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Acute appendicitis is the common cause of surgery for acute abdominal pain in children. The 
diagnosis of acute appendicitis in pediatric patients remains a challenge internationally. This disease 
is most common among patients between the age of 10 and 19 y
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aid the diagnostic accuracy of the Pediatric Appendicitis Score (PAS)  in pediatric patients with 
suspected acute append
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INTRODUCTION 
 
Acute appendicitis is the common cause of surgery for acute 
abdominal pain in children. The diagnosis of acute appendicitis 
in pediatric patients remains a challenge internationally. This 
disease is most common among patients between the age of 10 
and 19 years old (Daldal, 2020). The main curative treatment is 
surgical remove of the appendix. Antibiotics can be
treat uncomplicated cases (Varadhan, 2010; Wilms, 2011; 
Styrud, 2006). The surgical removal of a healthy appendix 
occurs in 15% of male patients and 26% of female patients 
with suspected appendicitis (Flum, 2002). The most common 
symptoms of appendicitis are pain in the right lower abdomen, 
nausea, vomiting and loss of appetite. In pediatric patients 
about 30% of cases have an abnormal presentation 
2020; Jones, 2004).  
 
*Corresponding author: 2Erdenetsetseg Ch 
Department of Surgery, School of Medicine, Mongoli
University of Medical Sciences, Ulaanbaatar, Mongolia
2Mongolian-Japan Teaching Hospital, Mongolian National University 
of Medical Sciences, Ulaanbaatar, Mongolia. 

ISSN: 0975-833X  

Article History: 
 

Received 20th March, 2020 
Received in revised form  
19h April, 2020 
Accepted 17th May, 2020 
Published online 30th June, 2020 

 

Citation: Erdenetsetseg Ch, Bayartsetseg, А., Ganbayar, G., Ganbayar, L., Davaalkham, D., Zorig, D. and Puntsag, Ch
appendicitis score, neutrophil-to-lymphocyte ratio and ultrasound in pediatric acute appendicitis
 

 

Key Words: 
 

Pediatric, Neutrophil-to-Lymphocyte Ratio, 
Ultrasound, Appendix. 
 

s 
  

 
 

REVIEW ARTICLE 
 

PREDICTIVE VALUE OF PEDIATRIC APPENDICITIS SCORE, NEUTROPHIL
AND ULTRASOUND IN PEDIATRIC ACUTE APPENDICITIS

 

Bayartsetseg, А., 2Ganbayar, G., 4Ganbayar, L., 3Davaalkham, D., 
and 1Puntsag, Ch 

 

Department of Surgery, School of Medicine, Mongolian National University of Medical Sciences, 
Ulaanbaatar, Mongolia 

Hospital, Mongolian National University of Medical Sciences, Ulaanbaatar, Mongolia
olian National University of Medical Sciences, Ulaanbaatar,

Mongolian National Center for Maternal and Child Health Hospital, Ulaanbaatar, Mongolia
 

 

 

ABSTRACT 

Acute appendicitis is the common cause of surgery for acute abdominal pain in children. The 
diagnosis of acute appendicitis in pediatric patients remains a challenge internationally. This disease 
is most common among patients between the age of 10 and 19 years old. The aim of the study was to 
evaluate whether neutrophil-lymphocyte ratio (NLR) and ultrasound (US) results on admission could 
aid the diagnostic accuracy of the Pediatric Appendicitis Score (PAS)  in pediatric patients with 
suspected acute appendicitis. Our study was performed on 480 children admitted for suspected acute 
appendicitis and underwent appendectomy at the MCHHC, Ulaanbaatar Mongolia, between May 
2019 and December 2019. Patients were categorized into three groups based on the value of t
PAS. The diagnosis of appendicitis was confirmed postoperatively with a histological study. Negative 
(NPV) and positive predictive values (PPV) of PAS, NLR and ultrasound were calculated. In the 
diagnosis of acute appendicitis in pediatric patients, the NLR and ultrasound methods are equivalent 
in terms of diagnostic accuracy. In children with a PAS value of 4 and 5, it more effective to  use a 
combination of ultrasound and NLR to diagnose accurately.  
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A possible postoperative complication is the formation of 
adhesion at the site of the surgery which may
obstruction of the bowel and lead to a second operation 
(Hansson, 2014). Delaying the treatment does not only 
increase the risk of complications but can also lead to death. 
Therefore, adequate diagnosis is essential to reduce the risk of 
unnecessary surgeries and perforation 
recent years, there has been a significa
imaging techniques in the diagnosis of acute appendicitis. 
Studies have shown that CT scans have a sensitivity and 
specificity of up to 95% in diagnosing appendicitis 
2011; Rao, 1998).  However, CT scans carry the risk of 
exposing children to radiation 
2013). In addition, the increase in the outer width of the 
appendix is important in the diagnosis of appendicitis 
(Chabanova, 2011). Also, researches continue to confirm the 
effectiveness of blood cell tests. Numerous studies have 
highlighted the white blood cell, neutrophil to lymphocytes 
ratio, neutrophil cells, lymphocytes, C
platelet volume and platelet cou
2018; Shimizu et al.,  2016; Khan, 2018; Poudel, 20
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. Delaying the treatment does not only 

