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SUMMARY 

Introduction: Acute appendicitis (AA) is the most common non-obstetric condition which requires surgical 
intervention during pregnancy. The aim of the present study is to compare hemogram parameters of AA with 
those in a previous prenatal visit.  

Material and Methods: The study included 32 patients with a final pathological confirmation of AA who 
underwent an open appendectomy between March 2015 and August 2019. Hemogram parameters at the time of 
diagnosis of AA were compared with those at the time of a previous prenatal visit.  

Results: The median age was 25 (range, 18-40) years. The mean white blood cell (WBC), mean neutrophil 
count, median neutrophil-to-lymphocyte ratio (NLR) and median platelet-to-lymphocyte ratio (PLR) were 
significantly higher in AA compared to the prenatal visit (all p<0.05). The mean lymphocyte count was significantly 
lower in AA (p=0.007).  

Conclusion: This is the first study in which hemogram parameters at the time of diagnosis of AA and during a 
previous prenatal visit were compared in the same pregnant patient group at diagnosis of AA. We believe that 
significantly increased mean WBC, neutrophil count, median NLR, median PLR and decreased mean lymphocyte 
count compared to the previous prenatal visit may be useful in the diagnosis of AA in pregnant women. 
 

ÖZ 

Giriş: Akut apandisit (AA), gebelik sırasında cerrahi müdahale gerektiren en yaygın obstetrik dışı durumdur. Bu 
çalışmanın amacı, AA'nın hemogram parametrelerini önceki bir prenatal muayenedeki sonuçlarla karşılaştırmaktır. 

Gereç ve Yöntem: Bu çalışmaya, Mart 2015 ile Ağustos 2019 arasında açık apendektomi yapılan ve nihai 
patolojik inceleme sonucu AA tanısı kesinleşen 32 hasta dahil edildi. AA tanısı konulduğu sırada alınan 
hemogram parametreleri, önceki bir prenatal muayenedeki sonuçlarla karşılaştırıldı. 
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Bulgular: Medyan yaş 25 (dağılım, 18-40) yıldı. Ortalama lökosit sayısı (WBC), ortalama nötrofil sayısı, medyan 
nötrofil-lenfosit oranı (NLR) ve medyan trombosit-lenfosit oranı (PLR), doğum öncesi ziyarete kıyasla AA'da 
anlamlı derecede yüksekti (tümü p<0.05). Ortalama lenfosit sayısı AA'da anlamlı olarak daha düşük olarak 
bulundu (p=0,007). 

Sonuç: Bu çalışma, AA tanısında aynı gebe hasta grubunda AA tanısı sırasındaki ve önceki bir prenatal 
muayene sırasındaki hemogram parametrelerinin karşılaştırıldığı ilk çalışmadır. Önceki prenatal muayenedekine 
kıyasla anlamlı şekilde artmış ortalama WBC, nötrofil sayısı, medyan NLR, medyan PLR ve azalmış ortalama 
lenfosit sayısının, gebelerde AA tanısında faydalı olabileceği kanaatindeyiz. 

 

INTRODUCTION 

Acute appendicitis (AA) is the most common 
general surgical emergency in the general 
population. AA is also the most common 
nonobstetric condition which requires surgical 
intervention in pregnancy. The incidence has 
been reported to be between a range of 6.3 to 
10.1 per 10,000 pregnancies. The incidence of 
AA during the first two trimesters was found 
higher than those during the third trimester (1, 2). 

Although the diagnosis of AA is mainly based on 
patient history, physical examination and 
radiological tools, the diagnosis and management 
process in pregnancy is different from that in the 
general population. In a recent study (3), the 
Alvarado scoring system was found to be 
insufficient in the evaluation of suspected AA in 
pregnancies. Because, the common symptoms 
and findings of AA such as abdominal pain, 
nausea, vomiting, loss of appetite and elevated 
white blood cell (WBC) count are observed in the 
natural course of most pregnancy. In addition, 
radiological examination is not as reliable and 
feasible as outside of pregnancy. The sensitivity 
of ultrasonography (US) in pregnancy is lower 
compared to that in the general population due to 
different localization of the appendix according to 
the gestational week. Computed tomography is 
not recommended because of the devastating 
complications of radiation exposure on the fetus; 
and magnetic resonance imaging is not 
applicable in all hospitals (4, 5). 

