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Abstract Introduction Appendicitis in patients with hematological malignancies presents with
vague symptoms, thus requiring a high degree of suspicion for early diagnosis and
treatment to prevent complications.
Objectives The aim of this article was to describe the demographic, clinicoradio-
logical, operative findings, and outcomes in patients with acute appendicitis with
underlying hematological malignancies.
Materials and Methods A retrospective review of pediatric patients with hematologi-
cal malignancy who developed acute appendicitis was conducted. Medical records of
patients were reviewed for patient demographics, disease status, signs, and symptoms
at the time of diagnosis of acute appendicitis, and outcome. The laboratory, radiologi-
cal, and histological findings were retrieved from the hospital records.
Results Six (2.4%) patients developed acute appendicitis over the past 8 years among a
total of 254 patients treated for hematological malignancies in the unit. Five patients had
underlying acute lymphoblastic leukemia (ALL) and onehad acutemyeloid leukemia (AML).
Of the five patients, three were in postremission consolidation, one each in the delayed
intensification and maintenance phase of chemotherapy. The child with AML was on
induction chemotherapy for the first relapse at the time of diagnosis. Fever and abdominal
pain were the common presenting symptoms. Diagnosis was made on ultrasound
abdomen in five patients, and one patient was diagnosed on computed tomography. All
patients underwent open appendectomy. Two patients had evidence of appendiceal
perforation. Three patients had neutropenia at the time of developing appendicitis and
underwent appendectomy regardless of the absolute neutrophil count (ANC). Five patients
recovered well, and chemotherapy was restarted within 2 weeks of appendectomy. One
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Introduction

The gastrointestinal tract is one of the most common sources
of infective complications in children with hematological
malignancies, with a specific predilection to the ileocecal
region. Acute appendicitis is themost common surgical emer-
gency in children with a lifetime cumulative incidence rate of
9% in the general population. Younger children are at an
increased risk of complicated appendicitis.1,2 The reported
incidence of appendicitis is as low as 0.5% in children with
leukemia and most children present with vague abdominal
signs requiring ahigh indexof suspicion for earlydiagnosis and
treatment. The presence of neutropenia and/or thrombocyto-
penia, along with underlying disease conditions, has led to
controversy over whether to opt for medical or surgical
management in these patients.3,4 Here we present the data
of six children with underlying hematological malignancy
managed for acute appendicitis at our center.

Materials and Methods

Study Design
A retrospective observational study was conducted in the
Pediatric Hematology Oncology unit of the Department of
Pediatrics, Dayanand Medical College and Hospital, Ludhiana.

Sample Size
All pediatric patients undergoing treatment for a hematological
malignancywhodevelopedacuteappendicitisfromAugust2014
toDecember2022wereincludedinthestudy.Thedataregarding
the patient’s age, gender, anthropometry, underlying disease
status, signs and symptoms, laboratory, radiological, and histo-
pathological data, treatment modalities, and outcomes at the
time of development of acute appendicitis were retrieved from
the hospital records. The diagnosis of acute appendicitis was
made radiologically on an ultrasound (US) or computed tomog-
raphy (CT) scan in the presence of blind-ending incompressible
tubular structure in the right lower quadrant with an overall
diameter of more than 6mm and raised echogenicity of sur-
rounding mesenteric fat.5 It may or may not be associated with
free fluid or abscess in the abdominal cavity.

The patients with ALL are treated as ALL-BFM 1995
protocol and patients with acute myeloid leukemia (AML)
receive one to two courses of (7þ3) induction followed by
three courses of high-dose cytarabine.6,7

Inclusion and Exclusion Criteria
All patients less than 18 years of age who developed
acute appendicitis while on treatment for an underlying

hematological malignancy were included in the study. Non-
availability of data/incomplete data regarding any of the
studied variables was considered an exclusion criterion.

Primary and Secondary Outcomes

Primary Outcome
Outcome of patients with hematological malignancies who
developed acute appendicitis.

Secondary

A) To describe clinical, laboratory, and radiological
findings.

B) To describe the operative findings.
C) The time taken to start oral feed/duration of hospital

stay.
D) The time taken to reinitiate chemotherapy.

Statistical Analysis
The data collected was tabulated in Excel sheets and statisti-
cal analysis was performed using descriptive methods. Data
were described in terms of range;mean� standard deviation
(�standard deviation), frequencies (number of cases), and
relative frequencies (percentages) as appropriate.