increase the risk of complications but can also lead to death. 
Therefore, adequate diagnosis is essential to reduce the risk of 

ries and perforation (Andersson, 2007). In 
recent years, there has been a significant increase in the use of 
imaging techniques in the diagnosis of acute appendicitis. 
Studies have shown that CT scans have a sensitivity and 
specificity of up to 95% in diagnosing appendicitis ( Pickhardt, 
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aim of the study was to evaluate whether neutrophil-
lymphocyte ratio (NLR) and ultrasound (US) results on 
admission could aid the diagnostic accuracy of the Pediatric 
Appendicitis Score (PAS)  in pediatric patients with suspected 
acute appendicitis. 
 

MATERIALS AND METHODS 
 
Our study was performed on 480 children admitted for 
suspected acute appendicitis and underwent appendectomy at 
the MCHHC, Ulaanbaatar Mongolia, between May 2019 and 
December 2019.  The diagnosis of suspected appendicitis was 
established preoperatively by one of the consultant pediatric 
surgeons. We recorded their information, physical examination 
signs and key laboratory results (neutrophil count, lymphocyte 
count, white blood cell count). Ultrasound was performed by 
experienced pediatric radiologists. Ultrasound were classified 
as positive or negative indicating the presence or the absence 
of an appendicitis. A positive report was considered when the 
maximum outer diameter of the appendix was greater than 
7.5mm for PAS 3,4,5 and greater than 6.5mm for PAS ≥6. 
When the appendix couldn’t be visualized using ultrasound 
imaging, indirect signs were assessed. Greater than 2 signs of 
appendicitis (large amounts of free fluid, enlargement of 
lymphoid tissue, or pericecal inflammatory fat changes) 
granted a positive report.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Negative reports included those in which the appendix 
measured less than 7.5mm for PAS 3,4,5 and less than 6.5 mm 
for PAS ≥6 and those without visualization of the appendix on 
ultrasound nor greater than two indirect signs of appendicitis. 
NLR upper reference limit for NLR was greater than 7 for PAS 
3≥, 5.8 for PAS 4-5, 4.3 for PAS ≥6. Patients were categorized 
into three groups based on the value of their PAS. The 
diagnosis of appendicitis was confirmed postoperatively with a 
histological study. Negative (NPV) and positive predictive 
values (PPV) of PAS, NLR and ultrasound were calculated. 
Statistical significance was set at p<0.05. All data was 
analyzed using SPSS (Version 20.0,SPSS Inc., Chicago, IL, 
USA).  
 

RESULTS 
 

516 pediatric patients (≤18 years old) were suspected of having 
acute appendicitis and subsequently underwent surgery. 36 
patients did not meet the selection criteria for this study and 
were excluded. From a total of 480 patients, 56% (n=269) 
were male, 44% (n=411) were female (gender ratio was 1.3:1). 
The average age was 10.57 ±3.53. The average duration of the 
disease was 58 ±49.8 hours and 93.3% of the patients 
presented with pain in the right lower abdomen. The 
histological examination noted that 33.9% were 
uncomplicated, 66.9% were severe and 25% (n=119) had no 
signs of appendicitis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 . Clinical signs noted during PAS evaluation 
 

№ Clinical signs of PAS Value 

1 Migration of pain to RLQ 1 
2 Anorexia 1 
3 Nausea and vomiting 1 
4 Elevation of Temperature˃ 380 С 1 
5 Pain in the right lower abdomen 2 
6 Cough/percussion/heel tapping tenderness at RLQ  2 
7 Leukocytosis  ˃10х109 /l 1 
8  Left shift (Neutrophilia ˃ 75%) 1 
9 Total 10 

 
Table 2.Clinical assessment of PAS and diagnostic accuracy of NLR and USG 

 

