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abStraCt
importance: In low resource countries, there has been scarcity of research 
on the risk factors associated with neutropenic enterocolitis, a serious 
complication that commonly develops during treatment of cancer patients.
objective: To identify the pattern of intestinal complications in pediatric 
leukemia patients treated with intensive chemotherapy, including those with 
neutropenic enterocolitis; to assess the outcome; and to evaluate the risk 
factors associated with the mortality in these patients.
methods: During the period from June 2015 to December 2016, a 
prospective study was carried out on pediatric patients diagnosed 
with acute leukemia who received induction/or re-induction phases 
of chemotherapy at South Egypt Cancer Institute. Patients with 
documented episodes of intestinal complications were included in the 
study. Recovery or death from an episode of intestinal complication 
was utilized as the primary outcome measure for the study. Using 
univariable and multivariable methods, potential risk factors associated 
with mortality were delineated by logistic regression analysis, both for 
the entire intestinal complications episodes as a whole and for those 
episodes of neutropenic enterocolitis only.
results: Out of 88 documented episodes of intestinal complications from 
77 patients; 58 episodes were identified as neutropenic enterocolitis from 
47 patients. In those patients who were having episodes of neutropenic 
enterocolitis, the presence of abdominal tenderness (OR 4.529, 95%CI 
1.062–19.317, P = 0.041); a longer duration of neutropenia (OR 1.215, 
95%CI 1.030–1.434, P = 0.021); and hemodynamic instability (OR 
17.023, 95%CI 4.095–70.772, P < 0.001), were found to be independently 
associated with worse outcome. 
interpretation: In Upper Egypt, the use of intensive systemic 
chemotherapy during the induction phase of acute leukemia was found to 
be associated with potentially lethal intestinal complications. A high index 
of clinical suspicion is warranted.
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introdUCtion
Children diagnosed with acute leukemia, the most 
common childhood cancer, are at a particular risk for 
developing intestinal complications which may be related 
to either recurrent episodes of infection, prolonged periods 
of neutropenia, corticosteroid exposure, and/or frequent 
administration of antibiotics.1  They also receive intensive 
chemotherapy that adversely affects the developmental 
integrity of the intestinal mucosa.2

Neutropenic enterocolitis (NE) is the most common 
among all causes of intestinal complications developing 
during treatment of pediatric cancer patients.3  NE or what 
is also a so-called ileocecal syndrome or typhlitis,4,5 is a 
life-threatening condition as a result of an inflammatory, 
hemorrhagic and/or necrotizing involvement of the lower 
intestinal tract.6

As it is difficult to diagnose gastrointestinal complications 
based on the clinical findings only in many cases;7 
the  d iagnos is  o f  NE needs  to  be  suppor ted  by 
radiologic imaging as the clinical manifestations are 
not pathognomonic and are often blunted in patients 
with severe neutropenia. Bowel wall thickening as 
demonstrated by ultrasound or multi-slice computed 
tomography (MSCT) is one of the main criteria to 
establish the diagnosis.8

In the present study, we have investigated the pattern, 
outcome and risk factors associated with intestinal 
complications in pediatric leukemia patients during 
induction/or re-induction chemotherapy phases, according 
to our experience in South Egypt Cancer Institute, the 
largest referral cancer center in Upper Egypt.

metHodS
ethical approval

The study protocol was approved by the Institutional 
Review Board (IRB) at our institute and the study was 
conducted in accordance with the guidelines provided by 
Declaration of Helsinki on Ethical Principles for Medical 
Research. Written informed consent was obtained from all 
the patients’ parents before their enrollment in this study.

Patients selection

Patients who developed symptoms or signs related to 
intestinal complications during induction/or re-induction 
chemotherapy for acute leukemia during the period from 
June 2015 to December 2016 at the Pediatric Oncology 
Department in South Egypt Cancer Institute, either was 
subjectively reported by the patient or detected by the 
examining physician; were further assessed by close 
follow up through a thorough clinical history, physical 
examination and serial abdominal ultrasonography. 
Patients who had potential episodes of NE, were 

considered to be eligible for inclusion in the study if they 
fulfilled all the following criteria; they had a diagnosis 
with acute leukemia either acute lymphoblastic leukemia 
(ALL) or acute myeloid leukemia (AML) admitted to 
receive the induction/or re-induction chemotherapy phases 
of the treatment or within the recovery phase (nadir) 
of this chemotherapeutic phase, and had an absolute 
neutrophil count (ANC) less than or equal to 1.0 × 109/L. 
Patients whose age were more than 18 years, those who 
had other diagnoses, or patients with acute leukemia, but 
were admitted to receive other treatment phases, were 
excluded from the study.  