The optimal approach for the diagnosis of 
pregnant women with suspected AA is still 
controversial. Pregnancy-related physiological 
and hematologic change, the relatively low 
sensitivity and specificity of the Alvarado scoring 
system, and limitations of the usage of 
radiological tools in pregnancy have encouraged 
physicians to investigate potential predictive 

blood parameters to achieve a more accurate 
diagnosis of AA in pregnancy. 

The WBC count, lymphocyte count, neutrophil 
count, platelet-to-lymphocyte ratio (PLR) and 
neutrophil-to-lymphocyte ratio (NLR) are known 
as inflammatory markers. The diagnostic or 
prognostic impact of levels of these hemogram 
parameters was investigated in AA and many 
other inflammatory diseases (4-7). Pregnant 
patients with presumed AA have been compared 
with nonpregnant patients or healthy pregnant 
women or healthy women or various 
combinations of these in previous studies (6, 7). 

In the present study, we aimed to retrospectively 
evaluate hemogram parameters of AA and 
compare them with those in a recent regular 
prenatal visit in the same pregnant patient group.  
 

MATERIAL AND METHOD 

Study Design 

The medical records of 461 women patients in 
reproductive-aged (range: 18-45 years) who 
underwent appendectomy (among 1414 
appendectomy procedures) due to suspected 
appendicitis in Mus State Hospital between 
March 2015 and August 2019 were reviewed 
retrospectively. Patient data were provided by the 
hospital software database and patient files.  

Patients with a final pathological confirmation of 
AA (acute focal appendicitis or acute suppurative 
appendicitis) or complicated appendicitis (acute 
gangrenous appendicitis or acute perforated 
appendicitis) were included in the study. Patients 
with comorbid conditions including haematological 
disorders, chronic liver disease, renal failure, 
cancer, asthma, chronic obstructive lung disease, 
or patients with a parasitic, bacterial or viral 
infection, alcohol consumption, smoking and those 
with incomplete records were excluded from the 
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study. After the initial evaluation, 32 patients who 
met the study criteria were included in the 
analysis. 

Patient characteristics such as age, number of 
gravidities and parities, gestational week; and 
clinicopathological features including clinical 
presentations, duration of complaints, duration of 
hospital stay, diagnostic modalities, type of 
anaesthesia, maternal or fetal complications and 
final pathology report were collected from the 
medical records. The WBC, neutrophil, 
lymphocyte and platelet count, the NLR, and PLR 
at the day of admission due to AA were reviewed. 
In addition, hemogram parameters that were 
evaluated in the last prenatal visit before 
appendectomy in all patients were noted. If the 
patient had any complaint or a proven infection 
focus such as urinary infection during a regular 
prenatal visit, an earlier regular prenatal visit 
without any complaint or proven infection focus in 
the last three months was taken into 
consideration. Different periods of the pregnancy 
were compared in the same pregnant patient 
group included in the study, hence the statistical 
analysis was performed via 64 patients in most of 
the parameters. 

Diagnosis of AA was established according to 
patient history, physical examination, laboratory 
and radiological examination. All patients 
underwent an open appendectomy. Patients 
were examined by a gynaecologist preoperatively 
to exclude any pregnancy-related complications, 
to specify gestational week and to evaluate fetal 
vitality. They were all administered tocolytic 
treatment upon the advice of gynaecologists 
before the operation. The abdominal US was 
performed again just after surgery and before 
discharge to confirm fetal vitality. The WBC, 
neutrophil, lymphocyte, and platelet counts were 
performed via venous blood samples. The values 
of PLR and NLR were found by dividing platelet 
and neutrophil counts to lymphocyte count. 

Written permission for this study was obtained 
from the administration of the Mus State Hospital 
(Date: 04/30/2020, Decision No: 7405). Ethics 
committee approval was obtained from the Non-
Interventional Clinical Studies Institutional Review 
Board of Izmir Kâtip Celebi University (Decision 
number: 876, Decision date: 09.17.2020) due to 

the absence of a local ethics committee. The study 
was performed in accordance with the ethical 
standards as laid down in the 1964 Declaration of 
Helsinki.  

