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Abstract

Introduction: Acute appendicitis (AA) is a common surgical disease which
occurs in almost all age groups, and especially in childhood. Acute appendici-
tis is one of the most common causes of acute abdomen. The lifetime occur-
rence of this disease is approximately 7%, with perforation rate of up to 20%.
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In spite of the well-known classical symptoms and clinical findings of acute
appendicitis, early diagnosis can be sometimes challenging. For the treatment
of simple appendicitis (SA) in children, the effectiveness of antibiotic treat-
ment has been reported. We aimed to determine predictive value of combina-
tion NLR and PAS in pediatric patients with clinical suspicion of acute ap-
pendicitis and complicated appendicitis Methods: Our study was performed
on 480 children admitted for suspected acute appendicitis and underwent
appendectomy at the MNCMCH, Ulaanbaatar Mongolia, between May 2019
and December 2019. White blood count (WBC), Neutrophil, NLR and PAS
were compared between groups. Results: The sensitivity, specificity, PPV,
NPV of PAS + NLR for differentiating complicated and noncomplicated ap-
pendicitis were 86.8%, 89.4%, 92.1% and 76% respectively. The sensitivity,
specificity, PPV, NPV of PAS + NLR for diagnosis of acute appendicitis were
90.5%, 68.1%, 97.68% and 32.6% respectively. Conclusion: In the era of con-
servative antibiotic-based management of uncomplicated acute appendicitis,
we advocate that combination of NLR and PAS is a useful aid in predicting
complicated appendicitis.
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1. Introduction

Acute appendicitis (AA) is a common surgical disease which occurs in almost all
age groups, and especially in childhood. The mortality is quite high especially
when the diagnosis is late, and the rate of late diagnosis of acute appendicitis in
children is also quite high between 30% and 65% [1]. Acute appendicitis is one
of the most common causes of acute abdomen. The lifetime occurrence of this
disease is approximately 7%, with perforation rate of up to 20% [2]. In spite of
the well-known classical symptoms and clinical findings of acute appendicitis,
early diagnosis can be sometimes challenging. For the treatment of simple ap-
pendicitis (SA) in children, the effectiveness of antibiotic treatment has been re-
ported. In appendicitis diagnosis, history and physical examination findings are
important. The Pediatric Appendicitis Score (PAS) is used to diagnose acute ap-
pendicitis in children. The PAS is composed of simple items consisting of clini-
cal symptoms, physical findings, and blood test findings. Since the PAS can be
easily evaluated, it has been widely used. In addition to this, several blood tests
are being used to predict appendicitis and its severity. While blood cells (WBC)
counts are mostly elevated in patients with appendicitis [3]; however, an elevated
WBC count has no predictive value in differentiating simple and complicated
appendicitis [4] with the increase in number of tests, the cost is also increasing.
For this reason, more simple and trustworthy parameters like Neutrophi/Lym-
phocyte (N/L) ratio are necessary. NLR provides information regarding two dif-
ferent immune and inflammatory pathways which may make it a potential
marker to predict appendicitis and its severity. Neutrophil to lymphocyte ratio
(NLR) is directly derived from the WBC, and its diagnostic relevance in AA was
studied more in adults, although AA is more common in children. We aimed to
determine predictive value of combination NLR and PAS in pediatric patients
with clinical suspicion of acute appendicitis and complicated appendicitis. Our
primary objective was to investigate whether NLR and PAS can predict acute
appendicitis and whether it can distinguish between uncomplicated and compli-
cated appendicitis. Our second objective was to determine cut-off values of NLR
and PAS for appendicitis and complicated appendicitis.

2. Methods
2.1. Subject
Our study was performed on 480 children admitted for suspected acute appen-

dicitis and underwent appendectomy at the MNCMCH, Ulaanbaatar Mongolia,
between May 2019 and December 2019. Data were retrospectively collected from
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patients’ medical records, including age, gender, symptoms and clinical signs,
laboratory and histopathological findings as reference standard. The diagnosis of
acute appendicitis in our hospital was established according to clinical manife-
station, physical examination, laboratory findings and/or abdominal ultrasound.
The final diagnosis was determined by histopathological finding.

Exclusion criteria:
¢ Incomplete medical records.
* Hematological disease, cancer.
* Poor speaking skills.
* Undergoing abdominal surgery.
* Chronic disease.

Inclusion criteria:
* Age of <18 years old.
¢ Underwent appendectomy.
* Abdominal organ anomalism.

* No hematological disease, cancer.

2.2. Neutrophil Lymphocyte Ratio

Laboratory data were collected including WBC, neutrophil and lymphocyte val-
ues. NLR was determined by dividing the neutrophil and lymphocyte values ob-

tained.