Study patients

Demographic data of patients; i.e., gender and age; 
clinical information regarding the disease and the received 
treatment; and also, data of intestinal symptoms and 
signs such as abdominal pain, tenderness, distension, 
constipation, vomiting, and/or diarrhea were noted and 
analyzed. Other associated clinical and laboratory data such 
as; the presence of fever, defined as a temperature of ≥ 
38.0 °C; patient general condition, including hemodynamic 
stability; presence or absence of neutropenia, whether it 
was mild with an ANC of (0.5–1.0) × 109/L, severe < 0.5 × 
109/L, or profound < 0.1 × 109/L; also, the duration of the 
neutropenia was documented. 

Clinical management and treatment strategies

For the purpose of the study, any patient suggested on a 
clinical basis to have an episode of NE were considered 
for further laboratory and radiographic investigations.   
Any radiologic signs of abnormal findings, such as bowel 
wall thickening, free intra-peritoneal fluid, bowel loops 
dilatation, reduced intestinal loops motility and air in the 
bowel, were subjected to investigate the findings for a 
potential occurrence of an intestinal complication and to 
make consensus about confirmation of diagnosis regarding 
type of an intestinal complication episode, in correlation 
with patients’ clinical presentations, as was summarized 
by Dietrich et al.9 Episodes of intestinal complications, 
including those of NE, were documented by a well-
trained resident physician under supervision of specialists 
and consultants of the pediatric oncology department in 
collaboration with oncology surgeons and radiologists in 
our institute.  

A consensus was made between different specialties, 
that whether a certain patient with an eligible episode of 
intestinal complication to be included in the study, based 
on the collected clinical, laboratory and radiographic 
findings. Once an episode was included in the study, the 
episode was documented and the patient was followed up 
till recovery or occurrence of death. Also, other episodes 
repeated in the same patient were included in the study 
provided that they met the eligibility criteria for inclusion 
in the study.    
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Data associated with potential comorbidities such 
electrolyte disturbances, hypoalbuminemia, impaired 
renal or hepatic function, any clinical or radiologic data 
suggestive of sequel of intestinal complication episodes 
such as intestinal hemorrhage, perforation, obstruction 
or peritonitis also were noted. MSCT abdomen was 
performed as per case basis. During the follow up 
period for any patient with a documented episode of 
intestinal complication, the management was mainly 
conservative,10-12 or surgically13,14 accordingly as on per 
case basis.15

Statistical analysis

Continuous variables were expressed as mean (± standard 
deviation) or median (range). Categorical variables were 
presented as proportions or percentages. The chi-square (χ2) 
was used to test differences between groups for categorical 
variables, or Fisher exact test, when appropriate. Binary 
logistic regression analysis, “odds ratios” (ORs), was used 
to assess effects of baseline demographic, clinical and 
radiologic study variables on the patient mortality from 
episodes of intestinal complication or NE. Variables in the 
univariable analysis with a P-value arbitrarily set to P = 0.1 
were included in the multivariable analysis. All statistical 
tests were described with 95% confidence interval (95%CI) 
and an arbitrary P-value was set at P = 0.05. All P values 
were two-tailed. Statistical analyses were performed using 
SPSS, version 20.0, for Windows (SPSS Inc., Chicago, 
IL).

reSUltS
The study included a total of 77 patients with mean 
age was 8.35 years (standard deviation = 4.78). Of all 
patients, 42 (54.5%) were males and 35 (45.5%) were 
females; 49 (63.6%) was diagnosed to have ALL and 28 
(36.4%) had AML. Out of 77 patients who had intestinal 
complications; 67 patients had only one episode of 
intestinal complications during the study period, 9 patients 
had 2 episodes and only 1 patient had 3 episodes. Patient 
characteristics categorized according to type of intestinal 
complication were shown in Table 1. Death occurred in 
22/77 (28.6%) of patients; 18/47 (38.3%) patients died as a 
consequence of NE episodes, and 4/30 (13.3%) of patients 
died due to other types of intestinal complications. The 
main cause of death in our study was irreversible septic 
shock and multi-organ failure. Management of patients 
was mainly conservative. Only 3 patients in whom surgical 
intervention was needed. Out of these 3 patients, only one 
had NE.