Statistical Analysis 

All statistical analyses were performed using 
Statistical Package for Social Sciences version 
22.0 (IBM Corp.; Armonk, NY, USA). The mean ± 
standard deviation and frequency values were 
used for the variables. The homogeneity of 
variances, which is a prerequisite for parametric 
tests, was evaluated by the Levene test. The 
assumption of normality was done with the 
Shapiro-Wilk test. When the differences between 
the two groups are evaluated; Student's t-test 
was used if the parametric test meets the 
prerequisites, otherwise Mann Whitney-U test 
was. The correlation between the classification of 
the groups separated by cut-off values was 
calculated according to the variables, and real 
classification was expressed by examination of 
sensitivity and specificity using the receiver 
operating characteristic (ROC) curve analysis. 
p<0.05 was considered to be statistically 
significant. 

RESULTS 

The study group included 32 pregnant patients 
who underwent an open appendectomy due to 
AA. The median age was 25 (range, 18-40) 
years. Fifteen (46.9%) of the patients were 
multipara, while 12 (37.5%) patients were 
primipara and five (15.6%) were nullipara. There 
were no multiple pregnancies in the study group. 
Out of the 32 pregnant patients, 17 (53.1%) 
patients were in the first trimester, 13 (40.6%) in 
the second trimester and two (6.2%) were in the 
third trimester at the time of diagnosis. Abdominal 
pain and nausea/vomiting and anorexia were 
present in most patients. Abdominal tenderness 
was found in all patients. Preoperative USG 
revealed AA in 23 out of 32 patients (71.9%). No 
other scanning method was applied. 
Perioperative serious complications including 
intraabdominal abscess, haemorrhage, preterm 
labour, maternal or fetal loss were not observed 
in any of the patients. The demographic 
characteristics and clinicopathologic features of 
patients are summarized in Table 1. 
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Mean gestational age was 11.88±5.93 and 
14±6.39 at the time of the prenatal visit and AA, 
respectively. No statistically significant difference 
was observed between groups (p=0.095). The 
mean WBC, neutrophil count, median NLR and 
median PLR were significantly higher at the time 
of AA compared to the time of prenatal visit (all 
p<0.05). The mean lymphocyte count was 
significantly lower in AA (p=0.007). No difference 
was found in the mean platelet count between 
groups (p=0.595). When differences of values 
were investigated, a more remarkable increase in 
mean neutrophil count and median NLR were 

found in AA compared to regular prenatal visit 
(Table 2). 

The ROC curve analysis was applied to 
determine cut-off values and to evaluate the 
impact of hemogram parameters in diagnosing 
AA in pregnant patients (Figure 1). Sensitivity, 
specificity, and accuracy rates of parameters 
were calculated based on determined cut-off 
values. A neutrophil count >7600 cells/mL was 
found to be the most sensitive and specific 
parameter with an accuracy rate of 96.9% (Table 
3). 

 

Table 1. The demographic characteristics and clinicopathologic features of pregnant patients diagnosed with acute appendicitis 
(n=32). 

 Mean±SD (range) n (%) 

Age (years) 26.28±6.24 (18-40)  

Gravidity 3.78±2.32 (1-9)  

Parity 2.31±2.08 (0-7)  

Gestational Age (weeks) 14±6.39 (7-30)  

Duration of Symptoms (days) 1.5±0.62 (1-3)  

Length of Hospital Stay (days) 2.09±0.64 (1-4)  

Abdominal pain  31 (96.8) 

Nausea or vomiting  25 (78.1) Symptoms 

Loss of appetite  24 (75) 

Fever  9 (28.1) 

Tenderness in the right iliac fossa  32 (100) Physical Finding 

Rebound tenderness  17 (53.1) 

   

Positive  23 (71.9) Ultrasonography 

Negative  9 (28.1) 

   

General  28 (87.5) Anesthesia 

Regional  4 (12.5) 

   

Acute Focal Appendicitis  18 (56.2) 

Acute Suppurative Appendicitis  7 (21.9) 

Acute Gangrenous Appendicitis  3 (9.4) 

Pathology 

Acute Perforated Appendicitis  4 (12.5) 

   

None  30 (93.8) Complication 

Superficial Surgical Site Infection  2 (6.2) 

SD: Standard deviation. 
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Table 2. Comparison of gestational age and hemogram parameters of acute appendicitis with a previous prenatal visit in 
pregnant women. 

