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The younger child has more complicated disease 
process 5,6. Life time risk of appendicitis is 9% in 
male and 7% in female child. Peak incidence occurs 
in 10-19 years of age1.

Pathogenesis 
Appendicitis usually occurs due to obstruction of 
the lumen of appendix. Other contributing factors 
include dietary habit - low fiber, high refined sugar, 
and poor hygiene. But some epidemiological study 
does not support this7. Other important cause 
is ischemia due to vascular insult especially in 
neonates2. Small lumen of appendix is obstructed 
by enlarged lymphoid follicle.  Lymphoid growth 
is high and peaks at 12 years of life8. Lymphoid 
hyperplasia occurs because of various inflammatory 
and infective conditions. The highest incidence of 
appendicitis corresponds to the highest lymphoid 
growth time9.

Clinical features
Infants and small children have less symptoms, 
and irritability may be the only symptom. Clinical 
suspicion is also less owing to fewer incidences. 
They often present with complicated appendicitis. 
The history in children is also less reliable10. 
Classical symptoms consist of periumbilical 
pain shifting to the right iliac fossa, nausea and 
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ABSTRACT
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Introduction
‘Children are not small adults’. This is a famous 
dictum in pediatric field. Every disease in children 
is different than adult in many aspects. Acute 
appendicitis is the most common emergency 
condition that requires surgery in children1.  It is 
equally common in adults. Acute appendicitis itself 
is a great mimicker of many abdominal and few 
non abdominal pathology. Basic pathology, clinical 
presentation and management remains similar 
in children and adults, however there are many 
differences in epidemiology, pathogenesis, clinical 
presentations, complications, investigations and 
management. This article will focus on the specific 
issues of acute appendicitis in children. 

Epidemiology
Appendicitis is rare in infants because the base of 
appendix is wide and funnel shaped. It becomes 
tubular like in adults by the age of 2 years2. Its 
incidence is 1-2 / 10000 children up to 4 years of age 
and sharply increases to approximately 25/ 10000 
in the second decade of life1,3.  Very few neonatal 
cases are reported in literature4.  The incidence of 
appendicitis is low in small children but chances of 
perforation is higher in those small children. Age 
has direct relation with the stage of the disease. 
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vomiting with low grade fever. This is seen in less 
than 60% of children11. However abdominal pain, 
nausea and vomiting are prominent. Diagnosis of 
acute appendicitis should be reconsidered in the 
absence of these symptoms. A hungry child rarely 
has appendicitis. Pain abdomen and vomiting 
are also the usual symptoms of gastroenteritis. 
Symptomatically, these two entities can be difficult 
to distinguish. 

Vomiting is the most frequent presenting symptom 
in child less than 3 years of age. Perforation is 
almost always present in these children12. They 
present with features of peritonitis, most commonly 
abdominal distension and tenderness. Diagnosis is 
often delayed because of non-specific symptoms. 
Pain always starts earlier than vomiting except 
in retrocaecal appendix where the tip is pointed 
upwards to the duodenum. Pain may be less because 
of position of appendix eg. retrocaecal, post ileal. 
It is the same as in adults. Significant diarrhea is 
less common except in long pelvic appendix which 
touches rectum. But diarrhea is more common in 
children than adults. It can create confusion with 
gastroenteritis. The duration of diarrhea is short 
as compared to gastroenteritis. High grade fever is 
not seen in uncomplicated appendicitis. Once child 
grows up, they can describe the symptoms well 
and pain abdomen remains the most important 
symptom.

Examination of children requires special skills and 
patience. Typical finding of tenderness and rebound 
tenderness is found only in older and cooperative 
children. Small children are uncooperative and 
they are often irritable and cry on touch. Children 
may not be able to localize the site of pain. Almost 
all children point to the umbilicus as the site of 
pain because it is the most prominent part of the 
abdomen. Classical rebound tenderness should not 
be elicited because it hurts the child and he/she 
may not cooperate in subsequent examination. It is 
done by asking to cough or jump lightly. A study by 
Becker et al. showed that 44% cases have 6 or more 
atypical symptoms13. Infants usually flex their legs 
over abdomen. Older children lie quietly on beds 
in flexed position. Excessively moving and crying 
child rarely has appendicitis. In a study by Chang et 
al., diagnosis could be made only after 2 or more 
visits in 15% of younger patients. Earlier visits were 
considered as nonspecific as the symptoms and 
signs were not specific14. If appendicitis progresses, 

localized abscess occurs in older children while 
diffuse peritonitis is common in infants. If the 
diagnosis is not clear in the absence of convincing 
findings, it is advisable to admit the child and 
subject the child to serial abdominal examinations. 
This policy does not increase the risks and decreases 
probability of false positives15.

