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Abstract

Background: Lump or mass formation due to delayed presentation after appendicitis is common, and it is frequently
complicated by perforation, gangrene, pus, or abscess formation. Care of patients and management vary between
developed world and developing country. The aim of the study is to analyze outcome of early surgery for appendicular
mass from a developing country perspective. 220 patients of appendicular mass who underwent early appendectomy
over a period of 5 years in the Department of Pediatric Surgery, at author’s institute were retrospectively reviewed. Early
appendectomy was defined as appendectomy done within 24 h of admission. Presentation, examination findings,
investigations, type of surgery, operative findings, post-operative complications, and hospital stay were analyzed.

Results: Age of patients ranged from 2 to 12 years (mean 9.04 ± 2.54 years) and male to female ratio was 2:1. Abdominal
pain was the most common presentation followed by vomiting and fever. Mean pain duration was 4.35 ± 4.23 days.
There was raised temperature in 140 (63.64%) patients, 154 (74.04%) had tachycardia, and 75.86% had raised WBC count.
Laparoscopic appendectomy was done in 31 (14.09%) patients, and the rest 189 (85.91%) patients underwent open
surgery. Perforated appendix was the most common (171 patients, 77.73%) peri-operative finding followed by formation
of pus (135 patients, 61%). Pus was found more in patients less than 5 years old (18 patients out of 23) than patients more
than 5 years old (114 patients out of 197) (P = 0.045). Younger patients also had significantly more complications (39.13%
vs 17.26%, P = .000) and hospital stays (mean 15.61 days vs 9.87 days, P = 0.014) than older boys. Complications
developed in 42 (19.09%) patients, and wound dehiscence (26 patients, 11.82%) was the most common complication.

Conclusion: Early appendectomy for appendicular mass is a feasible option in the developing world, and laparoscopic
appendectomy has good prospect.
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Background
Acute appendicitis is the leading cause of acute surgical ab-
domen in children. Approximately 10% of patients admit-
ted with acute appendicitis present with an appendicular
mass and about 20 to 70% may have perforation [1–4]. An
appendix mass ranges from a simple inflammatory mass
(phlegmon) to appendicular perforation or gangrene with
peri-appendiceal collection of pus (appendiceal abscess) [5].
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The management of appendix mass has always been con-
troversial. Some prefer to do early appendectomy (within
24 h of admission) while others prefer non-operative man-
agement with or without percutaneous drainage of an ab-
scess with CT (computed tomography) or USG
(ultrasonography) guidance, and after a successful non-
operative management, a delayed appendectomy is usually
done 6–8 weeks later (interval appendectomy) [6]. Some
centers discourage early drainage of pus if the volume is
small [7]. There are contradicting evidences to prove super-
iority of one over another. We prefer early appendectomy
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Table 1 The presenting complaints of the patients

Symptoms Number of patients %

Abdominal pain 216 98.18

Vomiting 159 72.27

Fever 146 66.36

constipation 29 13.18

Nausea 13 5.91

Anorexia 11 5.00

Diarrhea 9 4.09

Abdominal distension 7 3.18

Dysuria 4 1.82

Cough 3 1.36

Hematemesis 1 0.45

Melena 1 0.45

Table 2 Findings of important clinical examination and
investigations

Features Number %

Raised temperature 140 63.64

Tachycardia (n = 208) 154 74.04

Palpable lump 182 82.73

WBC count (n = 87)

Leukocytosis 66 75.86

Neutrophilia 62 71.26

Abdominal USG (n = 120)

Acute appendicitis 46 38.33

Appendicular lump 27 22.50
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for appendix mass since there are some evidences that it
avoids prolonged hospital stay and readmission and reduces
cost of care and parenteral suffering and stress which are
very important factors in a resource limited society [4]. We
present our series of appendicular mass managed by early
appendectomy and analyze some factors relevant to the
developing world.

Methods
We retrospectively reviewed 220 patients of appendicular
mass who underwent early appendectomy over a period of 5
years (January 2015 to December 2019) in the department of
pediatric surgery at author’s institute. Early appendectomy
was defined as appendectomy done within 24 h of admission.
Appendicular mass was diagnosed clinically or with ultrason-
ography or during surgical exploration. Children who had
lump in the right iliac fossa due to worm bolus, ileo-caecal tu-
berculosis, or carcinoid tumor who underwent appendectomy
were excluded from the study. Presentation, examination find-
ings, investigations, type of surgery, operative findings, post-
operative complications, and hospital stay were analyzed.
Follow-up records for 2weeks and readmission records until
6weeks were checked. Categorical variables were described as
frequency and percentage, and continuous variables were
expressed as mean ± standard deviation or median. Student t
test and chi-squared test were done using SPSS version 22.
The level of significance was set at 5% (P < 0.05).