2.3. Pediatric Appendicitis Score

N* PAS Point
1 Migration of pain 1
2 Anorexia 1
3 Nausea and vomiting 1
4 Elevated temperature > 38°C 1
5 Right lower quadrant tenderness 2
6 Cough, hopping, percussion tenderness in the right lower quadrant 2
7 Increased leukocytes count 1
8 Neutrophilia 1
Total 10

2.4. Statistical Analysis

t-test was used to analyze the differences between groups when the data was
normally distributed, while Mann Whitney U test was utilized when the data was
not normally distributed. By comparing the means of two independent samples,
the power of this study was 1.00. The WBC, neutrophil and NRL were evaluated
for sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV). The cutoff value of WBC, neutrophil, NLR and PAS for diagnosis
of acute appendicitis and distinguishing noncomplicated appendicitis from the
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complicated ones were determined by receiver operating characteristics (ROC)

curves.

3. Result

3.1. Baseline Characteristics

Most acute appendicitis patients in our institution were between the ages of 5 -
10 years old (43.75%), male (56.05%) and underwent laparotomy (0%). The
mean WBC and neutrophil count were 14.1 + 6 x 10*/pl and 11.09 + 6.08, re-
spectively. Histopathological findings included complicated appendicitis in
76.07% of the children (Table 1).

3.2. Accuracy of WB(, Neutrophil, Neutrophil-Lymphocyte Ratio
and PAS for Diagnosis of Acute Appendicitis

Neutrophil, NLR and WBC were significantly higher in the acute appendicitis
group than control (12.1 £ 6.1 vs. 7.8 + 4.4, p < 0.001; and 9.25 + 6.1 vs. 3.6
2.2, p <0.001, 14.72 + 6.02 vs 12.3 + 5.5 p < 0.001 respectively) (Table 2). The
sensitivity, specificity, PPV, NPV, area under the ROC curve, and cutoff point of
NLR, neutrophil and WBC for diagnosis of acute appendicitis were 89.4%,
83.3%, 94.1%, 72.4%, 0.934, and 4.97, 62.5%, 75.8%, 88.5%, 40.2%, 0.716 and 9.6,
57.7%, 62.5%, 82.2%, 33.03%, 0.614 and 12.7 respectively (Figure 1, Table 3).
The sensitivity, specificity, PPV, NPV, and cutoff point of PAS for diagnosis of
acute appendicitis were 90.8%, 81.6%, 93.6%, 74.8%, 6 respectively (Figure 2(a),
Table 4).

3.3. Accuracy of WB(, Neutrophil, Neutrophil-Lymphocyte Ratio
and PAS for Diagnosing CA

WBC, neutrophil, and NLR were significantly greater in complicated than non-
complicated appendicitis (15.3 + 5.94 vs. 13.6 + 6.04 x 10 /uL, p = 0, 008; 12, 83
+ 6.12 vs. 7.79 + 4.46, p < 0.001; and 12.06 + 6.57 vs. 5.57 + 5.98, p < 0.001, re-
spectively) (Table 3). The sensitivity, specificity, PPV, NPV, area under the ROC
curve, and cutoff point of NLR, neutrophil, and WBC for differentiating com-
plicated and simple appendicitis were 81.9%, 85.24%, 91.5%, 70.74%, 0.899, and
6.2; 63.6%, 77.5%, 89.65%, 41.5%, 0.751, and 8.6; and 62.8%, 75.4%, 79.1%,
32.3%, 0.589 and 13.4 respectively (Figure 1, Table 2). The sensitivity, specifici-
ty, PPV, NPV, and cutoff point of PAS for differentiating complicated and sim-
ple appendicitis were 56.7%, 79.1%, 82.9%, 52.3%, 8 respectively (Figure 2(b),
Table 5).

3.4. Accuracy of Combined of PAS and Neutrophil-Lymphocyte
Ratio Distinguishing Noncomplicated and Complicated
Appendicitis with Diagnosis of Acute Appendicitis

The sensitivity, specificity, PPV, NPV of PAS + NLR for differentiating compli-
cated and noncomplicated appendicitis were 86.8%, 89.4%, 92.1% and 76% re-
spectively. The sensitivity, specificity, PPV, NPV of PAS + NLR for diagnosis of
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Table 1. Baseline characteristics of children with acute appendicitis.

