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Abstract
Purpose Neutropenic enterocolitis (NEC) is a severe complication of neutropenia. NEC is characterized by segmental ulceration,
intramural inflammation, and necrosis. Factors present in patients who underwent colectomy have never been studied. The
present study aimed to describe the clinical factors present in patients who underwent emergent colectomy for the treatment of
neutropenic enterocolitis.
Methods Patients admitted with neutropenic enterocolitis from November 2009 to May 2018 were retrospectively analyzed.
Logistic regression analysis was used to determine clinical factors associated with emergent colectomy.
Results Thirty-nine patients with NECwere identified. All patients had a hematological disorder. Medical treatment was the only
management in 30 (76.9%) patients, and 9 (23.1%) patients underwent colectomy. No differences were found between the
treatment groups regarding sex, age, or comorbidities. Patients were more likely to undergo colectomy if they developed
abdominal distention (OR = 12, p = 0.027), hemodynamic failure (OR = 6, p = 0.042), respiratory failure (OR = 17.5, p =
0.002), multi-organic failure (OR = 9.6, p = 0.012), and if they required ICU admission (OR = 11.5, p = 0.007). Respiratory
failure was the only independent risk factor for colectomy in multivariable analysis. In-hospital mortality for the medical and
surgical treatment groups was 13.3% (n = 4) and 44.4% (n = 4), respectively (p = 0.043).
Conclusions In our study, most NEC patients were treated conservatively. Patients were more likely to undergo colectomy if they
developed organ failures or required ICU admission. Early surgical consultation is suggested in all patients with NEC.
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Introduction

Despite recent advances in prevention, febrile neutropenia re-
mains a chemotherapy complication for patients with cancer
[1]. Formerly referred to as typhlitis (from the Greek typhlon,
or cecum), neutropenic enterocolitis (NEC) is a serious com-
plication of neutropenia. It is characterized by segmental ul-
ceration and intramural inflammation with necrosis of the gut
(especially in the ileal-cecum-ascending colon area) [2, 3].
NEC was first described in the 1970s as a complication of
the treatment of childhood leukemias [4–6]. It occurs most
frequently after intensive chemotherapy in acute leukemias

[7]. The actual incidence of NEC is unknown, and reports
range from 0.8 to 26% [2, 3, 7]. NEC is considered as the
most common gastrointestinal infection related to neutropenia
[8].

The precise pathogenesis of NEC is undefined [8]. The
proposed pathogenesis is immunosuppression secondary to
neutropenia, in conjunction with chemotherapy cytotoxicity,
tumor infiltration, and inflammatory reaction, which lead to
direct mucosal injury, loss of gut barrier function, and micro-
bial translocation [2, 3]. Following the microbial invasion,
production and release of bacterial endotoxins result in in-
flammation, edema, ulceration, transmural necrosis, perfora-
tion, and septic shock [8].

A recent meta-analysis estimated that the overall mortality
of NEC was 42.2% (95% CI = 40.2–44.2), and surgery was
not associated with an elevated risk of mortality compared to
medical treatment [2]. Generally, if conservative antibiotic
treatment is unsuccessful, the indication for surgery and resec-
tion of the necrotic tissue regions must be performed early,
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even before regeneration of the bone marrow [9]. Other indi-
cations for surgery include bowel perforation, massive gastro-
intestinal bleeding, or whenever a concomitant problem that
requires surgery is present [2, 10]. Surgical treatment out-
comes have never been evaluated against conservative treat-
ment, the indications for surgical treatment are ambiguous, the
predictors of treatment failure or need for surgery are lacking,
and the surgical literature about this topic is scarce [2].
Further, publications concerning the optimal timing for surgi-
cal therapy, patients at risk, and prognosis after surgery are
unavailable. Therefore, the evidence for recommendations re-
garding the optimal management of NEC is mostly expert
opinion [10].

The present study aimed to describe the clinical factors
present in patients who underwent emergent colectomy for
the treatment of neutropenic enterocolitis.

Materials and methods

Patients were retrospectively identified and analyzed using the
hospital registry. All adult patients (≥ 18 years old) admitted at
the Instituto Nacional de Ciencias Médicas y Nutrición
Salvador Zubirán in Mexico City, Mexico, with the diagnosis
of neutropenic enterocolitis (NEC) between November 2009
and May 2018 were included. Patients with incomplete data
were excluded from the analysis. This study was approved by
the local Institutional Review Board.

