus, but are nonspecific
findings, as with this patient. With mucosal necrosis, intralu-
minal gas dissects into the wall, causing pneumatosis and
possibly subsequent pneumoperitoneum and ascites [9,10,12,13].
Notably, the CT findings associated with inflammatory or in-
fectious arteritis overlap with those of ischemic enteritis. In
the absence of discernible thrombi or emboli, CT has a low di-
agnostic utility for distinguishing the cause of intestinal
abnormalities. Likewise, the clinical presentation of AMI is also
nonspecific, as are the associated laboratory findings, such as
elevated lactate and metabolic acidosis [13,15]. Therefore, di-
agnostic imaging serves as the most practical and most rapidly
acquired means for diagnosis in these cases, with the great-
est impact on outcome due to preinfarction diagnosis [16].

The likely contribution of CMV to this patient’s disease
cannot be overlooked. Primary CMV infection is rarely the cause
of jejunal perforation [17-19]. Based on reported clinical ex-
periences with adult patients, the colon and the upper GI tract
are the typical sites of involvement [18,20,21]. However, primary
CMV infection has been associated with small bowel perfora-
tion in both adults and children [17-19,22]. Latent CMV
reactivates locally at sites of inflammation [23] and has been
associated with vascular angiogenesis and endothelial damage
that triggers thrombosis [24,25]. In the rare reports of jejunal
perforation in the setting of CMV infection, mesenteric thrombi
or ulcerations can be seen [17-19].

The presentation of CMV-related GI infection can vary. Al-
though CMV manifests typically in immunosuppressed
individuals, vascular damage and thrombosis have also been
reported in immunocompetent patients with acute CMV
[20,21,26,27]. In a review of 38 pediatric patients with symp-
tomatic and histologically confirmed active CMV GI disease
(median age of 5 months, ranging from 3 days to 12 years), 18%
of the patients presented with clinical signs of peritonitis from
perforation [22]. All 38 patients had impaired immunity, and
63% were malnourished. Additionally, in 10 of the 38 pa-
tients, a preceding local inflammatory insult was documented,
such as surgery or necrotizing enterocolitis. Inflammatory
polyps, ulceration, and mucosal sloughing are typical, in ad-
dition to perforation in the small bowel. Although our patient
was not neutropenic, he had recent diarrhea preceding his
jejunal disease. It is conceivable that in our patient, a local in-
flammatory cascade resulting from asparaginase-related
ischemia triggered reactivation of latent CMV in the jejunum.

The etiology of perforated jejunitis in our patient was most
likely multifactorial. In retrospect, had the index of suspicion
for mesenteric ischemia been high, given the recent use of as-
paraginase and the associated risk of thrombotic complications,
a dedicated CT angiography might have been performed to
search for filling defects in the peripheral mesenteric vessels.
Additionally, consideration of mesenteric ischemia as a con-
tributing factor to jejunitis may have lowered the threshold for
exploratory laparotomy:.
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