Out of 88 episodes of intestinal complications; 58 
(65.9%) were due to NE (typhlitis) episodes, followed 
by 21 (23.9%) due to acute gastroenteritis episodes, then 
other conditions that included paralytic ileus 4 (4.6%), 
intussusception 3 (3.4%), appendicitis 1 (1.1%), and 

pneumatosis intestinalis 1 (1.1%). In our study, all the 
episodes that repeated more than once were in patients 
with NE. Factors predictive of outcome for all intestinal 
complications as a whole, and for NE episodes in 
pediatric leukemia patients during the induction phase of 
chemotherapy were shown in Table 2 and 3, respectively. 

table 1 Patient characteristics by the type of intestinal 
complications (neutropenic enterocolitis vs. other intestinal 
complications)

Variables 
neutropenic 
enterocolitis

(n = 47)

other intestinal 
complications

(n = 30)
P

Gender
Male 26 (55.3) 16 (53.3) 0.864
Female 21 (44.7) 14 (46.7)

Age (years) 8.51 (4.71) 8.10 (4.94) 0.716†

Diagnosis
ALL 25 (53.2) 24 (80.0) 0.017‡

AML 22 (46.8) 6 (20.0)
Outcome (death)

No 29 (61.7) 26 (86.7) 0.018
Yes 18 (38.3) 4 (13.3)

Data are presented as n (%) or mean (standard deviation). If not 
otherwise specified, all comparisons were made using the Pearson Chi-
square test. †Independent t-test was performed.  ‡Fisher’s exact test was 
performed. ALL, acute lymphoblastic leukemia; AML, acute myeloid 
leukemia. 

Our study revealed that there is no difference in outcome 
due to gender, age, or diagnosis whether it was ALL or 
AML. A greater proportion of deaths was observed in 
patients with NE 38.3% (18/47) vs. those who had other 
types of intestinal complications 13.3% (4/30) as shown in 
Table 1. The univariable analysis using logistic regression 
revealed a trend towards worse outcomes in those patients 
who had NE episodes (OR 2.925, 95%CI 0.889–9.621, 
P = 0.077) compared to those who had other types of 
intestinal complications. Factors predictive of outcomes 
associated with the occurrence of either, of intestinal 
complication episodes as a whole, or episodes of NE, both 
in the univariable and multivariable analysis were shown 
in Table 2 and 3. 

In multivariable analysis, the presence of abdominal 
tenderness was only marginally associated with a worse 
outcome in the group of intestinal complication episodes 
as a whole (OR 4.526, 95%CI 0.997–20.549, P = 0.050), 
and had a weak statistical significance in the group of 
NE episodes (OR 4.529, 95%CI 1.062–19.317, P = 
0.041). Whereas, both hemodynamic instability, and 
longer duration of neutropenia revealed to be significantly 
predictive of a worse outcome in both of the two groups as 
were shown in Table 2 and 3. 
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table 2 Factors predictive of outcome in intestinal complications as a whole in pediatric leukemia patients during induction 
chemotherapy using logistic regression analysis

Variables n
Univariable† multivariable

OR (95% CI) P OR (95% CI) P
Gender Not included in the model

Male 48 Reference
Female 40 1.000 (0.379–2.635) 1.000

Age (years) 88 1.052 (0.947–1.168) 0.345 Not included in the model
Diagnosis Not included in the model

ALL 49 Reference
AML 39 1.357 (0.516–3.572) 0.536

Fever
No 11 Reference Reference
Yes 77 3.574 (1.267–10.084) 0.016 1.001 (0.196–5.119) 0.999