Neutropenia was defined as an absolute neutrophil count
(ANC) of < 1000 cells/μL [1]. Patients were classified accord-
ing to the definition of severe neutropenia (ANC < 500 cells/
μL or an ANC that was expected to decrease below 500 cells/
μL in the next 48 h) and profound neutropenia (ANC < 100
cells/μL) [1, 11]. Febrile neutropenia was defined as single
temperature measurement by oral or tympanic membrane of
≥ 38.3 °C (101 °F) or a temperature of > 38.0 °C (100.4 °F) for
more than 1 h [1, 11]. Neutropenic enterocolitis was defined as
the presence of febrile neutropenia with abdominal pain (at
least 3, determined by the patient using a visual analogous
scale (VAS) pain score ranging from 1 to 10), and bowel wall
thickening (> 4mm on transversal scan overmore than 30mm
in longitudinal scan) in any segment evident on computed
tomography images [7]. All patients were evaluated according
to the Multinational Association for Supportive Care in
Cancer (MASCC) Febrile Neutropenia Risk Stratification
Index. Included patients had a MASCC score < 21 [12].

The clinical variables including age (< 50 and ≥ 50 years
old), sex, and the underlying hematological malignancy were
registered. Comorbidity was assessed using the Charlson co-
morbidity index (CCI) [13]. Patients included received che-
motherapy within the previous 6 weeks or had a known bone
marrow failure syndrome with neutropenia [1]. Symptomatic
and physical findings that included diarrhea (> 3 bowel

movements/day), acute abdominal pain (VAS > 3), nausea or
vomit ing, acute lower gas t ro in tes t ina l b leeding
(hematochezia, or rectal bleeding), fever (temperature ≥
38 °C), abdominal distention (determined by surgeon during
physical examination), and peritoneal signs (guarding and re-
bound tenderness) were recorded.

Laboratory tests at presentation to the emergency depart-
ment (complete blood count, ANC, and albumin) were regis-
tered. Blood cultures at admission (< 72 h) and stool testing
(including Clostridium difficile toxin) were evaluated. All pa-
tients had a CT scan. The affected colonic segment (right
colon, left colon, or pan-colonic) and the presence of free
intraperitoneal air were determined and registered in the
database.

Severity of the disease was established taking into account
the following parameters: admission to ICU (intensive care
unit), hemodynamic/cardiovascular failure (persistent systolic
hypotension ≤ 100 mmHg or mean arterial pressure <
70 mmHg), respiratory failure (tachypnea ≥ 22/min or
PaO2/FiO2 < 400), renal failure (creatinine > 1.2, or urine out-
put of < 500 mL/day), altered mentation (Glasgow Coma
Scale < 14), liver failure (total bilirubin > 1.2 mg/dL), multi-
organic failure (≥ 3 systemic failures for ≥ 72 h), and treatment
with mechanical ventilation and vasopressors (for at least 1 h)
[14]. In-hospital mortality attributed to neutropenic enteroco-
litis or its complications was analyzed. The cause of in-
hospital mortality was registered.

Patients were categorized into two groups depending on the
treatment required. The medical treatment group included pa-
tients who did not undergo surgery for NEC or its complica-
tions. The surgical treatment group comprised patients who
underwent emergent colectomy for the treatment of NEC or its
complications. Variables were dichotomized and compared
between these two groups.

All patients were assessed by a multidisciplinary team
formed by internists, hematologists, oncologists, infectious
disease specialists, critical care providers, and colorectal sur-
geons. All patients received medical treatment according to
clinical practice guidelines; it involved general supportive
care, bowel rest (with parenteral nutrition as needed), and
broad-spectrum antibiotics [1, 11, 15]. Antiviral and antifun-
gal drug administration was determined according to each
patient risk [1, 11]. All surgical procedures were considered
emergency operations, all surgeries were approached by lap-
arotomy, and were supervised or performed by a certified
colorectal surgeon. Surgical variables included the type of
procedure (segmental or total abdominal colectomy), postop-
erative morbidity, and in-hospital mortality.