Results
Among the 220 patients, there were 147 male and 73 fe-
male patients (male to female ratio: 2.01:1). The age ranged
from 2 to 12 years (mean 9.04 ± 2.54 years). Twenty-three
(10.45%) patients aged less than 5 years (Fig. 1).
Abdominal pain was the most common presentation

(98.18%). The mean pain duration was 4.35 ± 4.23 days
which ranged from less than a day to 35 days. One hundred
and nineteen (54.09%) patients presented within 3 days, and
101 (45.91%) patients presented after 3 days of pain. Other
predominant symptoms were vomiting (72.27%) and fever
(66.36%). Table 1 demonstrates the presenting complaints
of the patients.
Fig. 1 Age distribution of patients
On admission, temperature was elevated in 140 (63.64%)
patients and 154 (74.04%) had tachycardia. In 182 (82.73%)
patients a lump was palpable clinically. Complete blood
count (CBC) was done in only 87 (39.55%) patients. Raised
total count of WBC (more than 11,000/dl) was found in 66
(75.86%) patients and neutrophilia (more than 75%) in 62
(71.26%). In 100 (45.445%) patients, USG was not per-
formed and the patient was directly taken to theater based
on clinical evidence. USG could comment about appen-
dicular mass in only 27 (22.50%) patients. CT scan was not
Intestinal obstruction 10 8.33

Pelvic collection 10 8.33

Normal findings 7 5.83

Perforated appendix 6 5.00

Appendicular abscess 5 4.17

Ascariasis 3 2.50

Chronic appendicitis 2 1.67

Gall bladder sludge 1 0.83

Right hydronephrosis 1 0.83

Liver abscess 1 0.83

Intussusception 1 0.83



Table 4 Complications of early appendectomy for appendicular
mass

Complications Open
appendectomy

Laparoscopic
appendectomy

Total
numbers

%

Wound infection

Without
dehiscence

10 2 12 5.45

With
dehiscence

25 0 25 11.36

Burst
abdomen

5 0 5 2.27

Post-operative
adhesions

2 0 2 0.91

Respiratory
tract infection

2 0 2 0.91

Fecal fistula 1 0 1 0.45

Total 45 2 47 21.36

Rahman et al. Annals of Pediatric Surgery           (2020) 16:39 Page 3 of 5
done in any patient. Table 2 shows important examination
and investigations findings among the patients.
Laparoscopic appendectomy was done in 31 (14.09%)

patients, and the rest 189 (85.91%) patients underwent
open surgery. Open appendectomies were mostly per-
formed in the earlier 3 years, and laparoscopic surgeries
were mostly performed in the later 2 years of the study
period. Perforated appendix was the most common (171
patients, 77.73%) peri-operative finding followed by the
presence of pus (135 patients, 61%) around appendix as
an abscess or free pus. The presence of pus was signifi-
cantly more in patients less than 5 years old (18 patients
out of 23) than patients more than 5 years old (114 pa-
tients out of 197) (P = 0.045). However, there was no
difference in perforation rate between these age groups
(P = 0.119). Table 3 summarizes operative findings.
Abdominal pain more than 1 week was observed in

eighteen patients (8.18%), and they had significantly more
complications (7/18, 38.89% vs 36/202, 17.82%; P = 0.000).
Forty-seven (21.82%) complications developed in 42

(19.09%) patients, and wound dehiscence (25 patients,
11.36%) was most common. Table 4 shows the compli-
cations between patients treated with open vs laparo-
scopic appendectomy (45/189 vs 2/31, respectively, P =
0.029). Four patients needed conversion to open surgery
due to inability to separate the mass laparoscopically
(12.90% conversion rate). Hospital stay ranged from 3 to
42 days with a median hospital stay of 8 days.

Discussion
Appendicitis along with its complications is a major health
burden for the developing world. Appendicular mass com-
prises a spectrum of conditions. The appendix may be sur-
rounded by the omentum, edematous caecal wall, sigmoid
colon, terminal ileum, or coils of the intestine in the vicinity
of appendix which may wall off the inflamed appendix. The
mass can be complicated with abscess formation usually
when the appendix perforates. If the barrier cannot wall off
the inflammation, generalized peritonitis may develop. Al-
though management of appendicular mass is primarily con-
servative in adult population, there is a general trend among
a group of pediatric surgeons for early exploration of appen-
dicular mass [1, 8]. The reasons behind are as follows: earlier
perforation of appendix and abscess formation, less capability
of omentum to confine the infection, and consequently easier
separation of appendix from the mass in children than in
Table 3 Operative findings in appendicular mass

Operative finding Number %

Perforated appendix 171 77.73

Pus 135 61.36

Appendix phlegmon 24 10.91

Gangrenous appendix without visible perforation 17 7.73
adult. Blakely et al. reported that the duration of operation
was not significantly longer with early than interval append-
ectomy [9]. However, many centers also practice con-
servative approach for appendicular mass [10].
Evidences to suggest the best option are conflicting,
and both groups have some evidences to support their
approaches.
This study has some observations that are pertinent to

