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Abstract

Background: Acute Appendicitis (AA) is a common cause of
emergency room visits among children. Non-specific symptoms of
appendicitis may pose a major challenge. Due to the lack of access to
imaging modalities in all facilities and its high cost, the evaluation of
clinical symptoms and examination results is important in diagnosing
acute appendicitis.

Methods: This study is a retrospective cross-sectional study.
Patients admitted to our emergency department and were suspected
of having acute appendicitis by pediatric residents, and underwent
an appendectomy during 2013-2018 were included. A checklist of
the patients’ clinical signs and symptoms, and laboratory results and
imaging findings completed from the records of these patients.
Results: We reviewed the files of 300 patients with a clinical diagnosis
of acute appendicitis and having an appendectomy. Leukocytosis was
found in 248 (82.7%), neutrophilia in 240 (80%) and CRP level equal
or above 12 mg/L was observed in 107 (35.7%) patients. Ultrasound
was performed in 283 patients (94.33%); of which 228 (80.56%) were
reported as acute appendicitis. Abdominal CT scan was performed in
19 patients (6.33%); of which acute appendicitis was reported in 17
patients (89.47%).

Conclusion: The results of this research showed that RLQ tenderness,
and nausea/vomiting are the most common signs and symptoms, and
leukocytosis is the most common laboratory finding in children with
acute appendicitis. It can be suggested that relying just on the clinical
presentation of AA (RLQ tenderness, fever, nausea/vomiting, anorexia
and leukocytosis), can lead to the correct diagnosis of 78% of the
suspected patients.
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Diagnosing Acute Appendicitis in Children

Introduction

Acute Appendicitis (AA) is a common cause of
abdominal pain and emergency room visits among
children, making the appendectomy one of the most
common surgeries in the world (1). Typical symptoms
are not always present nor reliably reported by
children, especially those of less than 5 years of age
(2). Non-specific symptoms of appendicitis may pose
amajor challenge, and the possibility of complications
is higher in children than in adults (3).

Each year, 80,000 children in the United States are
operated on for appendicitis. The most common
age of appendicitis is between 12-18 years old. The
incidence in children under 14 is 4 per 1,000. The
highest prevalence in children is between 11 and 12
years. It is rare (less than 5%) among the children less
than 5 years and very rare (less than 1%) in children
below 3 years of age (1).

The diagnosis of AA in children is more difficult
than in adults. Lack of ability of children to express
the presentation of the disease, delayed diagnosis
by parents and physicians, and the presence of non-
specific gastrointestinal disorders are other causes
of late diagnosis of AA in children (4). Importantly,
delay in diagnosis leads to increased morbidity and
mortality (5).

Children may have more appendicitis perforation
than adults, and peritonitis is more likely to occur
due to the absence of omentum growth, rendering
complications more common (6). In children under
five years of age, the risk of appendix rupture is
even higher (7). Difficult diagnosis of the disease
usually delays the start of treatment and, in many
cases, leads to perforation. Due to the rapid course of
AA, appendicitis is on the list of important diseases
in children (8). Despite the existence of radiologic
techniques, AA is still difficult to diagnose, and
the risk of perforation has been reported in various
centers from 16 to 57%. If the appendix ruptures, the
risk of complications increases (9,10).

Imaging techniques, such as Abdominal and pelvic
Ultrasonography (AUS) and Abdominal Computed
Tomography (ACT), are being used for confirmation
of the diagnosis of AA, and the sensitivity and the
specificity of AUS have been reported to range from
71 to 92% and 83%, and of ACT have been reported
98 and 91%, respectively (11). Due to the lack of
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access to imaging modalities in all facilities and its
high cost, the evaluation of clinical symptoms and
examination results is important in diagnosing AA.