Statistical analysis

Categorical data were presented as totals (n), proportions as
percentages (%), and continuous variables were expressed as
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means including standard deviations (±SD). Categorical data
were compared using the Pearson’s Chi-square test or Fisher’s
exact test. Continuous variables were compared with the
Student’s t test. All tests were two-sided and used an alpha
of 0.05.

Patients who underwent surgical therapy were compared
with those who required only medical treatment. Univariate
binomial logistic regression analysis was performed. Variables
with a p value inferior to 0.10 in the univariate analysis were
considered as potential risk factors (predictors of colectomy)
and were entered into the multivariate backward logistic re-
gression analysis. The variables representing the lowest risk
were considered to be the reference group (OR = 1). Odds
ratios and 95% confidence intervals (95%CI) were calculated.

All p values were two-tailed, and a p value < 0.05 was
considered to be statistically significant. The analysis was per-
formed employing SPSS Version 22.0 (IBM Corporation,
Armonk, New York, NY).

Results

Our selection criteria yielded 39 cases of NEC. Emergent
surgery was conducted in 9 (23.1%) patients, and 30
(76.9%) patients received medical treatment exclusively. No
differences were found regarding sex, age, and CCI among the
groups (Table 1). All patients had a hematological disorder.
Acute lymphoblastic leukemia was the most frequent diagno-
sis (medical group 43.3% vs. surgical group 33.3%, p =
0.711).

Aside from fever and abdominal pain, the frequency of
symptoms and signs at presentation are shown in Table 1.
Clinical variables that differed significantly between medical
and surgical groups were the presence of peritoneal signs on
physical examination (0 vs. 55.6%, p < 0.001), abdominal dis-
tention (40 vs. 88.9%, p = 0.010) and free intraperitoneal air
on CT scan (0 vs. 33.3%, p = 0.001). Laboratory test results at
admission were similar between the groups (Table 1). The
mean ANC (cells/μL) was 145.1 (± 136) in the medical group
and 117.7 (± 88.4) in the surgical group (p = 0.575). There
was a preponderance of profound neutropenia in both groups.
Blood cultures were positive in 13 (43.3%) patients of the
medical group and 4 (44.4%) patients of the surgical group.
The most common isolate was Escherichia coli. Fifteen con-
comitant infections were identified in 11 patients in the med-
ical group, including pneumonia (n = 6), acute sinusitis (n =
3), oral cavity infections (n = 3), skin infections (n = 2), and
splenic abscess (n = 1). In the surgical group, there were four
concurrent infections in four patients, including pneumonia
(n = 3) and skin infection (n = 1).

A higher proportion of patients in the surgical group re-
quired admission to the ICU. Those patients experienced a
significantly higher rate of preoperative adverse events

including shock (hemodynamic failure), respiratory failure,
and multi-organic failure (Table 2).

On univariate analysis (Table 3), patients were more likely
to undergo colectomy if they developed abdominal distention
(OR = 12, p = 0.027), hemodynamic failure or shock (OR = 6,
p = 0.042), respiratory failure (OR = 17.5, p = 0.002), multi-
organic failure (OR = 9.6, p = 0.012), if they required vaso-
pressors (OR = 12, p = 0.027) or mechanical ventilation
(OR = 17.5, p = 0.002), and if they required ICU admission
(OR = 11.5, p = 0.007). On multivariate analysis, the only pre-
operative factor that was associated significantly with emer-
gent colectomy was the presence of respiratory failure and
mechanical ventilation requirement (OR = 17.5, 95% CI:
2.76–110.37, p = 0.002).

The procedures performed in the surgical group were seg-
mental colectomy (n = 6, 66.7%) and total abdominal
colectomy (n = 3, 33.3%). Terminal ostomy was created in
all patients. Postoperative complications included minor
wound complications (n = 2), prolonged ileus (n = 2), and sep-
tic shock (n = 2). Preoperatively, seven (77.7%) patients were
admitted to the ICU. Postoperatively, eight (88.8%) patients
required admission to the ICU.

The overall inpatient mortality rate was 20.5%. The mor-
tality after colectomy was 44.4% (n = 4) and the mortality
after medical treatment was 13.3% (n = 4). The cause of death
after colectomy was abdominal septic shock with multi-
organic failure in all patients (n = 4). The cause of death in
the medical treatment group was ventilator-associated pneu-
monia (n = 3), and abdominal septic shock (n = 1).

