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ABSTRACT
Introduction: This study aimed to evaluate the changes made by the pandemic in pediatric 
appendicitis, the Alvarado score and the contribution of ultrasonography to the diagnosis.

Methods: This study was conducted on patients who underwent surgery for appendicitis to 
compare the COVID-19 pandemic period versus the same period the year before. Data regarding 
demographics, age, the time between symptom onset and admission to hospital, laboratory, 
ultrasonography and pathology results and Alvarado score were considered.

Results: A total of 211 patients were operated on for appendicitis, 132 patients in the control 
group and 79 patients in the COVID-19 group. No significant differences between the groups 
in terms of age, gender and the distribution of appendicitis severity were found. The median 
time between the onset of symptoms and admission to the hospital was 2.72 days during 
the COVID-19 pandemic period and there was a significant difference between the two 
groups(p=0.043). Alvarado score and ultrasonography were evaluated together, in the control 
group sensitivity 98.4%, specificity 87.5%, PPV 96.9% and NPV 93.3%; if in the COVID-19 
group were 94.5%, 88.8%, 97.2% and 80%, respectively.

Conclusions: This study has shown that the evaluation of the Alvarado score and ultrasonography 
together,  increases both sensitivity and specificity for the diagnosis of childhood appendicitis. 
That's why the combination of these tests becomes more important in special situations such as 
the COVID-19 period.
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INTRODUCTION
Severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) reason for the Coronavirus 
disease 2019 (COVID-19) was first reported 
by China in December 2019 and has spread 
rapidly around the world. The first case in our 
country was seen on March 11, 2020, when 
the World Health Organization declared the 
COVID-19 outbreak a pandemic.[1] The 
COVID-19 pandemic has caused changes in 
health services, as in all areas of our lives.
Acute appendicitis, the most common cause 
of abdominal surgery in children, is thought 
to develop due to facilities or lymphoid 
hyperplasia.[2] A definitive diagnosis is made 
by histopathological examination.[3] In the 
early stages and especially in young children 
diagnosis of appendicitis is not always easy. 
The risk of complications increases when the 
diagnosis is delayed, and therefore various 
scoring systems have been developed. 
Alvarado score (AS) is one of them.[4] In 
addition, it can be more difficult to diagnose, 
as can be seen from the publications on 
patients who applied with the complaint of 
abdominal pain mimicking acute appendicitis 
during the COVID-19 pandemic period.[5-8] 
In this study, we aimed to observe the 
changes made by the COVID-19 pandemic 
in the number and qualified of cases by 
measuring the diagnostic values of AS and 
ultrasonography (US) according to the 
histopathological results of the patients we 
operated on for appendicitis.

METHODS
A retrospective study on patients under the age 
of 18 by creating two groups was conducted 
whom we operated with the diagnosis of 
appendicitis in our clinic from experiencing 
the COVID-19 pandemic 01.03.2020 to 
31.12.2020 and in the same period of 2019 
(control group) after ethical approval was 
taken from both our university clinical research 
ethics committee(Number:24.03.2021-310) 
and the Ministry of Health.
Patient demographics, age, the time 

between symptom onset and admission to 
hospital, laboratory results, ultrasonography 
evaluation, pathology results and Alvarado 
Score (AS) were considered.
Appendicitis cases were classified as 
complicated (peritonitis, abscess, perforation), 
uncomplicated and normal.
AS was calculated out of 10 points as 
migration of pain 1 point, anorexia 1 point, 
nausea/vomiting 1 point, right lower quadrant 
tenderness 2 points, rebound pain 1 point, the 
elevation of temperature 1 point, leukocytosis 
2 points and neutrophilia 1 point. The AS was 
done in previous studies, patients with an AS 
of ≥ 7 were considered to have appendicitis, 
ie positive, and those with an AS of < 7 were 
considered negative.[3,7] US findings were 
divided into two groups positive and negative. 
According to the histopathology results, the 
sensitivity, specificity, positive predictive 
value (PPV) and negative predictive values 
(NPV) of the AS system, US and both 
together were calculated. Those with negative 
or positive AS or US results alone were not 
included in the evaluation.
Statistical analysis was performed with SPSS 
Version 22 (IBM Corp, Armonk, NY). Data 
were analysed using the Chi-Squared test 
or Fisher’s exact test for categorical data 
and Student t- or Mann-Whitney U tests 
for continuous data. 132 patients before the 
COVID-19  period and 79 patients during 
COVID-19 132 patients before COVID-19 
and 79 patients during COVID-19 treated 
with the diagnosis of appendicitis were 
included in this retrospective study, no 
sample calculation was made. p ≤ 0.05 was 
considered statistically significant.