Materials and Methods

This study was a retrospective cross-sectional study.
Patients admitted to our emergency department,
suspected of having AA by pediatric residents, and
underwent an appendectomy during 2013-2018 were
included in the study. The patients who were suspected
of having appendicitis were referred to the pediatric
surgeon consultant. A checklist of the patients’
clinical signs and symptoms (RLQ tenderness,
fever, nausea/vomiting, anorexia), and laboratory
results [leukocytosis, neutrophilia, C-reactive protein
(CRP)] and imaging findings (diagnosis confirmation
in AUS and ACT) was completed from the records of
these patients.

Leukocytosis of more than 10,000/u/ and neutrophilia
of more than 7500/u/, were considered positive. As in
the Emergency department, patients had the laboratory
tests as soon as their arrival, and C-reactive protein
(CRP) rises in time after the onset of the disease
presentation, we considered CRP of equal or more
than 12 mg/dl, which is two times of normal range, as
positive results. When the consultant surgeon asked
for AUS or ACT, they were also performed.

The results were expressed as mean and standard
deviation (mean+SD) for quantitative variables and
as a frequency (percentage) for stratified qualitative
variables. The data were analyzed using SPSS for
Windows version 16 (SPSS inc., Chicago, IL, USA).

Results

We reviewed the files of 300 patients with a clinical
diagnosis of AA and having an appendectomy. The
mean age of children was 8.17+2.73 years, ranging
from 1 to 16 years of age. The number of boys and
girls in this study was 203 (67.7%) and 97 (32.3%),
respectively (Table 1).

The evaluation of signs and symptoms in hospitalized
patients is shown in Table 2. Nausea/vomiting was
present in 236 (78.7%) and anorexia in 202 (67.3%)
of the patients. The most common sign in patients
was RLQ tenderness (Table 2).

Leukocytosis was found in 248 (82.7%), neutrophilia
in 240 (80%) and CRP level equal or above 12 mg/L
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Table 1. Demographic information of the patients

Variable N(%)
Age 8.17+2.73
Male 203(67.7%)
Gender
Female 97(32.3%)

was observed in 107 (35.7%) patients. Comparing
males with females, the incidence of nausea and
vomiting was significantly higher in girls (p=0.009)
(Table 3).

Table 2. Signs and symptoms in patients

Variable N(%)
Nausea/vomiting 236 (78.7%)
Anorexia 202 (67.3%)
RLQ tenderness 280 (93.3%)
Temperature>38 °C 39 (13%)
WBC>10,000/u/ 248 (82.6%)
Neutrophils>7500/u/ 240 (80%)
CRP>12 mg/L 98 (32.7%)

CRP: C-reactive protein; RLQ: right lower quadrant; WBC: white blood cells.

Table 3. Comparison of signs and symptoms between male and female patients

Male

Nausea/vomiting 151 (74.4%)
Anorexia 139 (68.5%)
RLQ tenderness 189 (93.1%)
Temperature>38°C 26 (12.8%)
WBC>10,000/u/ 167 (82.3%)
Neutrophils>7500/ul 163(80.8%)
CRP>12 mg/L 67 (33%)

CRP, C-reactive protein; RLQ, right lower quadrant; WBC, white blood cells

In the pathologic report, AA was reported in 234
patients (78%), lymphoid follicular hyperplasia was
reported in 51 patients (17%), and normal in 15
patients (5%).

Ultrasound was performed in 283 patients (94.33%),
of which 228 (80.56%) were reported as AA. ACT
scan was performed in 19 patients (6.33%), of which
AA was reported in 17 patients (89.47%).

Discussion

Different male:female ratios have also been reported
in other studies. Some authorities believe that the
lifetime risk of appendicitis is estimated to be 25%
in females and 12% in males, and the most common
age is between 10-18 years (12). Also, some studies
found the male to female ratio of 4:1 in children with
AA (13), and another research showed a slightly male
dominance in AA and a male to female ratio of 1.39:1
(14). We had 203 (67.7%) boys and 97 (32.3%) girls
in our sample (Table 1). It is estimated that 10-30%

Gender

Female p-value
85 (87.6%) 0.009
63 (64.9%) 0.195
91 (93.8%) 0.547
13 (13.4%) 0.936
81 (83.5%) 0.994
77 (79.4%) 0.661
31 (32%) 0.226

of laparotomies for appendicitis is misdiagnosis
(15). Our research indicated that a 78% of the
appendectomies had confirmed pathological report
of appendicitis. The difference could be due to our
sample size or the experience of the team.

