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Abstract
Background: In the Gezira National Center of Pediatrics Surgery (GNCPS), we observed that 
most of the children presented with acute appendicitis coming from rural areas of Gezira state in 
Sudan and some of them are having perforated appendicitis at operation. This study is designed 
to reflect our local experience in GNCPS regarding the contributing risk factors and outcomes of 
management of children presented with perforated appendicitis.

Methods: This prospective study comprised 200 consecutive patients (age <16 yrs) who were 
admitted with acute appendicitis at GNCPS between 2016 and 2017. Patients were divided into 
two groups: Perforated appendicitis group and non-perforated appendicitis (including; simple 
appendicitis, appendicular abscess, and appendicular mass) group.

Results: Two patient’s groups were analyzed. Among 200 patients, 31 patients (15.5%) were 
classified in the Perforated Appendicitis group, and 169 patients (84.5%) were in the Non-
Perforated Appendicitis group. Children between 11 to 15 years and males were most common in 
both groups and most patients were coming from rural areas of Gezira State. Contributing factors 
associated with perforated appendicitis were found to be: Delayed presentation to the hospital 24 h 
after the onset of abdominal pain, clinical presentation with; fever (P=0.001) and nausea & vomiting 
(P=0.025), delayed diagnosis due to prior visit to local health facilities (P=0.000), Malaria as an initial 
pre-hospital diagnosis, and prior use of; antibiotics (P=0.000), anti-malarial (P=0.000), analgesia 
(P=0.000), and antispasmodic (P=0.027). The outcome of management showed no mortality (n=0), 
6 (46.15%) patients developed wound infection, wound dehiscence seen in 1 (0.5%) patient and 
superficial abscess in another 1 (0.5%) patient. Three patients required readmission for treatment 
of wound-related complications, antibiotic administered for treatment of wound infection in 5 
(55.55%) patients, and wound dressing was required twice/day for 3 (33.33%) patients and once/
day for the other 3 patients.

Conclusion: Perforated appendicitis is more frequently seen among early teenagers. Delayed 
presentation and delayed diagnosis due to prior visit to local health facilities are associated with 
high risk of perforation. Perforation occurs in both obstructed and non-obstructed appendicitis. 
Perforation increases the length of hospital stay and post-operative complications. Early surgical 
intervention and timely use of antibiotics will help in reducing the incidence of complications 
following perforated appendicitis.
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Introduction
Children with acute appendicitis often present with perforation. Appendiceal perforation 

increases the length of hospital stay and post-operative complications which make the overall course 
of the illness significantly more complex. An early diagnosis of appendicitis in children is important 
to prevent perforation, abscess formation, and post-operative complications, and decrease the cost 
by shortening hospital stay [1]. In the Gezira National Center of Pediatrics Surgery (GNCPS), we 
observed that most of the children presented with acute appendicitis coming from rural areas of 
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Gezira state and some of them are having perforated appendicitis 
at operation. This study is designed to reflect our local experience 
in GNCPS in Wad Madani, Gezira State, Sudan, in the contributing 
risk factors and outcomes of management of children presented with 
perforated appendicitis.

Patients and Methods
This is a prospective, observational cross-sectional study 

conducted at Gezira National Center of Pediatrics Surgery in Gezira 
State in the period between September 2016 to August 2017. All 
male and female children up to 15 years of age who presented in 1 
calendar year with provisional clinical diagnosis of acute appendicitis 
and patients with appendicular mass on abdominal examination 
were included. Excluded were patients presented with other causes 
of acute surgical abdomen. The patients were classified into two 
cohorts according to their provisional clinical diagnosis: Perforated 
appendicitis group and non-perforated appendicitis (including; simple 
appendicitis, appendicular abscess, and appendicular mass) group. 
Those with provisional clinical diagnosis of appendicular mass were 
underwent examination under anesthesia to confirm the diagnosis 
and then treated conservatively with appendectomy planned in a 
later stage. All patients discharged from the hospital after treatments 
were followed in the outpatient clinic for four weeks after surgery. 
Data was collected in a patient data sheet designed by the researcher 
and the variables include; age and gender, residence, associated co-
morbidities, time interval from the development of symptoms and 
hospital presentation, clinical presenting symptoms, prior visit to 
local health facilities and previous medical treatment, methods of 
diagnosis; clinical, laboratory radiological or Examination Under 
general Anesthesia (EUA), interval between hospital presentation 
and surgical intervention, intra-operative pathology of appendicitis 
(simple appendicitis, perforated obstructed or non-obstructed type, 
or appendicular abscess), and outcome after surgery. All the collected 
data were analyzed by using the Statistical Package for Social Sciences 
(SPSS) computer program version 16. Qualitative data were analyzed 
by using descriptive statistic, t test, and Pearson chi-square. The P 
value was considered significant if <0.05. Hospital administration 
approval was obtained from the Gezira National Center of Pediatrics 
Surgery and verbal consents were obtained from the guardians of the 
patients.