Abdominal tenderness
No 54 Reference Reference
Yes 34 7.111 (2.407–21.011) <0.001 4.526 (0.997–20.549) 0.050

Hemodynamic instability‡

No 60 Reference Reference
Yes 28 25.200 (7.039–90.215) <0.001 17.625 (3.801–81.736) <0.001

Absolute neutrophilic count (×109/L) 88 0.980 (0.513–1.873) 0.018 1.631 (0.611–4.350) 0.329
Duration of neutropenia‡ (days) 88 1.263 (1.114–1.432) <0.001 1.218 (1.019–1.455) 0.030
Bowel wall thickening

No (≤ 3 mm) 43 Reference Reference
Yes (> 3 mm) 45 2.376 (0.986–5.725) 0.054 0.904 (0.187–4.362) 0.900

†Variables in the univariable analysis with a P-value arbitrarily set to P = 0.1 were included in the multivariable analysis. ‡Hemodynamic instability and 
duration of neutropenia (in days) maintained their statistical significance in the multivariable analysis. OR, odds ratio; CI, confidence interval; ALL, 
acute lymphoblastic leukemia; AML, acute myeloid leukemia.

table 3 Factors predictive of outcome in neutropenic enterocolitis episodes in pediatric leukemia patients during induction 
chemotherapy using logistic regression analysis

Variables n
Univariable† multivariable

OR (95% CI) P OR (95% CI) P
Gender Not included in the model

Male 32 Reference
Female 26 0.703 (0.227–2.183) 0.543

Age (years) 58 1.053 (0.929–1.193) 0.423 Not included in the model
Diagnosis Not included in the model

ALL 25 Reference
AML 33 1.270 (0.414–3.996) 0.664

Fever Not included in the model
No 3 Reference
Yes 55 2.432 (0.695–8.507) 0.164

Abdominal tenderness‡

No 26 Reference Reference
Yes 32 6.765 (1.686–27.135) 0.007 4.529 (1.062–19.317) 0.041

Hemodynamic instability‡

No 32 Reference Reference
Yes 26 24.000 (4.679–123.099) <0.001 17.023 (4.095–70.772) <0.001

Absolute neutrophilic count (×109/L) 58 0.005 (0.000–0.420) 0.019 1.618 (0.615–4.254) 0.329
Duration of neutropenia‡ (days) 58 1.233 (1.060–1.434) 0.007 1.215 (1.030–1.434) 0.021
Bowel wall thickening Not included in the model

No (≤ 3 mm) 14 Reference
Yes (> 3 mm) 44 3.429 (0.680–17.291) 0.136

†Variables in the univariable analysis with a P-value arbitrarily set to P = 0.1 were included in the multivariable analysis. ‡Abdominal tenderness, he-
modynamic instability and duration of neutropenia (in days) maintained their statistical significance in the multivariable analysis. OR, odds ratio; CI, 
confidence interval; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia.
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diSCUSSion
Typhlitis was most frequent in patients treated for acute 
leukemia.16 During the induction phase of leukemia 
treatment; leukemic infiltration besides, the use of 
intensive chemotherapy, and the neutropenia preceding 
to treatment or resultant from it; one or more of these 
factors combining together may allow continuous 
bacterial invasion and colonization of the bowel wall 
with inflammation, ulceration, and possible necrosis and 
perforation.9,17 In the present study, out of 77 patients who 
had episodes of intestinal complications; 47/77 (61.0%) 
of them were due to typhlitis, similarly to what was 
reported from the literature that typhlitis was the most 
frequent intestinal complication among patients with acute 
leukemias and particularly occurring in patients with 
AML.4,17-20

Out of all patients with acute leukemia who developed 
typhlitis in our study, patients with AML were 22/47 
(46.8%) of them, despite that it has been known that 
AML 4 to 5 times less common than ALL and comprises 
only 15% to 20% in patients with acute leukemia aged 
less than 15 years.21,22 Our results were consistent with 
those reported by Sloas et al16 who found that 54% of their 
NE cases were in children with AML with a frequency that 
was significantly higher than that in patients with ALL (P = 
0.00003). 