 PAS NLR PAS+NLR US PAS+US PAS+NLR+US 

Sensitivity 90.8% 89.4% 94.4% 65.05% 94.1% 97.08% 
Specificity 81.6% 83.3% 63.6% 87.2% 86.3% 100% 

Positive predictive value 93.6% 94.15% 97.4% 92% 99% 100% 
Negative predictive value 74.8% 72.4% 43.7% 35.8% 50% 47.05% 

Diagnostic accuracy 88.5% 87.9% 92.5% 83.8% 93.6% 97.1% 

 
Table 3. Negative and positive predictive values by PAS 

 

PAS  PV PAS  PAS+NLR PAS+US PAS+NLR+US 

3 NPV 80.5%  100% 100% 100% 
4-5 NPV 62.2% 86.5% 87.4% 93.1% 
≥6 PPV 93.6% 97.4% 99% 100% 

 

 
 

Figure 3. Categorization of patients based on their PAS. 
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The sensitivity, specificity, positive and negative predictive 
values of PAS, NLR and ultrasound are presented in Table 2. 
PAS scoring system. The positive and negative predictive 
values by PAS category (≤3, 4-5,≥6) are presented in Table 3.  
 

DISCUSSION 
 
Acute appendicitis is the leading cause of emergency 
abdominal surgery in children. Early diagnosis reduces the risk 
of complications such as perforation and reduces the risks of 
performing surgery on a non-inflammatory appendix. 
According to Becker et al., 44% of all patients with acute 
appendicitis present with 6 or more abnormal signs(18). 
Diagnostic methods used vary across countries and between 
hospitals. The international community identified the use of 
peripheral blood tests, ultrasounds, CT scans and MRI imaging 
as the main diagnostic methods. A presentation to the hospital 
more than 24h after the onset of symptoms related to 
appendicitis correspond to an increased risk of perforation. 
Although acute appendicitis may present at any age, the 
diagnosis of this disease in children is more complex. The 
general symptoms they have may be caused by other common 
pediatric diseases. Perforation of the appendix occurs in 10-
20% of cases in patients between 10-17 years of age. 80-100% 
of those cases occur in children under 3 years of age.In 
addition, 10-30% of suspected appendicitis are negative 
following the surgical investigation (Hansson et al.,  2014). 
 
The definitive method of diagnosis has not been yet identified. 
Clinical and computer-based diagnostic methods improved the 
accurate diagnosis of appendicitis in adults and reduced 
surgical interventions on non-inflammatory appendices.  These 
findings were mainly reported on adult patients and very rarely 
reported in children. This study is the first of its kind in our 
country to assess the diagnostic methods that are currently 
used internationally to diagnose acute appendicitis in children. 
We observed that aggregating the PAS values into categories 
(low risk for PAS of 3, medium risk for PAS of 4-5, high risk 
for PAS ≥ 6) improved the diagnostic accuracy of the score. In 
our study, the diagnostic potential of peripheral blood NRL is 
higher than that of ultrasound to diagnose acute appendicitis. 
Determining the cut-off value of NLR in the low, medium, and 
highrisk groups of PAS values increased the diagnostic 
accuracy. Researchers believe that the PAS scoring system is 
better than the introduction of other numerous scoring systems. 
Recent studies have shown that a number of biomarkers have 
been studied in the diagnosis of acute appendicitis in children. 
NLR is simple, easy to perform, accessible, and superior in 
diagnostic capacity. In addition, a number of studies have been 
conducted on the diagnostic criteria when using ultrasound to 
diagnose appendicitis. Although the results of our study 
indicate that ultrasound is an accurate diagnostic method, it is 
not always possible to perform such investigation in the early 
stages of the evaluation. Thus, the NLR may be more 
appropriate. In a tertiary care hospital, the usage of all three 
diagnostic methods are appropriate. Other studies have also 
shown that in our country, it is possible to diagnose acute 
appendicitis without the use of CT which is associated with 
higher cost and low access, especially in children to whom we 
need to reduce exposure to high radiation.  
 
Conclusion 
 
In the diagnosis of acute appendicitis in pediatric patients, the 
NLR and ultrasound methods are equivalent in terms of 

diagnostic accuracy. In children with a PAS value of 4 and 5, it 
more effective to  use a combination of ultrasound and NLR to 
diagnose accurately.  

 
REFERENCES 
 
Andersson RE. 2007. The natural history and traditional 

management of appendicitis revisited: spontaneous 
resolution and predominance of prehospital perforations 
imply that a correct diagnosis is more important than an 
early diagnosis. World journal of surgery.31(1):86-92. 