95% Confidence Interval p  Prenatal Visit  
(n=32) 

Acute Appendicitis 
(n=32) Lower Upper  

Gestational Age (weeks) 11.88±5.93 14±6.39 - - 0.095¶ 

White blood cells (K/mL) † 8552.84±1251.48 14695.5±3379.34 1.6021 1.8509 <0.001¶ 

Neutrophil count (K/mL) † 5361.97±1284.59 11967.44±3341.1 2.0678 2.7248 <0.001¶ 

Lymphocyte count (K/mL) † 2253.09±668.08 1751.28±764.84 0.6966 0.9608 0.007§ 

Platelet count (K/mL) † 267781±72716 258750±62126 0.9170 1.0968 0.595§ 

Neutrophil-to-lymphocyte ratio ‡ 2.6 (0.44-5.67) 7.68 (2.64-20.4) 2.9722 4.7385 <0.001¶ 

Platelet-to-lymphocyte ratio ‡ 113.63 (65.15-283) 150.31 (71.78-436.96) 1.235 1.921 0.034¶ 

†Mean±standard deviation; ‡Median (minimum–maximum).  §: Student t-test; ¶: Mann-Whitney U test 

 

 

Table 3. Sensitivity and specificity rates for cut-off values based on the area under the receiver operating characteristic (ROC) 
curve in pregnant women diagnosed with acute appendicitis. 

Asymptotic 95% Confidence 
Interval 

Parameters 
Cut-off 
Value 

Sensitivity 
(%) 

Specifity 
(%) 

Accuracy 
Rate (%) 

AUC±SE 
Lower  
Bound 

Upper 
Bound 

WBC (K/mL) >10600 87.5 96.9 90.6 0.944±0.034 0.877 1.000 

Neutrophil count (K/mL) >7600 93.8 100 96.9 0.971±0.022 0.928 1.000 

Lymphocyte count (K/mL) <1820 65.6 81.3 73.4 0.701±0.068 0.568 0.835 

NLR >4.27 81.3 93.7 87.5 0.931±0.029 0.873 0.988 

PLR >118.68 71.9 62.5 67.1 0.654±0.071 0.515 0.793 

ROC curve analysis (Youden index J—Honley and McNell). AUC: Area under the receiver operating characteristic curve; SE: 
Standard error; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; WBC: white blood cells. 

 

 

 
Figure 1. The receiver operating characteristic (ROC) curve analysis to determine the cut-off values of hemogram parameters. 
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DISCUSSION 

The results of this single-center retrospective 
study revealed that the mean WBC, neutrophil 
count, median NLR and median PLR were 
significantly higher and mean lymphocyte count 
was significantly lower at the time of AA 
compared to the time of the regular prenatal visit 
of the same pregnant patients. Additionally, an 
elevated neutrophil count was calculated to be 
the most sensitive and specific hemogram 
parameter. 

Diagnosis of AA was reported as 35% less likely 
in pregnant women compared to the women 
outside pregnancy (1). Delayed or missed 
diagnosis is associated with dramatically 
increased risk of mortality and morbidity including 
sepsis, bowel obstruction, pneumonia, wound 
infection, preterm labour and placental abruption. 
In a recent study, Ibiebele et al. (8) advocated 
that appendectomy performed at 20 or more 
weeks of gestation increased the risk of preterm 
labour of pregnant women. Surgical site infection 
occurred in two patients in our series, and no 
other maternal or fetal complications were 
observed. 

Rates of peritonitis were found to be 20.3% and 
16.1% in pregnant women with appendicitis and 
in nonpregnant women with appendicitis, 
respectively (2, 9). Complicated appendicitis by 
peritonitis is also correlated with poorer obstetric 
outcomes. It was also reported that in the case of 
peritonitis in pregnant patients, the preterm 
labour was fourfold more and the caesarean 
section was approximately doubled (9). These 
poorer outcomes in pregnant women with AA 
may be linked to several difficulties in diagnosing 
AA (2, 9). However, a negative appendectomy 
rate in pregnant women is considered to be 
between 17.4-21.4% and this rate is similar to 
nonpregnant women in childbearing age (1, 10). 
On the other hand, conservative management of 
AA during pregnancy is recommended to be 
avoided due to the significantly increased risk of 
maternal septic shock and venous 
thromboembolism (2). 