Results

Over a period of 8 years, 254 children were treated for
hematological malignancies and six of them developed
acute appendicitis (2.4%) during the treatment. Among
the six patients diagnosed with appendicitis, five had an
underlying diagnosis of ALL, and only one had AML. The
median age at the time of diagnosis of appendicitis was 7.5
years (range: 4–15 years). All patients were male. Of the five
ALL patients, three were in the postremission consolidation
phase, one was in the delayed intensification phase, and one
patient was on maintenance chemotherapy. The sixth pa-
tient with AML was on induction chemotherapy for the first
relapse (►Table 1).

Three patients had neutropenia at the time of surgery, with
absolute neutrophil count (ANC) being as low as 10 cells/µL in
the patient with relapsed AML. Themedian ANC at the time of
admission and surgery was 847.5 cells/µL (range: 10–7,040
cells/µL) and 1,299.5 cells/µL (range: 10–7,921 cells/µL), re-
spectively. Themedian hemoglobin andmedian platelet count
at the time of surgery were 9g/dL and 133,500 cells/µL,
respectively with thrombocytopenia in two patients.

All patients had a fever, five had abdominal pain, and four
patients had classical tenderness at the right lower quadrant

patient developed a superficial surgical site infection. and one patient with relapsed AML
expired due to refractory septic shock.
Conclusion Acute appendicitis in patients with hematological malignancies can
present with subtle signs and symptoms. Appendectomy can be safely performed
irrespective of the ANC.

Indian Journal of Medical and Paediatric Oncology © 2024. The Author(s).

Acute Appendicitis in Children with Leukemia Kakkar et al.



Ta
b
le

1
D
em

og
ra
ph

ic
de

ta
ils
,d

ur
at
io
n
of

sy
m
pt
om

s,
an

d
la
b
or
at
or
y
fi
nd

in
gs

of
le
uk

em
ic

ch
ild

re
n
w
it
h
ac
ut
e
ap

pe
nd

ic
it
is

Pa
ti
en

t
no

.
1

2
3

4
5

6

A
g
e
in

ye
ar
s

9
4

15
7

8
7

G
en

de
r

M
al
e

M
al
e

M
al
e

M
al
e

M
al
e

M
al
e

W
ei
gh

t
(k
g)

an
d
Z
sc
or
e
as

pe
r
C
D
C
w
ei
gh

t
fo
r
ag

e.
25

(�
0.
9)

17
(0
.3
4)

30
(�

4.
33

)
23

(�
0.
05

)
25

(�
0.
19

)
19

.7
(�

1.
22

)

H
ei
gh

t
(c
m
)
an

d
Z
sc
or
e
as

pe
r
C
D
C
he

ig
ht

fo
r
ag

e.
12

8
(�

0.
9)

10
7
(1
.1
)

15
7
(�

1.
6)

12
1
(�

0.
2)

12
5
(�

0.
5)

11
5
(�

1.
3)

D
ia
gn

o
si
s

Pr
e-
B
A
LL

Pr
e-
B
A
LL

Pr
e-
B
A
LL

Pr
e-
B
A
LL

Pr
e-
B
A
LL

Re
la
ps

ed
A
M
L

D
is
ea

se
st
at
us

Re
m
is
si
on

Re
m
is
si
on

Re
m
is
si
on

Re
m
is
si
on

Re
m
is
si
on

Re
la
ps

e

Ph
as
e
of

tr
ea

tm
en

t
D
el
ay
ed

in
te
ns

ifi
ca
ti
on

C
on

so
lid

at
io
n

C
on

so
lid

at
io
n

C
on

so
lid

at
io
n

M
ai
nt
en

an
ce

Re
in
du

ct
io
n

D
ur
at
io
n
of

sy
m
pt
om

s
be

fo
re

su
rg
er
y
(d
ay

s)
2

2
2

18
7

7

A
N
C
at

ad
m
is
si
o
n
(c
el
ls
/µ
L)

1,
27

8
1,
23

9
45

6
7,
04

0
14

0
10

A
N
C
at

su
rg
er
y(
ce
lls
/µ
L)

4,
26

8
2,
05

9
54

0
7,
92

1
48

0
10

Pl
at
el
et

co
un

t
at

ad
m
is
si
on

(c
el
ls
/µ
L)

4,
00

,0
00

1,
10

,0
00

2,
04

,0
00

3,
21

,0
00

15
,0
00

15
,0
00

Pl
at
el
et

co
un

t
at

su
rg
er
y

(c
el
ls
/µ
L)

1,
17

,0
00

2,
28

,0
00

1,
50

,0
00

7,
19

,0
00

31
,0
00

11
,0
00

H
em

og
lo
b
in

at
ad

m
is
si
on

(g
/d
L)