Characteristics Mean + SD (min-max)
Age
<5 25 (5.2%)
5-10 210 (43.75%)
10< 245 (51.04%)
Gender
Female 211 (43.95%)
Male 269 (56.05%)
WBC 14.1 + 6 (3.5 - 30.43)
Neutrophil 11.09 + 6.08 (1.07 - 19.67)

Clinical characteristics

Elevated temperature > 38°C

Cough, hopping, percussion tenderness in the right lower quadrant

Right lower quadrant tenderness
Nausea and vomiting
Anorexia
Migration of pain
Increased leukocytes count
Neutrophilia
Surgical Approach
Appendectomy
Laparoscopic
Histopathological Findings
Noncomplicated

Complicated

182 (37.9%)
269 (56%)
394 (82.1%)
320 (66.6%)
327 (68.1%)
242 (50.4%)
351 (73.1%)

301 (62.7%)

480 (100%)

0 (0%)

86 (23.83%)

275 (76.17%)

Table 2. The accuracy of WBC, neutrophil and NLR for diagnosis of complicated acute appendicitis in children.

Mean Complicated  Noncomplicated  p value AUC

NLR 12.06 (6.57) 5.57 (5.98) 0.001> 0.899
WBC 15.3 (5.94) 13.6 (6.04) 0.008 0.589
Neutrophil 12.83 (6.12) 7.79 (4.46) 0.001> 0.751

Cut-off level Sen Spe PPV NPV
6.2 81.9% 85.24% 91.5% 70.74%
134 62,.8% 75.4% 79.1% 32.3%
8,6 63.6% 77.5% 89.65% 41.5%

Table 3. The accuracy of WBC, neutrophil and NLR for diagnosis of acute appendicitis in children.

Mean Positive appendectomy Negative appendectomy  p value
NLR 9.25 + 6.1 36+22 0.001>
WBC 14.72 £ 6.02 123 +5.5 0.001>
Neutrophil 12.1+6.1 7.8+4.4 0.001>

AUC

0.934

0.614

0.716

Cut-offlevel  Sen Spe PPV NPV
4.97 89.4% 83.3% 94.1% 72.4%
12.7 57.7% 62.5% 82.2% 33.03%
9.6 62.5% 75.8% 88.5%  40.2%
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Figure 1. (a) ROC curve of WBC, Neutrophil, and NLR for diagnosing CA; (b) ROC
curve of WBC, Neutrophil and NLR for diagnosis of acute appendicitis.

Table 4. Sensitivity, specificity, PPV, and NPV of the PAS for diagnosing appendicitis.

PAS Sensitivity Specificity PPV NPV
PAS2>1 100% 0% 75% 0%
PAS =2 99.7% 7.5% 76.38% 90%
PAS =3 99.7% 17.5% 76.38% 90%
PAS >4 99.1% 27.5% 80.4% 91.6%
PAS>5 96.6% 51.6% 85.7% 83.78%
PAS>6 90.8% 81.6% 93.6% 74.8%
PAS>7 61.38% 87.5% 93.6% 43.03%
PAS>38 37.7% 96.6% 97.1% 34.11%
PAS =29 13.3% 99.1% 97.9% 72.38%
PAS=10 1.1% 100% 100% 25.2%
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Figure 2. (a) Receiver operating characteristic curve of PAS for diagnosing acute appen-
dicitis; (b) Receiver operating characteristic curve of PAS for diagnosing CA.

Table 5. Sensitivity, specificity, PPV, and NPV of the PAS for diagnosing CA.

PAS Sensitivity Specificity PPV NPV
PAS>1 100% 0% 76.6% 0%
PAS =2 99.6% 0% 76.3% 0%
PAS =3 99.6% 0% 76.3% 0%
PAS =4 99.27% 1.1% 76.7% 33.3%
PAS =5 97.1% 4.7% 77.0% 33.3%
PAS =6 93.8% 19.04% 79.2% 48.48%
PAS 27 69.9% 66.6% 87.3% 40.28%
PAS =8 46.7% 81.6% 88.8% 34.37%
PAS =9 16.3% 96.4% 93.75% 25.96%
PAS =10 1.4% 100% 100% 23.59%

acute appendicitis were 90.5%, 68.1%, 97.68% and 32.6% respectively (Table 6
and Table 7).
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Table 6. Diagnostic accuracy of PAS, NLR and PAS + NLR for CA.

PAS NLR PAS + NLR
Sensitivity 46.7% 81.9% 86.8%
Specificity 81.6% 85.24% 89.4%
PPV 88.8% 91.5% 92.1%
NPV 34.37% 70.74% 76%

Table 7. Diagnostic accuracy of PAS, NLR and PAS + NLR for acute appendicitis.