Complications
Among all complications of appendicitis, perforation 
peritonitis remains important as it causes 
significant morbidity and mortality. Appendicular 
perforation is common in younger children (7.7%) 
and increases with the duration of symptoms16. 
Rate of perforation is 80-100% in children less than 
3 years as compared to 10-20% in children aged 
1- 17 years16. Fetal and infantile appendix is freely 
mobile and less likely to be fixed with caecum and 
other structure. Diffuse spillage occurs if appendix 
perforates2, and less amount of omentum also fails 
to localize the infection.

Investigations 
Diagnosis of appendicitis is clinical. Laboratory and 
other imaging studies support our clinical suspicion. 
Total leucocyte count (TLC) is usually higher with 
Lymphocytosis because of non-specific conditions. 
So cut-off level is higher. Greater sensitivity and 
specificity of neutrophil/lymphocyte ratio (> 3.5) 
was found to be more sensitive/specific than TLC 
and neutrophil count alone17. Presence of high TLC 
and left shift has specificity of 94%18. Sensitivity 
and specificity of CRP is 57% and 87% in suspected 
appendicitis respectively19. Higher values are 
more significant in perforated appendicitis. Urine 
analysis is helpful to differentiate from urinary tract 
infection, urolithiasis or Henoch-Schonlein purpura.

Ultrasound of abdomen remains important 
investigation in case of doubt. A non-compressible, 
non-peristaltic, and greater than 6 mm tubular 
structure in right iliac fossa is suggestive of 
appendicitis. Secondary signs of appendicitis 
(hyperechoic mesenteric fat, fluid collection, 
localized dilated bowel loops) are equally important 
for diagnosis20.

CT scan has an accuracy of 97% for diagnosis21. The 
major disadvantage of CT scan is radiation exposure 
to child, and exposure to potentially hazardous 
contrast material. Properly done USG is equivalent 
to CT scan. Sensitivity, specificity and accuracy of 
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non-enhanced CT is 97, 100, 98% respectively, 
whereas sensitivity, specificity and accuracy of 
USG is 100, 88, 91% respectively21. These imaging 
methods are applied only if diagnosis is not clear. 
Pena et al. showed marked decrease in perforation 
and negative appendectomy by using CT and USG 
for suspected appendicitis22. There is no good 
evidence to support the routine use of CT scan23. 
Instead of this, clinical reevaluation and repeat USG 
is justified24.

On diagnostic confusion, serial examination of 
abdomen with or without serial USG monitoring 
can decrease the use of CT scan without increase 
in undue risk to the patient25. Because of concerns 
of radiation hazards, CT scan should be reserved as 
the last option. To overcome the hazardous effect 
of CT scan, MRI is gaining popularity. A recent study 
on MRI, showed high accuracy with sensitivity and 
specificity both 97%26.

Differential diagnosis
Differential diagnoses of pain abdomen in children 
are numerous than in adults. Only 1-8% of children 
having pain abdomen have appendicitis12,27. Acute 
gastroenteritis is a common cause of pain abdomen 
in children. Typical features of pain abdomen, 
nausea and vomiting are same for gastroenteritis 
and appendicitis. It is mostly viral and self-limiting. 
Appendicitis may develop as complication of 
gastroenteritis due to obstruction of the lumen of 
appendix by enlarged lymphoid follicle.

Mesenteric lymphadenitis is a common differential 
diagnosis of acute appendicitis in children.  Mostly, 
it is secondary to acute diarrhea and respiratory 
tract infection28. Clinical features are quite similar in 
both the conditions. Clinical evaluation alone may 
not be possible to differentiate acute mesenteric 
lymphadenitis from acute appendicitis29. Central or 
right sided pain abdomen, fever, nausea is present 
in mesenteric lymphadenitis but tenderness is 
not well localized. Pain may be severe but child is 
not prostrated. True abdominal rigidity is absent. 
Tenderness shifts while shifting the position30.

Ovarian pathology in female child is the most 
frequent differential of acute appendicitis. 
Common ovarian pathology in children include 
functional cysts, benign cysts, and malignant 
tumors. Clinical features are similar to acute 
appendicitis in right sided complicated ovarian 
cysts and tumors. In a study by Pomeranz et 

al., 38% of ovarian pathology had preliminary 
diagnosis of acute appendicitis31. Females had 
higher rate of misdiagnosis of acute appendicitis 
probably due to ovarian pathology32.

Constipation is a common problem. Abdomen 
pain may be associated with nausea and vomiting. 
Character of pain is not so severe. Acute constipation 
is usually associated with other acute pathology 
while chronic constipation is usually functional. 
Colonic fecal matter can be palpable abdominally 
of per rectally.