11
.6

8.
6

7.
6

9.
7

8.
2

8.
7

H
em

og
lo
b
in

at
su
rg
er
y
(g
/d
L)

7.
9

8.
7

9.
3

8.
1

9.
6

9.
7

A
b
br
ev

ia
ti
on

s:
A
LL
,
ac
u
te

ly
m
p
ho

b
la
st
ic

le
uk

em
ia
;
A
M
L,

ac
ut
e
m
ye
lo
id

le
uk

em
ia
;
A
N
C
,
ab

so
lu
te

ne
ut
ro
p
hi
lc

ou
nt
s;

C
D
C
,
C
en

te
rs

fo
r
D
is
ea

se
C
on

tr
ol

an
d
Pr
ev

en
ti
on

.

Indian Journal of Medical and Paediatric Oncology © 2024. The Author(s).

Acute Appendicitis in Children with Leukemia Kakkar et al.



of the abdomen. Three patients were diagnosed with acute
appendicitis within 24hours of the onset of signs and
symptoms and underwent emergency appendectomy after
stabilization. Two patients had a delay in diagnosis due to
the absence of signs of tenderness in the right lower
quadrant and one of them required a CT scan (►Fig. 1)
to establish the diagnosis preoperatively. Another patient
was being managed for febrile neutropenia and did not
have any localizing signs. An US abdomen done to deter-
mine the focus for persistent fever revealed peri-appendic-
ular echogenic collection. The collection was drained by
US-guided percutaneous technique, and an interval appen-
dectomy was performed 2 weeks later. At the time of
admission, all patients were started on broad-spectrum
antibiotics (cefoperazone/sulbactam and amikacin) as per
febrile neutropenia protocol. Oral feeds were withheld
once diagnosed with appendicitis and patients were ad-
ministered maintenance intravenous fluids. Paracetamol
was used for the management of pain in all patients. All
children underwent open appendectomy. The antibiotics
were modified in the patient who underwent percutaneous
drainage based upon the pus culture and sensitivity pat-
tern. The pus culture showed growth of Klebsiella pneumo-
niae sensitive to carbapenems. Four patients required
transfusion of blood components perioperatively. Two
patients had developed complicated appendicitis in the
form of appendicular perforation. One patient developed
a superficial surgical site infection that was managed by
regular bedside wound care. One of the patients had a
coexistent coronavirus 2019 infection at the time of diag-
nosis of appendicitis but did not affect the surgical inter-
vention or outcome.

Five patients recovered well and were started on an oral
diet at a mean duration of 35 hours after surgery (range:
24–48hours). Chemotherapy was restarted after a mean
duration of 11.2 days (4–17 days) from the onset of symp-
toms. Patients were discharged after a mean postoperative

stay of 7 days (range: 5–10 days). One patient had a delay in
diagnosis due to inconclusive US findings. The patient had
persistent fever with neutropenia on day 4 of admission;
hence, antibiotics were upgraded, and antifungal therapy
was added empirically as per the institutional policy. A CT
scan conducted on day 5 due to clinical worsening and
development of abdominal distension revealed the pres-
ence of appendicular perforation, which necessitated surgi-
cal intervention. The patient developed features of
septic shock on postoperative day 4 requiring inotropic
(norepinephrine and dobutamine infusion) support and
died on postoperative day 8 due to refractory septic shock
(►Table 2). All six patients had histology-proven appendi-
citis with no specimen showing leukemic infiltration on
hematoxylin-eosin staining and immunohistochemistry
(►Fig. 2).

Discussion

Acute appendicitis is a rare gastrointestinal complication in
children being treated for hematological cancers. The
reported incidence of acute appendicitis in children with
hematological malignancy is 0.5 to 4.5% as shown inmultiple
studies (►Table 3).8–10 This study revealed an incidence rate
of 2.4% among these children (►Table 3). There are multiple
causes of the acute surgical abdomen in children undergoing
treatment for leukemia but the most common are acute
appendicitis and typhlitis.9 Typhlitis is characterized by
the cecal or terminal ileal wall thickness of more than
3mm on US for a variable length of the bowel segment.
Mucosal injuries from chemotherapy, bacterial overgrowth,
and neutropenia contribute to typhlitis.11 Themost probable
etiology of appendicitis in children with leukemia is luminal
obstruction by a fecolith, which is similar to patients with
appendicitis in the general population. Other causes of
appendicitis may include lymphoid hyperplasia secondary
to a viral infection, enterocolitis in a neutropenic patient, or