Results
A total of 200 patients who met the inclusion criteria were 

identified, of these, 169 (84.5%) were diagnosed as non-perforated 
appendicitis and 31 (15.5%) were perforated appendicitis. Table 
1 provides age distributions of the 2 groups. Children between 11 
to 15 years and males were most common in both groups. On the 
other hand, there was no difference in gender (P=0.900) and age 
distribution (P=0.608) between the 2 groups. Most patients were 
coming from rural areas of Gezira State. There were no associated 
co-morbidities in patients with perforated appendicitis.

Case characteristics
In Table 2, most patients 109 (54.5%) were admitted to the 

hospital at a time interval 24 h to 48 h from the onset of symptoms. 
Some patients 21 (36.2%) with perforated appendicitis were initially 
treated in rural hospitals, primary health centers and clinics 
(P=0.000). Malaria was the initial diagnosis of 12 (31.6%) patients 
with perforated appendicitis. A total of 62 (31%) patients received 
medical treatment or remedies before hospital admission. Of these 

22 (35.5%) with perforated appendicitis with a significant difference 
between the 2 groups (P=0.000). The use of antibiotics (P=0.000), 
antimalarial (P=0.000), analgesia (P=0.000), and anti-spasmodic 
(P=0.027) were significantly common in the 2 groups (Table 5). 
On the other hand, there was no significant difference in the use of 
home-made remedies (e.g. Hilba, Hibiscus, Maharaib, herbs ...etc.) 
between the 2 groups (P=0.082). The provisional clinical diagnosis of 
these patients based on their clinical presentation was categorized in 
4 groups; simple appendicitis 152 (76%), perforated appendicitis 31 
(16%), appendicular mass 14 (7%), and appendicular abscess 3 (1%). 
All patients 200 (100%) were diagnosed on their initial presentation 
to the hospital clinically and total White Blood Cell (WBC) count was 
requested for all patients.

Other 43 (21.5%) patients were diagnosed by radiological 
methods, of these 42 (97.7%) by abdominal ultrasound scanning and 
1 (2.3%) by plain abdominal erect & supine X-ray (P=0.093). In 14 
(7%) patients in whom appendicular mass was a suspected diagnosis, 
Examination under Anesthesia (EUA) was undertaken in 12 (85.7%) 
patients as a method for clinical diagnosis. There was a significant 
difference (P=0.047) in the time interval between diagnosis and 
surgical intervention between the 2 groups (Table 6). Most of patients 
20 (64.5%) with perforated appendicitis were underwent surgical 
intervention within 1 h to 2 h. The intra-operative pathologies for 
those who underwent surgical intervention were found to be; simple 

Age Group/ Year Non-perforated Perforated

 No. of Patients Percentage No. of Patients Percentage

0-5 2 1.30% 0 0

6-10 57 33.70% 13 41.90%

11-15 110 65% 18 58.10%

Total 169 100% 31 100%

Table 1: Age Distribution.

Time/ Hours Non-perforated Perforated
Total

 No. of 
Patients Percentage No. of 

Patients Percentage

<24 42 24.80% 2 6.40% 44

24-48 97 57.40% 12 38.70% 109

48-72 16 9.50% 10 32.30% 26

>72 14 8% 7 22.60% 21

Total 169 100% 31 100% 200

Table 2: Time Interval between Onset of Symptoms and Hospital Admission.

Diagnosis Non-perforated Perforated
Total

 No. of Patients No. of Patients

Malaria 26 12 38

Chest Infection 1 1 2

Malaria + Chest Infection 0 1 1

Gastroenteritis 2 4 6

UTI 6 0 6

Gardiasis 1 0 2

Renal Colic 1 1 2

Mesenteric Lymphadenitis 0 1 1

Acute Appendicitis 0 1 1

Total 37 21 58

Table 3: Initial Pre-Hospital Diagnosis.
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appendicitis 154 (81.91%), perforated obstructed appendicitis 18 
(9.57%), perforated non-obstructed appendicitis 13 (6.91%), and 
appendicular abscess 3 (1.59%). The outcome of management showed 
no mortality (n=0), 6 (46.15%) patients developed wound infection, 
wound dehiscence in 1 (0.5%) patient and superficial abscess in 
another 1 (0.5%) patient. Three patients required readmission for 
treatment of wound-related complications, antibiotic administered 
for treatment of wound infection in 5 (55.55%) patients, and wound 
dressing was required twice/day for 3 (33.33%) and once/day for the 
other 3 patients.