Becker T, Kharbanda A, Bachur R. 2007. Atypical clinical 
features of pediatric appendicitis. Academic emergency 
medicine.14(2):124-9. 

Boshnak N, Boshnaq M, Elgohary H. 2018. Evaluation of 
platelet indices and red cell distribution width as new 
biomarkers for the diagnosis of acute appendicitis. 
Journal of Investigative Surgery. 31(2):121-9. 

Chabanova E, Balslev I, Achiam M, Nielsen YW, Adamsen S, 
Gocht-Jensen P, et al., 2011. Unenhanced MR Imaging in 
adults with clinically suspected acute appendicitis. 
European journal of radiology.79(2):206-10. 

Daldal E, Dagmura H. 2020. editors. The Correlation between 
Complete Blood Count Parameters and Appendix 
Diameter for the Diagnosis of Acute Appendicitis. 
Healthcare: Multidisciplinary Digital Publishing Institute. 

Flum DR, Koepsell T. 2002. The clinical and economic 
correlates of misdiagnosed appendicitis: nationwide 
analysis. Archives of surgery.137(7):799-804. 

Hansson J, Khorram-Manesh A, Alwindawe A, Lundholm K.  
2014. A model to select patients who may benefit from 
antibiotic therapy as the first line treatment of acute 
appendicitis at high probability. Journal of 
Gastrointestinal Surgery.18(5):961-7. 

Jones K, Peña AA, Dunn EL, Nadalo L, Mangram AJ. 2004. 
Are negative appendectomies still acceptable? The 
American journal of surgery. 188(6):748-54. 

Khan A, Riaz M, Kelly ME, Khan W, Waldron R, Barry K, et 
al., 2018. Prospective validation of neutrophil-to-
lymphocyte ratio as a diagnostic and management adjunct 
in acute appendicitis. Irish Journal of Medical Science 
(1971-).187(2):379-84. 

Pickhardt PJ, Lawrence EM, Pooler BD, Bruce RJ. 2011. 
Diagnostic performance of multidetector computed 
tomography for suspected acute appendicitis. Annals of 
internal medicine.154(12):789-96. 

Pogorelic Z, Rak S, Mrklic I, Juric I. 2015. Prospective 
validation of Alvarado score and Pediatric Appendicitis 
Score for the diagnosis of acute appendicitis in children. 
Pediatric emergency care. 31(3):164-8. 

Poudel R, Bhandari TR. 2017. Risk factors for complications 
in acute appendicitis among paediatric population. JNMA 
J Nepal Med Assoc.56(205):145-8. 

Rao PM, Rhea JT, Novelline RA, Mostafavi AA, McCabe CJ. 
1998. Effect of computed tomography of the appendix on 
treatment of patients and use of hospital resources. New 
England Journal of Medicine.338(3):141-6. 

Russell WS, Schuh AM, Hill JG, Hebra A, Cina RA, Smith 
CD, et al., 2013. Clinical practice guidelines for pediatric 
appendicitis evaluation can decrease computed 
tomography utilization while maintaining diagnostic 
accuracy. Pediatric emergency care. 29(5):568-73. 

Shimizu T, Ishizuka M, Kubota K. 2016. A lower neutrophil to 
lymphocyte ratio is closely associated with catarrhal 

12103                                   International Journal of Current Research, Vol. 12, Issue, 06, pp.12101-12104, June, 2020 



appendicitis versus severe appendicitis. Surgery today. 
46(1):84-9. 

Styrud J, Eriksson S, Nilsson I, Ahlberg G, Haapaniemi S, 
Neovius G, et al., 2006. Appendectomy versus antibiotic 
treatment in acute appendicitis. a prospective multicenter 
randomized controlled trial. World journal of surgery. 
30(6):1033. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Varadhan KK, Humes DJ, Neal KR, Lobo DN. 2010. 
Antibiotic therapy versus appendectomy for acute 
appendicitis: a meta-analysis. World journal of surgery. 
34(2):199-209. 

Wilms IM, De Hoog DE, de Visser DC, Janzing HM. 
Appendectomy versus antibiotic treatment for acute 
appendicitis. Cochrane database of systematic reviews. 
2011(11). 

 
 

12104        Erdenetsetseg et al. Predictive value of pediatric appendicitis score, neutrophil-to-lymphocyte ratio  and ultrasound in pediatric acute appendicitis 

******* 