RESULTS
In our study, a total of 211 patients were 
operated on, 132 patients in the control group 
and 79 patients in the COVID-19 group. 
Basic demographic and outcome details for 
all patients undergoing appendectomy are 
summarized in Table 1. Pathology results 
of the patients were reported as 32 normal 
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appendix, 93 non-complicated appendicitis 
and 7 complicated appendicitis in the control 
group; In the COVID-19 group, 25 normal 
appendicitis, 46 non-complicated appendicitis, 
and 8 complicated appendicitis were reported. 
There were 84 male and 48 female patients in 
the control group, and 46 male and 33 female 
patients in the COVID-19 group. The mean 
age of the patients in the control group, whose 
ages ranged from 3 to 17 years, was 11.8, the 
age range of the patients in the COVID-19 
group was 4 to 17 and the mean was 11.6. No 
significant differences between the groups in 
terms of mean age and gender distribution of 
patients were found.
 In the analysis of the time from the onset 
of symptoms to the hospital admission of 
the patients; It was determined that patients 
applied later (2.72±2.20 days) during the 
COVID-19 pandemic period and there was a 
significant difference between the two groups 
(p=0.04) (Table. 1). Although the rate of 
complicated appendicitis increased from 5.3% 
to 10.1% compared to the previous year in the 
COVID-19 period, no statistically significant 
difference was found in the distribution of 
appendicitis severity (p=0.154).In addition, 
while the number of patients presenting with 
symptoms for more than 5 days was higher 
in the period of COVID-19 and statistically 
significant( p=0.003), no significant difference 
was found for complicated appendicitis in the 
same period for each group (p=0.333) (Table 
1).

In the control and COVID-19 groups, 
sensitivity, specificity, PPV and NPV as 
a result of AS and US evaluation of both 
together are summarized in Table 2. The 
sensitivity of the AS was 78% and the NPV 
was 56.8% in the control group, it increased 
to 88.8% and 76% in the COVID-19 group, 
respectively. Specificity of AS decreased from 
90.6% and PPV from 96.3% in the control 
group to 76% and 88.6% in the COVID-19 
group, respectively. 
While the specificity of US increased in the 
COVID-19 group compared to the control 
group, sensitivity, PPV and NPV decreased 
(Table 2). In the control group, we found 64 
true positives and 2 false positives when the 
AS and US were positive, and 14 true negatives 
and 1 false negative when both were negative. 
These patients were operated on because there 
was no clinical regression or the right lower 
quadrant pain continued to increase. In the 
COVID-19 pandemic period, we detected 35 
true positives and 1 false positive when AS 
and US were positive, and 8 true negatives and 
2 false negatives when both were negative. 
When AS and U were evaluated together, in 
the control group sensitivity 98.4%, specificity 
87.5%, PPV 96.9% and NPV 93.3%; whereas 
in the COVID-19 group were 94.5%, 88.8%, 
97.2% and 80%, respectively. No statistically 
significant difference between the control 
and COVID-19 groups in the diagnosis of 
appendicitis by AS and US evaluation was 
found (p=0.30 for AS, 0.11 for the US). 
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Table 1: Demographic and Outcome Details of Patients
Control COVID-19 p- value

Number of case 132 79
Sex
   Male 84 (63.63%) 46 (58.22) 0.43
   Female 48 (36.37) 33 (41.78)
Age, years (range) 11.8 (3-17) 11.6 (4-17) 0.712
Time from symptom onset to presenta-
tion, days (range)

2.16(±1.24) 
(1-7)

2.72(±2.20)(1-14)
10

0.043
0.003

Presentation  ≥ 5 days after the onset of 
symptom(number)

8 10(12.6%):/ 0.154

Grade of appendicitis 15(11.4%)/17 15(19%)
   Normal appendix  M/F (12.8%) 31(39.2%):
   Uncomplicated appendix  M/F 67(50.8%)/26 15(19%) 0.333
   Complicated appendix    M/F (19.6%) 5(6.3%)/3
Presentation ≥5 days   in the complicated 
appendicitis

2(1.5%):5(3.8%)
]2

(3.8%)
2

M= Male, F= Female)
Table 2: Comparison of Alvarado Score and Ultrasonography during COVID-19 Period