Discussion
Acute appendicitis is the most common surgical emergency in 

childhood [2]. In African children, appendicitis is the commonest 
surgical condition requiring emergency operation [3]. Delayed 
diagnosis of children with acute appendicitis may lead to significant 
morbidity and prolonged hospital stay. In Sudan, late diagnosis rather 
than late presentation is a big problem [4]. In this study, perforated 
appendicitis was found in 31 cases (15.5%) of children presenting 
with appendicitis. Perforation rates which have been described in the 
literature vary between 17.6% to 19% respectively [2,5]. Our finding is 
consistent with figures reported in the literature. Various risk factors 
associated with perforation have been studied. In this study, most 
patients 23 (74.19%) presenting with perforated appendicitis were 
from rural areas of Gezira state. This may be attributed to large 
number of pediatrics population served by Gezira National Center of 
pediatric Surgery and lack of primary health services in rural areas. In 
the study done in India, patients from rural areas have higher rates of 
perforation with acute appendicitis than urban patients which 
logically follow that patients who do not have good access to medical 
care would be more likely to present with perforation [2]. This 
difference persists when accounting for other factors associated with 
perforation [6]. Children with perforated appendicitis are much more 
likely to present late to the hospital. In this study, we found that in 
most of patients 22 (68.5%) presented 24 h after the onset of 
abdominal pain and were found to have perforation at surgery. In a 
research done, as the duration of symptoms increases, the proportion 
of simple to complicated appendicitis decreases thereby the number 
of patients with perforation or gangrene increases [2]. This goes with 
finding in a local study in Sudan, in which delayed presentation for 
more than 48 h was associated with complicated appendicitis [7]. 
Fever, nausea and vomiting were significantly more common in 
patients with perforated appendicitis, this indicate the delay in 
presentation of those children. There is a popular believe among rural 
residents of Gezira that some herbal remedies like Hibiscus and Hilba 
will help in relieving abdominal pain. Six (19.35%) patients with 
perforated appendicitis have received home-made remedies but there 
was no statistically significant differences have been found between 
them and others with non-perforated appendicitis. On the other 
hand, diarrhea at presentation showed no statistically significant 
difference in patients presented with perforated or non-perforated 
appendicitis in this study. Gamal and Moore found that diarrhea is 
very often a concomitant symptom in appendicitis but failed to 
acknowledge this as a significant symptom [8]. In contrast to what 
have been found by Jea et al. that diarrhea at presentation was 
observed more frequently and it is found to be significant risk factor 
for a delayed diagnosis of acute appendicitis in children in the interval 
from the initial visit to the hospital to the final diagnosis before the 
appendectomy [9]. Cappendijk and Hazebroek reported that diarrhea 
resulted in a diagnosis of gastroenteritis in almost half of the cases 