Other common differentials are acute 
pyelonephritis, urinary tract infection, abdominal 
trauma, intestinal obstruction, intestinal colic, right 
sided pneumonia and HSP. In case of diagnostic 
dilemma, a protocol of active monitoring - 
admission to the hospital, and frequent abdominal 
examination preferably by the same surgeon 
with or without USG monitoring increases the 
diagnostic yield, without increase in undue risk to 
the patient25.

Scoring system
To make accurate diagnosis of appendicitis and 
avoid unnecessary negative appendectomies, 
different scoring systems have been designed. 
Alvarado is the first widely used system33. Originally 
it was designed for adults. 

Pediatric appendicitis sore (PAS)

PAS is one of the modifications of Alvarado score for 
children34. It considers the physiological changes in 
children and clinical examinations that are suitable 
for them. Leucocytosis is scored as one point, 
tenderness 2 points. Samuel et al. and few others 
demonstrated increased accuracy in diagnosing 
appendicitis using PAS while others had failed to 
replicate those results. There was no difference 
between Alvarado score and PAS35.

Kharbanda scoring system 

Kharbanda proposed a clinical rule based on a 
cohort of 601 pediatric patients36. It uses 6-part 
score that consists of nausea (2 points), focal right 
lower abdominal pain (2 points), migration of pain 
(1 point), difficulty walking (1 point), rebound 
tenderness/ pain with percussion (2 points), and 
absolute neutrophil count (ANC) > 6.75 * 103/uL (6 
points). A score of 5 or less is considered as low risk 
for acute appendicitis. 
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Lintula score 

This score was described based on a cohort of 
131 children aged 4-15 years37. The score uses 9 
parameters (gender, fever, vomiting, pain at right 
lower abdomen, migration of pain, intensity of 
pain, guarding, rebound tenderness and bowel 
sound). Minimum score is 0 and maximum is 32. 
Score less than 15 is grouped as low probable, 16-
21 as intermediate probable and more than 22 as 
high probable for acute appendicitis 

Management
Once the diagnosis of acute appendicitis is made, 
emergency appendectomy is the treatment of 
choice. No delay in treatment should be done 
as risk of perforation increases with time.  In the 
era of minimal invasive surgery, laparoscopic 
appendectomy in children is also gaining popularity. 
Initial literature demonstrated its safety profile and 
lower wound infection rates but it was not superior 
to open appendectomy. In a meta-analysis of 
randomized trials by Aziz et al. in 2006, there was no 
difference in wound infection rate - intra-abdominal 
abscess, post-operative ileus and post-operative 
fever38. Operative time of laparoscopic method was 
not significantly longer and post-operative hospital 
stay was shorter. However, open appendectomy is 
still popular in current literatures. Alexander et al. 
observed that better outcome in younger children 
was obtained if operated by pediatric surgeon39.

Antibiotic administration is an important step 
for the initiation of treatment. Duration and 
choice of antibiotics may vary. Antibiotics only 
treatment is described in many literatures, 
past and recent. The risk of perforation and its 
consequences are the factors promoting the use 
of antibiotics in children. A randomized controlled 
trial was conducted by Svensson et al. comparing 
antibiotic versus surgery for acute non perforated 
appendicitis in children40. Success rate was 92% 
in antibiotic therapy and only 5% had recurrence 
on follow up. Recent literature suggests antibiotic 
only regimen in children is well tolerated and is 
efficacious in select population41.

Interval appendectomy
Role of interval appendectomy after treatment 
with antibiotics only regimen is a debatable 
issue.  Recent literature is in favor of no interval 
appendectomy.  Recurrence rate ranges from 
0-20%41. In a 4-year follow up study of 864 

patients, Kaminski observed a recurrence rate 
of 5%. It had milder clinical course than the first 
episode42. Higher recurrence rate (77%) is seen if 
appendicolith is present during the first episode 
of appendicitis. Colonic cancers are more common 
after the age of 40 years. So, interval appendectomy 
is not routinely required unless risk factors like 
appendicolith and tumors are suspected. These 
studies are not confined to pediatric population. 
Appendicular lumen is mostly obstructed by 
enlarged lymphoid follicle than appendicolith 
in pediatric population. Colonic cancers are also 
not common in this age bracket. We can raise a 
question of routine use of interval appendectomy 
in children. However further studies are required 
to settle this debate. 

Conclusion
Acute appendicitis in children is markedly different 
than in adults in many aspects. Small children 
tend to have more complicated appendicitis.  
History is less reliable in preverbal children making 
the clinical presentation more difficult. Clinical 
examination requires special skills. Almost every 
abdominal pathology can be confused with acute 
appendicitis, especially in children. There are few 
scoring systems designed to make diagnosis easy. 
Treatment remains the same as in adults. 
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