Fig. 1 (A, B) Axial and coronal postcontrast images showing a dilated appendix (arrow) in the right iliac fossa with significant peri-appendiceal
fat stranding in keeping with acute appendicitis.
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leukemic infiltration of the appendix. The incidence of
leukemic infiltration of the appendix is negligible as shown
by others; none of the patients had leukemic infiltration of
appendix in our cohort (►Table 3).12–14 It is difficult to
diagnose appendicitis in immune-compromised patients
with leukemia due to the absence of typical signs and
symptoms.8,9,15 Timely diagnosis of appendicitis is key to
improving overall survival in these children.16 Several stud-
ies have confirmed that US and contrast-enhanced CT aid in
establishing the diagnosis for this group of children as
highlighted in►Table 3.4,9,17,18 In our cohort, US successfully
diagnosed appendicitis in all patients except for one, who
later underwent a CT scan for confirmation.

A debate continues between surgical and nonsurgical
approaches to treat appendicitis in leukemic children. Ap-
pendectomy has been the mainstay of management of acute
appendicitis in the past. There is emerging data that nonop-
erative management with broad-spectrum antibiotics may
be equally effective and safe for the management of uncom-
plicated acute appendicitis. The complications of early sur-
gery may include blood loss, bowel obstruction, injury to
bowelwall or surrounding tissues, abscess/fistula formation,
dissemination of infection, and wound complications. The
management of complicated acute appendicitis, that is,
presence of perforation or abscess formation, remains
controversial.1,2

Many studies till the late 1970s showed that patients
managed medically had poor outcomes.19 Exelby et al
and Ver Steeg et al advocated early surgical intervention
that improved survival by 50% in these children.20,21

The distorted anatomyof inflamed tissues in delayed surgical

interventions raises concerns about a higher risk of periop-
erative complications. Delaying surgical resection may also
increase the risk of progression and recurrence of complicat-
ed appendicitis.22 Park et al recommended a non-surgical
approach in the initial stages till the ANC improves.5 Patients
with persistent symptoms after an increase in ANC or sudden
worsening were recommended surgery. Neutropenic chil-
dren with acute appendicitis should be treated medically
without surgery, according to Wiegering et al.4 All five
children recovered well in their study, and none developed
recurrent appendicitis. In our institute, all children indepen-
dent of the ANC at the time of diagnosis undergo early
appendectomy, which reduces the recovery time postopera-
tively. At the time of surgery, three of our patients had
moderate-to-severe neutropenia, reinforcing the feasibility
of appendectomy in neutropenic patients. Mortellaro et al
demonstrated that an early appendectomy (within 24hours
of the onset of symptoms) is safe in neutropenic patients and
did not result in an increased risk of infections or mortality
during the perioperative period.19,22

Webelieve that delay in recovery from infection can lead to
the interruption of chemotherapy for the underlying disease.
This can lead to ineffective treatment and hence increase the
chances of relapse in the future. Upfront appendectomy in
children with leukemia resulted in fewer complications,
shorter hospital stay, and fewer delays in chemotherapy
completion in a retrospective review by Many et al.3 Either
of the two approaches (open or laparoscopic appendectomy)
can be followed based on the patient’s disease status and
surgeon’s preferences with no significant differences in the
outcome.3

Fig. 2 Histopathological examination of the surgical specimen. (A, B) Scanner view showing mucosal ulceration (black arrow) with transmural
infiltration by neutrophils along with serosal congestion in two different areas shown with normal mucosa (orange arrowhead; hematoxylin
and eosin [H&E] 40X). (C) Lowpower view showingulcerationofmucosa (black arrow;H&E100X). (D) High-power view showing the presence of neutrophils
(black arrow) in muscularis propria of appendix (H&E 400X).
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This study is an attempt to demonstrate the course of
appendicitis in children with underlying malignancy at our
institution. This study can guide the management of appendi-
citis in children with leukemia in a resource-constrained
setting; however, it has several limitations. This is a retrospec-
tive study and the number of patients is small. The nutritional
status of children as indicated by serum albumin levels should
have been taken into account to correlate outcomes in this
respect. We did not measure C reactive protein levels which
may have helped in prognostication in this subset.

Conclusion

Acute appendicitis being themost common surgical emergen-
cy in children with hematological malignancies must always
be suspected in a child presentingwith persistent fever and/or
pain abdomen. Diagnosing appendicitis in this subset requires
good clinical and radiological acumen. Appendectomy can be
safely performed in patients irrespective of neutropenia/
thrombocytopenia with optimal supportive care.
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