Considering both up to 21% negative 
appendectomy rates and also a significantly 
higher risk of maternal or fetal complications of 
complicated appendicitis; a prompt and accurate 

diagnosis should be established (1, 2, 9). There 
is no specific marker for diagnosis but 
conventional laboratory parameters, which are 
also inflammatory markers, have been evaluated 
to provide a more accurate and early diagnosis 
(6, 7). Although these markers including the WBC 
count, lymphocyte count, neutrophil count, NLR 
and PLR are never expected to be superior to 
clinical evaluation, they are thought to may be 
helpful to establish or eliminate a diagnosis of 
AA. 

A hemogram sample is a cheap, reliable and 
easily accessible method to calculate many 
inflammatory markers. The WBC count is the 
most common applied parameter to evaluate 
inflammation. It is expected to increase in AA. 
However, the WBC count also shows a 
physiological elevation with gestational age (4, 6, 
7). Neutrophils are important blood cells in the 
immune system and have an important role in 
inflammatory conditions. Platelets provide 
modulation of several inflammatory events. 
Increased neutrophil count and decreased 
lymphocyte count are expected in AA, similar to 
other inflammatory diseases (6, 7, 11). As a 
result of these changing levels of blood cells,  
NLR and PLR values are expected to elevate in 
AA and other inflammatory events. 

Recently published studies comparing hemogram 
parameters of pregnant patients with AA and 
nonpregnant women or healthy pregnant women 
reported a significant increase in the WBC count, 
neutrophil count, NLR and PLR, while a 
statistically decrease was observed in 
lymphocyte count was found in pregnant women 
with AA. Mean platelet count was similar in 
pregnant and control groups (4, 6, 7). The NLR 
was reported as the most important diagnostic 
hemogram parameter with an accuracy rate of 
79.4% and 90.8% in recent studies (6, 7). A 
recent study (7) determined a cut-off value of 
NLR>6.84 while NLR>5.5 was based as a cut-off 
value in another study (6). Our analysis 
determined a cut-off value of >4.27 for NLR, and 
sensitivity and specificity rates were calculated as 
81.3% and 93.7%, respectively. A combination of 
NLR and PLR with CRP level, the WBC count 
and lymphocyte count may establish an accurate 
diagnosis of AA with 90.5% accuracy (7). In the 
present study, we found elevated neutrophil 
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count as the most reliable parameter with 
sensitivity and specificity rates of 93.8% and 
100%, respectively, when a cut-off value was 
based 7600 according to ROC analysis. The 
difference may be due to the comparison of 
pregnant women with AA with various control 
groups. Control groups were different women 
who were determined according to an age-
matching method for limited dates in prior 
studies. However, the hemogram parameters of 
the same pregnant patient group were evaluated 
to avoid selection bias of the control patient 
group in the present study. 

Current literature on AA in pregnancy mostly has 
consisted of studies in tertiary referral hospitals. 
This retrospective study was conducted in a rural 
secondary hospital where mostly newly-
graduated attending physicians work. That city 
has the fourth-highest birth rate (3.15 birth per 
woman in 2019) among 81 cities in Turkey (12). 
The presence of only one state hospital in the city 
center and a high birth rate make physicians 
encounter pregnant women with presumed AA 
unavoidable. Relatively less clinical experience 
might cause a challenge in the diagnosis and 
management of pregnant patients in secondary 
hospitals. On the other hand, the absence of 
private obstetric clinics in small cities may 
provide an advantage in achieving the data of 

previous regular prenatal visits via the hospital 
software database. Development of a standard 
hospital software database may provide to 
compare hemogram parameters evaluated in 
different hospitals. 

This study has several limitations. Firstly, this is a 
retrospective study conducted in a single-center. 
Additionally, the number of patients is inadequate 
to draw strong conclusions. Multicenter clinical 
trials with a larger sample size should be 
conducted to confirm our results. 

CONCLUSION 

Hemogram parameters are not specific markers 
for AA but may play a role in diagnosis when they 
are combined with clinical and radiological 
evaluation. To the best of our knowledge, this 
study is the first to compare hemogram 
parameters at the time of diagnosis of AA with 
those in a previous prenatal visit in the same 
pregnant patient group in diagnosing AA. A 
significantly increased mean WBC, neutrophil 
count, median NLR, median PLR and a 
significantly decreased mean lymphocyte count 
compared to those in a prior prenatal visit may be 
useful when they are combined with clinical 
evaluation in the diagnosis of AA in pregnant 
women.  
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