CONTROL COVID-19
Al-

varado 
score

N=132

Ultrasonog-
raphy
N=132

Alvarado 
score+

Ultrasonog-
raphy
N=81

Alvara-
do score

N=79

Ultrasonog-
raphy
N=79

Alvarado 
Score+

Ultrasonog-
raphy
N=46

True positive, n 78 85 64 48 39 35

False positive, n 3 17 2 6 12 1

True negative, n 29 15 14 19 13 8

False negative, n 22 15 1 6 15 2

Sensitivity, % 78 85 98.4 88.8 72.2 94.5

Specificity, % 90.6 46.8   87.5 76 52 88.8
Positive predic-
tive value, %

96.3 83.3 96.9 88.6 76.4 97.2

Negative predic-
tive value, %

56.9 50 93.3 76 46.4 80
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DISCUSSION
Acute appendicitis is one of the most 
common emergencies which requires surgical 
treatment in children. Signs and symptoms 
may vary depending on the age of the child. 

8,9 Various scorings have also been developed 
for appendicitis, which is not always easy to 

diagnose in childhood.[9]
During the COVID-19 pandemic period, 
non-emergency cases were postponed in our 
country as in most countries, but hospitals 
continued to serve non-COVID emergency 
patients. During this pandemic period, there 
has been a decrease and changes in admissions 
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to hospitals due to severe restrictions or 
fear of contamination risk.	 Snapiri et al. 
reported a twofold increase in the incidence 
of complicated appendicitis during the 
COVID-19 pandemic period, although there 
was no statistically significant difference.[10] 
Similarly, in our study, although there was no 
statistically significant difference, the cases 
of complicated appendicitis increased from 
5.3% in the control group to 10.1% in the 
COVID-19 group. We think that the increase 
in these complicated appendicitis cases is due 
to the delayed admission of the patients to the 
hospital (2.72±2.20 days).
There are publications in the literature on the 
nonoperative management of appendicitis 
with antibiotic therapy.[11,12]  No significant 
difference was found in the study of Park 
et al. in which they compared those who 
received antibiotic treatment and those who 
did not, on adult patients diagnosed with acute 
appendicitis with a diameter of up to 11 mm 
without radiological faeces.[13] In our study, 
according to the histopathology results, while 
there is no significant difference in the number 
of the normal appendix and complicated 
appendicitis during the COVID-19 period and 
the previous year, there is a 50% decrease in 
the number of non-complicated appendicitis 
during COVID-19 period. The decrease in the 
number of non-complicated appendicitis in 
our study may be because patients do not come 
to the hospital due to the risk of COVID-19 
infection, and the appendix spontaneously 
resolves when it is not complicated as Tankel 
et al. stated. or applied to other centres.[14] 

In the literature, SARS-CoV-2 PCR tests 
both positive and negative Multisystem 
Inflammatory Syndrome in Children (MIS-C) 
cases are presented.[5,6,15,16] MIS-C can 
cause symptoms such as cardiovascular, 
respiratory and neurological symptoms 
in addition to causing the most common 
gastrointestinal symptoms in children that can 
sometimes be confused with acute abdomen.
[5] Although we think that the reason for the 
increase in the number of patients who were 