Discussion

In this retrospective study, patients were more likely to under-
go colectomy if they developed abdominal distention, hemo-
dynamic failure, respiratory failure, multi-organic failure, and
if they required ICU admission. We observed that the mortal-
ity rate after colectomy was 44.4%. Based on these results, we
believe that early surgery before the development of shock or
organ failure could decrease the mortality rates after emergent
colectomy.

Patients with febrile neutropenia should be treated as an
emergency, requiring immediate medical attention. NEC is a
potentially lethal complication of anti-neoplastic chemothera-
py and has been reported in association with solid, hemato-
logic, and lymphoproliferative malignant tumors [8]. Other
conditions linked to the development of NEC are aplastic
anemia, cyclic neutropenia, use of immunosuppressive thera-
pies, and acquired immunodeficiency syndrome [8].

Gorschluter et al. proposed the most widely accepted def-
inition of NEC [7]. It includes the presence of fever, abdom-
inal pain, and bowel wall thickening on US or CT scan.
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Table 1 Comparison of
demographics and comorbidities
of patients admitted with
neutropenic enterocolitis

Medical treatment group
(n = 30)

Surgical treatment group
(n = 9)

P < 0.05

Sex 0.292
Female 14 (46.7) 6 (66.7)

Male 16 (53.5) 3 (33.3)

Age, n (%) 0.107
< 50 years 22 (73.3) 4 (44.4)

≥ 50 years 8 (26.7) 5 (55.6)

Hematological diagnosis, n (%)

Acute lymphoblastic leukemia 13 (43.3) 3 (33.3) 0.711

Acute myeloid leukemia 5 (16.6) 3 (33.3) 0.354

Aplastic anemia 1 (3.3) 0 1.000

Lymphomas 8 (26.6) 1 (11.1) 0.654

Chronic myeloid leukemia 0 2 (22.2) 0.048

Myelodysplastic syndrome 1 (3.3) 0 1.000

Cyclic neutropenia 1 (3.3) 0 1.000

Multiple myeloma 1 (3.3) 0 1.000

Charlson comorbidity index, n (%) 0.884
2 24 (80) 7 (77.8)

≥ 3 6 (20) 2 (22.2)

Diarrhea, n (%) 0.907
No 14 (46.7) 4 (44.4)

Yes 16 (53.3) 5 (55.6)

Nausea/vomiting, n (%) 0.674
No 19 (63.3) 5 (55.6)

Yes 11 (36.7) 4 (44.4)

Low GI bleeding, n (%) 0.043
No 26 (86.7) 5 (55.6)

Yes 4 (13.3) 4 (44.4)

Abdominal distention, n (%) 0.010
No 18 (60) 1 (11.1)

Yes 12 (40) 8 (88.9)

Peritonitis, n (%) <0.001
No 30 (100) 4 (44.4)

Yes 0 5 (55.6)

Absolute neutrophil count (cells/μL),
mean (SD)

145.1 (136) 117.7 (88.4) 0.575

Neutropenia, n (%) 0.907
Severe 14 (46.7) 4 (44.4)

Profound 16 (53.3) 5 (55.6)

Treatment with GCS-F, n (%) 0.277
Yes 25 (83.3) 6 (66.7)

No 5 (16.7) 3 (33.3)

Laboratory values at admission

WBC, mean (SD) 0.72 (0.7) 0.41 (0.6) 0.243

Hemoglobin, mean (SD) 8.94 (2.6) 8.17 (1.5) 0.415

Platelets, mean (SD) 107.3 (157.4) 33.0 (54.5) 0.176

Albumin < 3 g/dL, n (%) 17 (56.6) 7 (77.8) 0.253

Affected colonic segment, n (%) 0.972
Right colon 18 (60) 5 (55.6)

Left colon 3 (10) 1 (11.1)

Pancolonic 9 (30) 3 (33.3)

Bowel wall thickening (mm), mean
(SD)

5.16 (0.98) 5.77 (1.09) 0.120
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Histologic examination remains the gold standard in NEC;
however, it is not helpful for clinical decision-making [3, 7].