and greatly influence the diagnostic delay [10]. Another reason of 
delayed presentation of children with perforated appendicitis is prior 
visit to rural hospitals, primary health centers and clinics. Those 
patients who had a history of prior visit to rural hospitals are 
commonly seen by junior doctors and general practitioners who my 
find difficulty in diagnosing acute appendicitis in a child presented 
with abdominal pain. Distinguishing between the diagnosis of 
appendicitis and other common pediatric diseases with overlapping 
symptoms remains a challenge [11]. In this study 21 (36.2%) patients 
with perforated appendicitis seen prior to hospital presentation and 
22 (35.5%) of them received treatment. Jea et al. found that one of the 
risk factors of a diagnostic delay for appendicitis that presents the 
highest odds ratio among other associated factors is the previous visit 
to local clinics [9]. Harrison et al. reported that primary care 
physicians referred patients with symptoms for a longer period of 
time and who ultimately were found to have a more advanced stage of 
the disease than patients referred from an emergency department 
[12]. In El Obeid, Western Sudan, Doumi and Abdelrahman found 
that it is the problem of late diagnosis rather than late presentation as 
all patients were misdiagnosed and put under treatment for other 
medical conditions before being admitted to the surgical wards [4]. 
This concludes that the prior visit to local health facilities represents a 
diagnostic delay leading to a possible delayed presentation and this 
should prompt the initiation of protocols for the management of 
acute abdominal pain in children at rural hospitals and health care 
facilities. Application of scores like modified Alvarado score 13 might 
be of a particular value in sorting out patients at initial evaluation. In 
this study, 12 (31.6%) patients with perforated appendicitis were 
diagnosed as having malaria in the prior visit to local health facilities 
and received anti-malarial treatment. The use of antibiotics, anti-
malarial, analgesia, and anti-spasmodic were significantly common 
and this was most probably led to resolution of abdominal pain and 
fever that ultimately cause a delayed diagnosis. Children in the 
delayed group being referred after being treating in primary clinics 
for several days or physicians were concerned about various 
differential diagnoses when the clinical signs were not explicit, and 
this make it difficult to determine an acute abdomen in children [9]. 
The provisional diagnosis of patients in this study was based on their 
clinical presentation. This finding goes with other study in which the 
clinical diagnosis remains the cornerstone; nevertheless, laboratory 
investigations provide significant complimentary aid in diagnosis [2]. 
The total White Blood Cell (WBC) count was requested routinely for 
all patients presented with features of acute appendicitis in the study 
center and it is not regarded as a diagnostic tool but rather as a guide 
in the differential diagnoses. Although the WBC count is frequently 
ordered in children with suspected appendicitis, but is unable to 
discriminate between patients with and without appendicitis [14]. 
This is similar to what have been found in a local study, in which 
leucocytes count more than 11,000 is suspicious but not diagnostic of 
complicated appendicitis [7]. In the study center protocol children 
diagnosed as perforated appendicitis are taken as soon as possible to 
the operating room where as others who presented with uncomplicated 
appendicitis are given the same advantage. In this study, 20 (64.5%) 
patients with perforated appendicitis underwent surgical intervention 
within 1 h to 2 h from the time of clinical diagnosis. There was a 
significant difference (P=0.047) in the time interval between diagnosis 
and surgical intervention between the perforated and non-perforated 
groups. Almstrom et al. found that increased time to surgery was not 
associated with increased risk of histopathologic perforation [15]. 
Xuan-Binh et al. found that delaying appendectomy in children does 
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not increase the risk of complicated appendicitis once intravenous 
antibiotics are administered [16]. On the other hand, Papandria et al. 
in their study of risk of perforation found that a greater inpatient 
delay before appendectomy is associated with increased perforation 
rates for children and adults within his population-based study [17]. 
These contradicting findings may be attributed to the fact that 
Papandria et al. study was including both adult and children while the 
other two studies were done in children. However, this was not 
observed in our children with simple appendicitis as all were not 
delayed more than 4 h. In this study, most patients who were found to 
have perforation at operation were males 20 (64.51%). This goes with 
similar finding by Papandria et al., states that male patients were 
more likely to experience perforation independent of age [17]. In 
contrast to these findings, Korner et al. found that perforated 
appendicitis occurred at almost the same incidence in all sex and age 
groups, with higher rates in small children and the elderly, irrespective 
of the gender [5]. In contrast to these findings, Singh, et al. found that 
the perforations were more common in females and patients who 
were younger than 5 years, but statistically it was not significant [2]. 
In this study, the intra-operative finding of obstruction of perforated 
appendix by appendicolith was found in 18 (58.06%) patients with 
perforated appendicitis. Our result in this study goes with similar 
finding by others, that the presence of appendicolith significantly 
increased the probability of complicated appendicitis [2]. A strong 
association of faecolith and perforated appendicitis was also found in 
a regional study [18]. The outcome after surgical intervention showed 
no mortality in the post-operative period in both groups. This is 
consistent with similar finding in local studies from Sudan [4,7]. In 
contrast to what have been found in a regional study, in which the 
mortality rate was 1.50% and both patients who died had a severe co-
morbid medical condition with uncontrolled sepsis [18]. In this 
study, there were no associated comorbidities in patients with 
perforated appendicitis and therefore no mortality has been 
encountered. Post-operative complications were seen in 13 (6.5%) 
patients; of them 7 (3.5%) patients with perforated appendicitis 
developed wound-related complications; infection, dehiscence, and 
superficial abscess. These post-operative complication rates are lower 
than 9.7% and 10.9% rates seen in previous local studies [4,7]. These 
previous local studies were done by general surgeons in none 
specialized hospital and includes both adults and children and as such 
do not reflect the true incidence of complications following surgery 
for complicated appendicitis in children. Half of the patients with 
complications following surgery for perforated appendicitis, required 
readmission and treatment as in-patients. They required daily wound 
dressing and antibiotics administration and of course the length of 
hospital stay is prolonged in these children. This is going with similar 
study which concluded that the hospital stays of patients suffering 
from perforated appendicitis is significantly prolonged [18]. In the 
past perforated appendicitis was associated with high mortality and 
morbidity. Improvement in pediatric anesthesia and the introduction 
of new generations of antibiotics have helped in declining the 
incidence of these complications. A further step is needed to improve 
early diagnosis to decrease the incidence of complicated appendicitis.
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