We found thatthe most common clinical manifestations
were RLQ tenderness (93.3%), leukocytosis (82.6%),
neutrophilia (80%), nausea/vomiting (78.7%), and
anorexia (67.3%). The incidence of nausea and
vomiting was significantly higher in girls (p=0.009).
There was no similar study regarding the difference
in the prevalence of nausea/vomiting in boys and
girls. Furthermore, 98 patients (32.7%) had CRP
levels above 12 mg/L, and 39 patients (13%) had an
axillary temperature above 38 °C. Among the patients
for whom an imaging was performed, ABU suggested
the diagnosis of AA in 80.56% of cases and ACT in
89.47%.

In this study, the symptoms of nausea/vomiting were
written together in the files by the pediatric residents
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and these two symptoms were not separately recorded.
Nausea/vomiting (78.8%) and anorexia (67.3%) were
the most common symptoms in our study. Some
studies have found that vomiting (96%), fever (85%),
and abdominal pain (81%) were the most common
symptoms in AA (16). Other studies showed that
the prevalence of vomiting was 64.3% (17). The
most common sign upon examination is abdominal
tenderness, reported in more than 80% of patients
in previously published reports (18). In the current
study, RLQ tenderness was observed in 93.3% of the
patients.

Although White Blood Cell (WBC) counts are taken
in children with the probability of AA, the accuracy of
this test is limited. In a retrospective study examining
the association between increased WBC and CRP in
763 children with AA, the sensitivity and specificity
of leukocytosis were 69.6 and 43.1%, while the
sensitivity and specificity of CRP were 95.4 and
24.5%, respectively (19). WBC can be normal in 20%
of AA cases (14). In our study, the WBC counts above
10,000/u/ were found in 82.6%, and neutrophilia
(above 7,500/ul) was recorded in 80% of the patients,
while CRP above 12 mg/L (reference range of <6
mg/L) was observed in 32.7% of the patients, which
indicates the CRP level is not a reliable criterion for
diagnosing AA in our patients, who had CRP test by
the time of their arrival to the emergency department.
CRP levels of more than 50 mg/L is suggestive of
complicated appendicitis, and the specificity of CRP
increases with duration of time, while the accuracy of
CRP in diagnosis of AA is the highest within 12 hours
from onset of the symptoms (20). The CRP level in
this study was taken as soon as the patient entered the
emergency department and the trend of CRP levels
was not checked later. This may explain the reason
that CRP level was not useful in diagnosing AA.

In the study conducted in2018 on 320 children between
5-15 years of age, the sensitivity and specificity of
ultrasound in the diagnosis of AA were 58 and 68%,
respectively (21). In 2015, a study carried out on 230
patients with suspected appendicitis, reported that
the ultrasound was able to find AA in 89.7% of cases
(22). Ultrasound is a valuable method in evaluating
differential diagnoses of AA. In our study, AA was
suggested by ABU in 80.56%, and by ACT in 89.47%
of cases. In our center, ACT was used in 19 patients
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(6.33%).

In a study conducted in 2020, the pathologic results
of 1,092 children who underwent appendectomy with
a diagnosis of appendicitis were examined, and it was
reported that 90.4% of the subjects who underwent
surgery had AA (23). In 2011, a study conducted
in our hospital evaluated the pathologic results of
appendectomy in 947 children between the years of
1988-2009. The results of this study showed that the
histopathology of 82.7% ofthe samples were abnormal
including; AA (26.1%), acute purulent appendicitis
(48.6%), gangrenous appendicitis (10.4%), perforated
appendicitis (11.8%), chronic appendicitis (0.8%),
peri-appendicitis  (0.7%), miscellaneous findings
(1.1%), oxyuriasis (0.2%), carcinoid appendicitis
tumor (0.3%) and mycobacterial infection (0.5%)
(24). In this study, the final pathologic diagnosis was
reported as AA in 229 patients (76.3%), lymphoid
follicular hyperplasia in 51 patients (17%), and
normal in 15 patients (5%).