In the present study, we didn’t observe any statistically 
significant effect on the outcome in the multivariable 
analysis for each of age, gender, type of diagnosis, absolute 
neutrophilic count, and bowel wall thickening, that were 
consistent with the findings obtained from a retrospective 
study done in a developing country that entailed 231 
episodes of enterocolitis conducted in pediatric patients 
with cancer treated at the Centro Infantil Boldrini in Brazil 
from 2003 to 2007.20 Also, in a report from a retrospective 
study by McCarville et al23 that involved 103 episodes 
of typhlitis in 94 patients treated at St. Jude Children’s 
Research Hospital between 1990 and 2001, they found that 
age >16 years was the only demographic factor associated 
with the outcome in their study. Having no patients aged ≥ 16 
years in our series precludes assessing this finding, where 
the mean age for those patients with typhlitis was 8.51 
years (standard deviation = 4.71) in our study.

Fever occurred in 94.8% (55 of 58) of NE episodes in our 
study, a percentage that was slightly lower than 100% (11 
of 11) in one study,11 and higher than 84% (83 of 99) that 
was reported by McCarville et al23 who concluded that the 
severity of typhlitis, as was assessed by the duration of 
the episode as a measure of outcome in their study, was 
correlated to the duration of neutropenia and the presence 
of abdominal tenderness. In our study, the presence of 
abdominal tenderness (OR 4.529, 95%CI 1.062–19.317, 
P = 0.041); and a longer duration of neutropenia (OR 

1.215, 95%CI 1.030–1.434, P = 0.021), were found to be 
independently associated with worse outcome, a finding 
that was consistent with their results. Also, hemodynamic 
instability (OR 17.023, 95%CI 4.095–70.772, P < 0.001) 
as shown in our study was associated with a poorer 
outcome, a finding comparable to a study done by Starnes 
et al showed that hypotension at the onset of abdominal 
pain was associated with 80% mortality. At contrast, 
absolute leukocyte count did not correlate with mortality 
in their study.12

A non-significant trend (OR 3.429, 95%CI 0.680–17.291, 
P = 0.136) towards a worse outcome associated with 
intestinal wall thickening (> 3 mm) was only shown in the 
univariable analysis, and this was near to what has been 
reported by McCarville et al23 that a bowel wall thickness 
of > 3 mm by ultrasound was significantly associated with 
the duration of typhlitis (P = 0.05), but not with a higher 
mortality rate. In line with that, Rizzatti et al20 reported 
that intestinal wall thickening categorized as 3–5 mm, 
5.1–10 mm, and > 10.1 mm in their study wasn’t shown to 
correlate with mortality (P = 0.72), but a higher death rate 
(19.5%) was observed in the enterocolitis group with gut 
thickness > 10.1 mm. In contrast to studies conducted in 
children, Cartoni et al24 reported that the degree of bowel 
wall thickening significantly correlated with the outcome 
of the patients with NE, where the mortality rate was 
60% (12 of 20) among adult patients who had bowel wall 
thickness > 1.0 cm.

The mortality rate in our study from all complications was 
28.6% (22 of 77), while for patients with NE was 38.3% 
(18 of 47); a finding for NE that despite being lower than 
that 45.5% (5 of 11) reported by Jain et al14 and 59.1% (13 
of 22) by Wade et al.15 However, it was still higher than 
20% reported by Altınel  et al,25 and also higher than 34% 
reported by Starnes et al.12 The relatively high mortality 
rate in our study can be attributed to the fact that our 
study included a group of immunocompromised patients 
who were subjected to induction/re-induction phase of 
chemotherapy in whom severe myelosuppression due to 
the received intensive chemotherapy, and probably due to 
not achieving a remission from their primary disease till 
then. 

In our study, abdominal tenderness and hemodynamic 
instability were associated with worse outcome that 
denotes the importance of early thorough clinical 
assessment in line with radiologic evaluation for proper 
early management in pediatric cancer patients with 
intestinal complications.

In Upper Egypt, typhlitis was the most encountered 
intestinal complication in pediatric patients diagnosed with 
acute leukemia during induction phase of chemotherapy. 
Aggressive use of systemic chemotherapy during the 
induction phase of leukemia treatment makes patients at 
risk for this potentially lethal intestinal complication. A 
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high index of clinical suspicion is warranted.
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