The suggested initial workup for patients with suspected
NEC includes blood cultures (aerobes, anaerobes, and fungi),
C. difficile toxin assay, and abdominal CT scan [2, 10]. CT
findings compatible with NEC include diffuse bowel wall
thickening, intramural edema or hemorrhage, paracolonic flu-
id, inflammatory mass, free intraperitoneal air, and
pneumatosis intestinalis [8, 16]. Cartoni et al. [17] reported a
mortality rate of 60% due to NEC in patients with a colonic
wall thickness of 10 mm, opposed to a mortality rate of 4.2%
in patients with a mural thickening less than 10 mm.

Initial medical treatment consists of bowel rest, fluid resus-
citation, total parenteral nutrition, and broad-spectrum antibi-
otic therapy. Consideration for antifungal therapy is reason-
able, although published guidelines did not provide a recom-
mendation for its routine use [11]. Correction of thrombocy-
topenia and clotting abnormalities is necessary especially in
patients considered for surgery [16]. Granulocyte colony-
stimulating factor (G-CSF) should be considered in patients

with fever and neutropenia who are at high risk for infection-
associated complications, or who have prognostic factors that
are predictive of poor clinical outcomes [18].

NEC represents a spectrum of disease ranging from
mild, self-limited bowel inflammation to fulminant necro-
sis and perforation [19]. Shamberger et al. [20] proposed
criteria for surgical interventions in NEC, including per-
sistent gastrointestinal bleeding, free intraperitoneal air
indicative of bowel perforation, clinical deterioration de-
spite optimal medical treatment, and the presence of other
indications for surgery like appendicitis and cholecystitis.
Other potential complications reported are an intestinal
fistula, pseudo-obstruction, ileus, and intra-abdominal ab-
scess formation [6–8, 19–22].

The ileocecum is the most vulnerable region to NEC, based
on abundant lymphoid tissue, increased stasis and ability to
distend, and decreased vascularity [3]. We confirmed this
finding in our study, in which exclusive affectation of the right
colon (ileocecal area) was present in 60% of themedical group
patients and 55.6% of the surgical group patients. Pancolonic

Table 1 (continued)
Medical treatment group
(n = 30)

Surgical treatment group
(n = 9)

P < 0.05

Free intraperitoneal air, n (%) 0.001
No 30 (100) 6 (66.7)

Yes 0 3 (33.3)

Bacteremia/fungemia 0.952
No 17 (56.7) 5 (55.6)

Yes 13 (43.3) 4 (44.4)

Microbiological isolations from blood cultures, n (%)

Negative 17 (56.7) 5 (55.6) 1.000

Escherichia coli 8 (26.6) 2 (22.2) 1.000

ESBL-Escherichia coli 2 (6.6) 1 (11.1) 0.555

Klebsiella pneumoniae 1 (3.3) 1 (11.1) 0.413

Proteus mirabilis 1 (3.3) 0 1.000

Candida sp. 1 (3.3) 0 1.000

Microbiological isolations from stool, n (%)

Negative 24 (80) 7 (77.8) 1.000

Clostridium difficile 2 (6.6) 1 (11.1) 0.660

Campylobacter 1 (3.3) 0 1.000

Cryptosporidium 1 (3.3) 0 1.000

Other infections, n (%) 0.674
No 19 (63.3) 5 (55.6)

Yes 11 (36.7) 4 (44.4)

Pneumonia 6 3

Acute sinusitis 3 0

Skin 2 1

Oral cavity 3 0

Splenic abscess 1 0

GCSF granulocyte colony-stimulating factor, GI gastro intestinal, WBC white blood cells, ESBL extended-
spectrum beta-lactamase
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involvement was observed in 30% and 33.3% of patients in
the medical and surgical groups, respectively. This anatomical
fact is important in order to have a preoperative surgical plan.

As reflected in the univariate analysis, patients who
underwent surgery had at least one organic failure, and the
majority of patients required admission to the ICU before
surgery. We assume that it is the reflection of a delay in the
decision to proceed to surgical therapy. Based on the severity
of NEC in patients who needed surgery, early surgical consul-
tation and identification of patients at risk of developingmulti-
organic failures should be pursued.