This study demonstrated that RLQ tenderness is
the most common sign, nausea and vomiting are
the most common symptoms, and leukocytosis is
the predominant laboratory finding of AA among
children. Among the signs, a fever higher than
38°C, and among laboratory data, CRP has had little
diagnostic value. Ultrasound and abdominal CT
scans are highly sensitive in diagnosing appendicitis
in children.

Conclusion

The results of this research showed that RLQ
tenderness,
common signs and symptoms, and leukocytosis is the
most common laboratory finding in children with AA.
Ultrasound and CT scans are very useful in diagnosing
AA. Leukocytosis and neutrophilia were detected in
approximately 80% of the patients, but CRP levels
on admission were not raised enough to predict AA.
It can be suggested that relying just on the clinical
presentation of AA (RLQ tenderness, fever, nausea/
vomiting, anorexia and leukocytosis), can lead to the
correct diagnosis of 78% of the suspected patients.

and nausea/vomiting are the most

Limitations
The patients of this study were collected from the
emergency department of a crowded teaching hospital
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and they were all received initially by the pediatric
residents and interns and later assessed by surgical
consultants. The need for an imaging modality was
decided by the surgeon consultant, therefore it might
be ordered in somehow more difficult cases. The CRP
level trend was not followed by taking serial samples

Acknowledgements

We would like to thank the Children’s Medical
Center and its Emergency Department for assisting
in the accomplishment of this study. The study has
been approved by the Ethics Committee of Tehran
University of Medical Sciences (Approval ID:

and the levels were just the initial one at the patients’
arrival in the ED, and maybe there was not sufficient
time to have elevated levels.

IR.TUMS.CHMC.REC.1399.045).

References

1. Almstrom M, Svensson J, Svenningsson A, Hagel E, Wester T. Population-based cohort study on the epidemiology
of acute appendicitis in children in Sweden in 1987—2013. BJS Open 2018 Apr 19;2(3):142-50.

2. Song B, Moon SB, Chae G, Park SB, Hong SK, Kim YH, et al. CT findings that indicate pediatric appendicitis:
lessons from negative appendectomies. Adv Pediatr Surg 2021 Jun;27(1):15-21.

3. Lee YH, Hu PJH, Cheng TH, Huang TC, Chuang WY. A preclustering-based ensemble learning technique for
acute appendicitis diagnoses. Artif Intell Med 2013 Jun;58(2):115-24.

4. Buckius MT, McGrath B, Monk J, Grim R, Bell T, Ahuja V. Changing epidemiology of acute appendicitis in the
United States: study period 1993—-2008. J Surg Res 2012 Jun 15;175(2):185-90.

5. Horwitz JR, Gursoy M, Jaksic T, Lally KP. Importance of diarrhea as a presenting symptom of appendicitis in very
young children. Am J Surg 1997 Feb;173(2):80-2.

6. Bundy DG, Byerley JS, Liles EA, Perrin EM, Katznelson J, Rice HE. Does this child have appendicitis? JAMA
2007 Jul 25;298(4):438-51.

7. Emil S, Laberge JM, Mikhail P, Baican L, Flageole H, Nguyen L, et al. Appendicitis in children: a ten-year update
of therapeutic recommendations. J Pediatr Surg 2003 Feb;38(2):236-42.

8. Kulik DM, Uleryk EM, Maguire JL. Does this child have appendicitis? A systematic review of clinical prediction
rules for children with acute abdominal pain. J Clin Epidemiol 2013 Jan;66(1):95-104.