operated on during the COVID-19 pandemic 
period and whose histopathology results were 
normal from 24.2% to 31.6%, may be due 
to this gastrointestinal involvement of the 
disease mimicking acute abdomen. We did not 
encounter any SARS-CoV-2 PCR positivity in 
patients or any complaints or symptoms related 
to other systems in their follow-up. This could 
be related to MIS-C without  positive SARS-
CoV-2 PCR test.
Considering the decrease in uncomplicated 
appendicitis cases, it cannot be excluded that 
there may be patients with gastrointestinal 
symptoms who do not apply to health 
institutions due to the risk of infection in 
hospitals. As a result of this, the number of 
children with SARS-CoV-2 infection, which 
may be asymptomatic, may be much higher 
than we thought. 
One of the scoring systems developed for 
the correct diagnosis of acute appendicitis in 
patients presenting with abdominal pain is the 
AS. There are many studies published in the 
literature and their diagnostic values differ.
[3,4,7,17] Khanafer et al. reported sensitivity 
as 68.5%, specificity 74.6%, PPV 54.9%, NPV 
85.3% in their study with patients who were 
considered to have appendicitis when AS was 
≥ 7; while Pogorelic et al. reported sensitivity 
as 89%, specificity 59%, PPV 93.1%, NPV 
46%.[7,17] In our study, sensitivity was 78%, 
specificity was 90.6%, PPV was 96.3%, 
and NPV was 56.9% in the control group; 
sensitivity was 88.8%, specificity 76%, PPV 
88.6% and NPV 76% during the COVID-19 
pandemic period were found. 
Despite the US is dependent on the person 
performing the procedure, it cannot be ignored 
in the diagnosis of acute appendicitis. In the 
study where the AS took the cut-off value of 
6, Bappayya et al. reported that PPV increased 
from 86.3% and NPV from 44.1%, PPV to 
94.1% and NPV to 76.2% when evaluated 
together with the US. [18] Kurane et al. 
reported sensitivity as 78.2%, specificity as 
83.7%, PPV at 75%, and NPV at 86.1% in their 
study with modified AS. In the same study, 
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when they evaluated the modified AS and US, 
they reported that the sensitivity increased 
to 88.8%, the specificity to 96.5%, PPV to 
94.1% and NPV to 93.3%.[19] In our study, 
sensitivity was 98.4%, specificity 87.5%, PPV 
96.9%, and NPV 93.3% in the control group 
when AS and the US were evaluated together. 
In addition, we found the sensitivity to 94.5%, 
specificity at 88.8%, PPV at 97.2% and NPV 
at 80% during the COVID-19 Pandemic 
period. Limitations of this study; it was a 
single-centre and retrospective study and the 
ultrasonography procedure was performed by 
different doctors.

CONCLUSION
This study has shown that the evaluation of AS 
and  US  together,  increases both sensitivity 
and specificity for the diagnosis of childhood 
appendicitis. In cases where the diagnosis of 
childhood appendicitis is difficult, it should be 
considered that the evaluation of AS and US 
together can guide surgeons in the decision 
of operation. That's why the combination of 
these tests becomes more important in special 
situations such as the COVID-19 period.

CONFLICT OF INTEREST
None

SOURCE OF FUNDING 
None

REFERENCES
1.	 Romero J, Valencia S, Guerrero A. Acute 

appendicitis during Coronavirus disease 
2019 (COVID-19): Changes in clinical 
presentation and CT findings. J Am Coll 
Radiol. 2020;17(8):1011–3.http://dx.doi.
org/10.1016/j.jacr.2020.06.002

2.	 Fisher JC, Tomita SS, Ginsburg 
HB, Gordon A, Walker D, Kuenzler 
KA. Increase in pediatric perforated 
appendicitis in the New York City 
metropolitan region at the epicenter 
of the COVID-19 outbreak. Ann Surg. 

2021;273(3):410–5. http://dx.doi.
org/10.1097/SLA.0000000000004426

3.	 Awayshih MMA, Nofal MN, Yousef 
AJ. Evaluation of Alvarado score in 
diagnosing acute appendicitis. Pan 
Afr Med J. 2019;34:15. http://dx.doi.
org/10.11604/pamj.2019.34.15.17803

4.	 Stiel C, Elrod J, Klinke M, Herrmann 
J, Junge C-M, Ghadban T, et al. 
The modified Heidelberg and the AI 
appendicitis score are superior to current 
scores in predicting appendicitis in 
children: A two-center cohort study. 
Front Pediatr. 2020;8:592892. http://
dx.doi.org/10.3389/fped.2020.592892

5.	 Valitutti F, Verde A, Pepe A, Sorrentino 
E, Veneruso D, Ranucci G, et al. 
Multisystem inflammatory syndrome in 
children. An emerging clinical challenge 

Kaya C et al. Diagnosis of childhood appendicitis

for pediatric surgeons in the COVID 
19 era. J Pediatr Surg Case Rep. 
2021;69(101838):101838. http://dx.doi.
org/10.1016/j.epsc.2021.101838

6.	 Lee JH, Han HS, Lee JK. The 
importance of early recognition, timely 
management, and the role of healthcare 
providers in multisystem inflammatory 
syndrome in children. J Korean Med 
Sci. 2021;36(2):e17. http://dx.doi.
org/10.3346/jkms.2021.36.e17

7.	 Pogorelić Z, Rak S, Mrklić I, Jurić I. 
Prospective validation of Alvarado 
score and Pediatric Appendicitis Score 
for the diagnosis of acute appendicitis 
in children. Pediatr Emerg Care. 
2015;31(3):164–8. http://dx.doi.
org/10.1097/PEC.0000000000000375