A subtle difference in the proportion of in-hospital mortal-
ity was found. However, we cannot draw conclusions because
we were not evaluating effectiveness between the two treat-
ment modalities neither we were evaluating survival. In a
recent meta-analysis, abdominal surgery was not deleterious
and was associated with a favorable outcome, compared to
conservative medical treatment, with an OR of 0.41 (95%
CI = 0.23–0.74; p = 0.003) [2].

Physicians are usually reluctant to select surgery as the
first-choice treatment [2], but we believe that leaving surgery
as a last resort could be detrimental to the patients. Saillard
et al. [2] found that surgery for NEC was not deleterious,
regardless of underlying malignancy, lapse time, and the pres-
ence of neutropenia at the time of surgery. These findings
suggest that surgery should not be delayed until resolution
of neutropenia. However, we should be aware of several lim-
itations and risk of bias inherent to the heterogeneity of studies
included in this systematic review and meta-analysis. In our
opinion, several clinical questions regarding the surgical treat-
ment of neutropenic enterocolitis remain to be answered.
Some of these questions are the definition of medical treat-
ment failure, identification of patients at risk of developing
neutropenic enterocolitis, and risk of recurrence.

The standard operative approach is an exploratory laparot-
omy with resection of the involved bowel and creation of an
ostomy [6–8, 19–26]. Primary anastomosis in cases of a se-
verely immunocompromised host with septic shock is not

Table 2 Comparison of acute
care variables of patients with
neutropenic enterocolitis that
underwent medical versus
surgical treatment

Medical treatment
group (n = 30)

Surgical treatment
group (n = 9)

P < 0.05

Critical care/ICU admission, n (%) 0.003
No 23 (76.7) 2 (22.2)

Yes 7 (23.3) 7 (77.8)

Hemodynamic/CV failure, n (%) 0.030
No 19 (63.3) 2 (22.2)

Yes 11 (36.7) 7 (77.8)

Altered mental status, n (%) 0.177
No 28 (93.3) 7 (77.8)

Yes 2 (6.7) 2 (22.2)

Respiratory failure, n (%) < 0.001
No 25 (83.3) 2 (22.2)

Yes 5 (16.7) 7 (77.8)

Renal failure, n (%) 0.703
No 24 (80) 6 (66.7)

Yes 6 (20) 3 (33.3)

Liver failure, n (%) 0.354
No 29 (96.7) 8 (88.9)

Yes 1 (3.3) 1 (11.1)

Multiorganic failure, n (%) 0.006
No 22 (73.3) 2 (22.2)

Yes 8 (26.7) 7 (77.8)

Mechanical ventilation, n (%) < 0.001
No 25 (83.3) 2 (22.2)

Yes 5 (16.7) 7 (77.8)

Vasopressors, n (%) 0.010
No 18 (60) 1 (11.1)

Yes 12 (40) 8 (88.9)

In-hospital mortality 0.043
No 26 (86.7) 5 (55.6)

Yes 4 (13.3) 4 (44.4)

ICU intensive care unit, CV cardiovascular
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advised; however, there are no studies about it [16, 19].
Ileostomy for fecal diversion in pan-colonic severe disease
has been suggested, but again, there are no studies to support
this [19]. Drainage of the necrotic region without resection
seems to be insufficient [16, 19, 25]. The role of laparoscopic
surgery in this group of patients has not been evaluated [8].

Our study has several limitations. The main limitations are
that our study has an observational retrospective design, the
sample size is small, and our data derived from a single insti-
tution. Although a multivariate logistic regression analysis
was performed, the sample size was considered too small for
conclusive results. Nevertheless, we presented the results of
unadjusted odds ratios obtained with univariate logistic re-
gression analysis in order to provide the potential predictors
for the need for colectomy in patients with NEC.

Despite these limitations, to our knowledge, this is the first
and largest study evaluating the clinical factors present in pa-
tients that underwent colectomy for neutropenic enterocolitis.
We believe that our results could help general and colorectal
surgeons when treating this selected morbid population.

Conclusions

In our study, patients were more likely to undergo colectomy
if they developed organ failures and if they required ICU
admission. Based on the severity of the disease and the high
mortality rates after emergent colectomy, early surgical con-
sultation and early surgery before the development of shock or
organ failure should be pursued.
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