PAS NLR PAS + NLR
Sensitivity 90.8% 89.4% 90.5%
Specificity 81.6% 83.3% 68.1%
PPV 93.6% 94.1% 97.68%
NPV 74.8% 72.4% 32.6%

4. Discussion

For the treatment of SA in children, the effectiveness of antibiotic treatment has
been reported [5] [6]. A meta-analysis showed that initial antibiotic treatment of
SA was comparable with appendectomy, with a high rate of success, and treat-
ment with antibiotics alone was not associated with increased complications [5].
Thus, accurate distinction between SA and CA is important, as antibiotic treat-
ment for SA could be an option as initial treatment. Non-operative management
with antibiotics alone may be an option for patients with uncomplicated appen-
dicitis; however, surgery is still the first choice for complicated AA, and espe-
cially gangrenous appendicitis. The PAS is mainly scored based on clinical
symptoms, physical findings, and differential WBC. Because of its convenience,
this score has been widely used as a diagnostic tool of acute appendicitis in
children. A score > 6 was reported compatible with the diagnosis of appendicitis.
However, there has been no report on how many points of the PAS are likely to
indicate CA. We found that there was a statistically significant difference in the
PAS between SA and CA. Thus, the PAS may be correlated with histopathologi-
cal progression. In addition, the Youden index cut-off value of the PAS for di-
agnosing CA was 8. At 8 points, the AUC was 0.793. This value was recognized
as a good value of accuracy for diagnosing CA. Additionally, the PPV of a PAS >
8 for diagnosing CA was 88.8%, which was reasonable for diagnostic use. We are
able to show that NLR has a high accuracy to diagnose acute appendicitis in
children with sensitivity of ~0.84. Our finding is similar with previous studies
that showed NLR is a good parameter for diagnosis of acute appendicitis [7] [8]
although with different cutoff value (our study: 4.97 vs 2.87 [9] vs. 3.5 [7]). Fur-
thermore, our patients do not show any abnormality in their appendix (20.42%)
and some even have a non-visualized appendix (47.08%) during abdominal ul-
trasound. It has been known that ultrasound results are very dependent on the
operator and have low accuracy for diagnosis of acute appendicitis. A study
conducted by Yazici et al showed that a NLR over 3.5 in a pediatric patient
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group had maximum sensitivity and more sensitivity than the WBC count.
Another study by Ishizuka et a/ revealed that an NLR > 8 had a significant asso-
ciation with gangrenous appendicitis in patients undergoing appendectomy.
Markar et al assessed 1117 pediatric patients who underwent appendectomy and
determined that the NLR appeared to be of greater diagnostic accuracy than the
total WBC count. According to the present results, WCC is a significant para-
meter for the diagnosis of acute appendicitis. However, it is not a perfect indica-
tor, due to relatively low sensitivity and specificity. With a cut-off value of
11,900/mm’, 71% sensitivity and 68% specificity were found. In a recent study,
Rafiq et al [10] reported very high sensitivity and specificity (87% and 92%, re-
spectively) with the same cut-off value. Nevertheless, in previous studies, sensi-
tivity and specificity of WCC have been reported between 67% - 87% and 43% -
81%, respectively. The argument that NLR is a more sensitive parameter than
the number of leukocytes was put forth 20 years earlier by Goodman et al. [11]
Four studies have been published in the last 5 years regarding this issue. Shimizu
et al. [12] suggest a NLR cut-off value of 5.0 for the diagnosis of acute appendici-
tis, with 44% sensitivity and 22% specificity. Ishizuka et al [13] determined a
cut-off value of 8.0 for NLR to differentiate gangrenous appendicitis from cata-
rrhal appendicitis, with 73% sensitivity and 39% specificity. Kahramanca et al
[14] reported 2 NLR cut-off values of 4.68 (65% sensitivity, 55% specificity) and
5.74 (71% sensitivity, 49% specificity) to distinguish acute appendicitis from
normal appendix, and complicated appendicitis from non-complicated appendi-
citis, respectively. Seving et al. NLR cut-off values were 3.0 (81% sensitivity, 53%
specificity) and 5.5 (78.4% sensitivity, 41.7% specificity) for the diagnosis of
acute appendicitis and perforated appendicitis, respectively. Khairol et al re-
ported the cut-off point of NLR in this study showed a highly statistically signif-
icant difference in an intergroup comparison. It showed that NLR with a cut-off
point of 23.11 could significantly differentiate normal appendix and acute ap-
pendicitis patients with a sensitivity of 75.2% and specificity of 68.7%, in diag-
nosing acute appendicitis. Moreover, most of our patients are male (56.05%)
with an average age of 5 - 10 years (43.75%). These findings were compatible
with previous study [15]. Acute appendicitis is more commonly found in ado-
lescents, which might be associated with the large proportion of lymphoid tissue
during adolescence, resulting in the appendix being susceptible to obstruction

and inflammation.

5. Conclusion

In the era of conservative antibiotic-based management of simple uncomplicated
acute appendicitis, we advocate that combination of NLR and PAS is a useful aid

in predicting complicated appendicitis.
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