8.	 La Pergola E, Sgrò A, Rebosio F, 
Vavassori D, Fava G, Codrich D, et 
al. Appendicitis in children in a large 
Italian COVID-19 pandemic area. Front 
Pediatr. 2020;8:600320.  http://dx.doi.
org/10.3389/fped.2020.600320

9.	 Pop GN, Costea FO, Lungeanu D, Iacob 
ER, Popoiu CM. Ultrasonographic 
findings of child acute appendicitis 



58NJMS VOL 7 No. 2 ISSUE 14 July-Dec; 2022

incorporated into a scoring system. 
Singapore Med J. 2022;63(1):35–
41. http://dx.doi.org/10.11622/
smedj.2020102

10.	 Snapiri O, Rosenberg Danziger C, 
Krause I, Kravarusic D, Yulevich 
A, Balla U, et al. Delayed diagnosis 
of paediatric appendicitis during the 
COVID-19 pandemic. Acta Paediatr. 
2020;109(8):1672–6. http://dx.doi.
org/10.1111/apa.15376

11.	 Scott A, Lee SL, DeUgarte DA, 
Shew SB, Dunn JCY, Shekherdimian 
S. Nonoperative management of 
appendicitis. Clin Pediatr (Phila). 
2018;57(2):200–4. http://dx.doi.
org/10.1177/0009922817696465

12.	 Kohga A, Kawabe A, Yajima K, 
Okumura T, Yamashita K, Isogaki 
J, et al. Does the presence of an 
appendicolith or abscess predict failure 
of nonoperative management of patients 
with acute appendicitis? Emerg Radiol. 
2021;28(5):977–83. http://dx.doi.
org/10.1007/s10140-021-01951-0

13.	 Park HC, Kim MJ, Lee BH. Randomized 
clinical trial of antibiotic therapy for 
uncomplicated appendicitis: Antibiotic 
therapy for uncomplicated appendicitis. 
Br J Surg. 2017;104(13):1785–90. http://
dx.doi.org/10.1002/bjs.10660

14.	 Tankel J, Keinan A, Blich O, Koussa M, 
Helou B, Shay S, et al. The decreasing 
incidence of acute appendicitis during 
COVID-19: A retrospective multi-centre 
study. World J Surg. 2020;44(8):2458–
63. http://dx.doi.org/10.1007/s00268-
020-05599-8

15.	 Malhotra A, Sturgill M, Whitley-
Williams P, Lee Y-H, Esochaghi C, 
Rajasekhar H, et al. Pediatric COVID-19 
and appendicitis: A gut reaction to 
SARS-CoV-2?: A gut reaction to 
SARS-CoV-2? Pediatr Infect Dis J. 
2021;40(2):e49–55. http://dx.doi.
org/10.1097/INF.0000000000002998

16.	 Guanà R, Pagliara C, Delmonaco AG, 

Scottoni F, Bordese R, Pruccoli G, et 
al. Multisystem inflammatory syndrome 
in SARS-CoV-2 infection mimicking 
acute appendicitis in children. 
Pediatr Neonatol. 2021;62(1):122–
4. http://dx.doi.org/10.1016/j.
pedneo.2020.09.007

17.	 Khanafer I, Martin D-A, Mitra TP, 
Eccles R, Brindle ME, Nettel-Aguirre 
A, et al. Test characteristics of common 
appendicitis scores with and without 
laboratory investigations: a prospective 
observational study. BMC Pediatr. 
2016;16(1). http://dx.doi.org/10.1186/
s12887-016-0687-6

18.	 Bappayya S, Chen F, Alderuccio M, Xu 
E, Vootukuru N, Lee JC. Non-diagnostic 
sonography may reduce negative 
appendicectomy rate in women when 
combined with abbreviated Alvarado 
score. ANZ J Surg. 2021;91(4):609–15. 
http://dx.doi.org/10.1111/ans.16588

19.	 Kurane SB, Sangolli MS, Gogate 
AS. A one year prospective study 
to compare and evaluate diagnostic 
accuracy of modified Alvarado score and 
ultrasonography in acute appendicitis, in 
adults. Indian J Surg. 2008;70(3):125–9. 
http://dx.doi.org/10.1007/s12262-008-
0035-7

Kaya C et al. Diagnosis of childhood appendicitis