developing countries. Firstly, delay in presentation is com-
mon. The mean duration of abdominal pain in this study
was 4.35 ± 4.23 days, and about 46% patients presented
after 3 days of symptoms. However, there was no significant
association of duration of pain with the peri-operative con-
dition of appendix (P = 0.118). In most other studies with
appendix mass, perforated appendix or appendicular ab-
scess, the mean duration of presentation was between 3
and 4 days [3, 7, 9, 10]. There were 18 patients in this study
who had abdominal pain for more than a week, and they
had a higher complication rate. Secondly, many patients
with appendix mass who underwent conservative treatment
in studies from developed world did not meet the criteria
of systemic sepsis. On the contrary, most patients in this
study had features of systemic sepsis (raised temperature in
64%, tachycardia in 74%, vomiting in 72%). Thirdly, CBC
was done in only 87 (39.55%) patients due to the fact that
there would be more chance of delay in surgical procedure
because of delay in getting the results which usually takes a
day. Moreover, operating theaters are shared by different
units and are not always available when needed. For these
reasons, we cannot always perform standard preoperative
investigations for all patients. The reason behind more pa-
tients having USG than CBC was that many patients were
admitted with an USG performed in remote areas by un-
qualified sonologists. This is why the findings of USG were
very diverse; it could comment about complicated appendi-
citis in only 40% of patients. The repetition of an USG
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needs out-of-pocket money, and most of the parents are re-
luctant to do this. No patients underwent a CT scan. On
the other hand, USG is usually used in clinically suspicious
cases and CT scans are occasionally performed for equivo-
cal cases in developed world. Due to poor laboratory sup-
port, clinical judgement is usually given more emphasis in
decision making in the developing world. Fourthly, laparo-
scopic appendectomy was done in only 14% of the patients.
In most developed countries, almost all cases of appendicu-
lar mass are now performed laparoscopically. However, it
takes more time for the people in developing country to
enjoy the benefits of advanced technology. Consistent with
other studies, patients who underwent laparoscopic
appendectomy had less complications than open surgery
(5/31 vs 38/189, P = 0.000) [8, 10].
It has long been established that appendectomy can be

performed during the index admission in most patients with
an appendicular mass [1]. The reasons behind our choice of
early appendectomy over conservative treatment are many-
fold. About 10 to 50% of patients, who receive conservative
treatment, fail and ultimately needs potentially more diffi-
cult appendectomies, extended length of stay, and more
complications [1]. Moreover, among the patients who had
been discharged after conservative treatment, about 23%
have a risk of recurrent appendicitis and 30% need urgent
readmissions [6, 11]. Another problem of non-operative
management for the developing countries is that these pa-
tients need frequent imaging which is costly and may need
referral to other centers. Peter et al. reported that patients
treated in their series of conservative approach underwent a
mean of 3.5 CT scans per patient which is a major cost bur-
den and also major exposure to radiation [12]. Several stud-
ies have reported that cost of care is relatively less in early
appendectomy versus conservative treatment [4]. Another
disadvantage of non-operative management of appendicular
masses is misdiagnosis. Early surgery can avoid conse-
quences of misdiagnosis which is not rare [1]. It has also
been reported that patients and families suffer from more
stress if their appendix had not been removed after an at-
tack of appendicitis [13]. Moreover, many of the patients
who present late had already tried some oral or parenteral
antibiotics prescribed by a rural doctor or a physician. An-
other regimen of standard conservative approach would
require 7–14 days of antibiotic therapies with uncertain
results which is often difficult for parents to accept.
Many centers prefer to do image-guided drainage of ap-

pendicular abscess. The set-up for image-guided proced-
ure is not well established in developing countries, and it
will surely increase the cost. It has some limitations such
as failure or inadequate drainage, non-target puncture or
injury to adjacent viscera, bleeding, and infection [14].
However, a prospective randomized trial done in Kansas,
USA, did not find any significant difference between
image-guided drainage versus early laparoscopic
appendectomy with regard to total hospitalization, recur-
rent abscess rate, or total charges [12].
Several studies have shown that younger patients develop

complications early, and they should undergo early surgery
[6, 9]. In this study also, patients aged 5 years or less (23
patients) developed pus more frequently (P = 0.45). They
also had significantly higher rate of complications (39.13%
vs 17.26%, P = .000) and hospital stays (mean 15.61 days vs
9.87 days, P = 0.014). Complications developed in 21.36%
patients, mostly related to wound in open appendectomies,
which is consistent with reported complication rates of 15
to 50% and more in younger age group. This finding reem-
phasizes the need for early referral of young children with
suspected acute appendicitis to surgical facilities and
performing early appendectomy in them.
In many studies that compared early appendectomy

with conservative approach, the comparative groups were
unequal and there was allocation bias, because patients
who underwent surgery were actually the more toxic ones
and thus had more complications, delayed hospital stays,
and more cost. From the findings of many contradicting
studies, it may be assumed that either conservative or
early appendectomy is feasible in cases of complicated ap-
pendicitis. However, developing countries have some
problems, such as delayed presentation, lack of patient
compliance and reluctance to repeated hospital admis-
sions, cost of care, and inadequate logistic support, and
for them, treatment needs to be definitive and earlier.

Conclusion
Early appendectomy can be considered for appendicular
mass in the resource-limited setting which provides a defini-
tive diagnosis and early treatment within acceptable compli-
cation rates. By increasing the volume of laparoscopic
procedures, the complications can be further minimized.
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