9. Salé M, Friman G, Stenstrom P, Ohlsson B, Arnbjoérnsson E. Appendicitis in children: evaluation of the pediatric
appendicitis score in younger and older children. Surgery Res Pract 2014;2014:438076.

10. Smink DS, Finkelstein JA, Pefia BMG, Shannon MW, Taylor GA, Fishman SJ. Diagnosis of acute appendicitis in
children using a clinical practice guideline. J Pediatr Surg 2004 Mar;39(3):458-63; discussion 458-63.

11. Fu J, Zhou X, Chen L, Lu S. Abdominal ultrasound and its diagnostic accuracy in diagnosing acute appendicitis:
a meta-analysis. Front Surg 2021 Jun 28;8:707160.

12. Gadiparthi R, Waseem M. Pediatric Appendicitis. InStatPearls 2021 Jul 25. StatPearls Publishing.

13. Salim J, Agustina F, Johozua RM J. Pre-coronavirus disease 2019 pediatric acute appendicitis: risk factors
model and diagnosis modality in a developing low-income country. Pediatr Gastroenterol Hepatol Nutr 2022
Jan;25(1):30-40.

14. Zvizdic Z, Golos AD, Milisic E, Jonuzi A, Zvizdic D, Glamoclija U, et al. The predictors of perforated appendicitis
in the pediatric emergency department: a retrospective observational cohort study. Am J Emerg Med 2021
Nov;49:249-252.

Volume 6 _ Number 2 m Spring 2023

foyNanor

TIINNOD TYJIIN NYINI

(O8]
—
O



joyNanor

i TIINNOT V103N NYINYYI

Diagnosing Acute Appendicitis in Children

15. Sayyahfar S, Nasiri J, Dehghan KT, Lotfollahzadeh S, Atgiaee K, Jahangiri F. Pitfalls in the diagnosis of acute
appendicitis in Tehran children’s hospital. Arch Pediatr Infect Dis 2019 Jul 31;7(3).

16. Alloo J, Gerstle T, Shilyansky J, Ein SH. Appendicitis in children less than 3 years of age: a 28-year review.
Pediatr Surg Int 2004 Jan;19(12):777-9.

17.Syed S, Naji H. Aretrospective analysis of acute appendicitis in children treated with laparoscopic appendectomies
at a single center in Dubai, UAE. Dubai Med J 2021;4:225-230.

18. Irish MS, Pearl RH, Caty MG, Glick PL. The approach to common abdominal diagnoses in infants and children.
Pediatr Clin North Am 1998 Aug;45(4):729-72.

19. Roosevelt GE, Reynolds SL. Does the use of ultrasonography improve the outcome of children with appendicitis?
Acad Emerg Med 1998 Nov;5(11):1071-5.

20. Zhou J, Xu W, Wang J, Fan Z. Related markers for the precision diagnosis of complex appendicitis in children.
Front. Pharmacol Front Pharmacol 2022 Mar 31;13:865303.

21. Pedram A, Asadian F, Roshan N. Diagnostic accuracy of abdominal ultrasonography in pediatric acute
appendicitis. Bull Emerg Trauma 2019 Jul;7(3):278-83.

22. Farrokh Tehrani D, Layegh P. Evaluation of CT scan in patients suspicious for acute appendicitis with negative
or equivocal sonographic findings. Med J Mashhad Uni Med Sci 2015;58(8):466-72.

23. Rodriguez E, Valero J, Jaramillo L, Vallejo-Ortega MT, Lagos L. Evaluation of concordance among surgeons
and pathologists regarding the diagnosis and classification of acute appendicitis in children. J Pediatr Surg 2020
Aug;55(8):1503-6.

24. Monajemzadeh M, Hagghi-Ashtiani MT, Montaser-Kouhsari L, Ahmadi H, Zargoosh H, Kalantari M. Pathologic
evaluation of appendectomy specimens in children: is routine histopatholgic examination indicated? Iran j Pediatr
2011;21(4):485.

Volume 6 = Number 2 m Spring 2023



