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ABSTRACT

BACKGROUND: Acute appendicitis (AA) is the most common emergency surgical condition during pregnancy after obstetric and
gynecological pathologies. Urgent and accurate diagnosis of AA in pregnant patients reduces maternal and fetal morbidity/mortality
rates. This study evaluated the significance of hemogram to diagnose AA during pregnancy.

METHODS: Forty-seven pregnant patients operated for AA in the Ordu or Ondokuz Mayis University Medical School Hospitals
between January 2007 and December 2017 were compared with 47 healthy pregnant women in terms of hemogram parameters, in-
cluding the white blood cell (WBC) count, neutrophil count, lymphocyte count, platelet count, neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), mean platelet volume (MPV), and red cell distribution width (RDW) values. The operated group
was evaluated based on post-operative pathologic results and subclassified into appendicitis positive (Group A) and appendicitis nega-
tive (Group B) groups. The subgroups were compared to the control group.

RESULTS: The WBC and neutrophil count and mean NLR and PLR values were significantly higher in Group A compared to Group B
and the control group (p<0.001). The mean lymphocyte count was significantly lower in Group A compared to other groups (p<0.001).
The MPV and RDWYV values and mean platelet count showed no significant difference between groups (p>0.05). When cutoff values
for WBC, neutrophil count, NLR, PLR, and lymphocyte counts were set to >10300, >7950, >5.50, >155.2, and <1330, respectively,
the sensitivity rates were 72.5%, 80%, 90%, 77.5% and 85%, whereas specificity rates were 72.3%, 79.7%, 89.4%, 74.5%, and 82.5%,

respectively.

CONCLUSION: When comparing pregnant women diagnosed with AA to patients operated for suspected AA and healthy pregnant
women, the WBC and neutrophil count and NLR and PLR values were found to be significantly higher, whereas lymphocyte counts
were lower. In addition to medical history, physical examination and imaging techniques, hemogram parameters should be considered
to diagnose AA in pregnant women.
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INTRODUCTION indications for emergency surgery during pregnancy after

obstetric and gynecological pathologies. The incidence of
Acute appendicitis (AA) is the most common surgical pathol- AA is | in 500-2000 pregnant women.3! AA occurs mostly
ogy diagnosed in patients admitted to emergency depart- during the second trimester, although it can be seen at any

ments with abdominal pain.['! AA is among the most common  time during pregnancy.f! The urgent and accurate diagnosis
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of AA is essential for preventing potential complications for
the mother and/or fetus. Symptoms including nausea, vom-
iting, and anorexia are usually seen in the early period of
pregnancy and also in AA; therefore, the diagnosis of this
condition is challenging for clinicians. Physiological increases
in the leucocyte count and C-reactive protein (CRP) levels
may be observed during pregnancy. Tomography is avoided in
pregnant women to protect the fetus from ionized radiation.
The preferred imaging techniques are ultrasonography and/
or magnetic resonance imaging.¢! Considering these factors,
diagnosing AA during pregnancy can be challenging for physi-
cians, and therefore, the diagnosis can be delayed.

Hemogram parameters including the white blood cell (WBC)
count, neutrophil count, lymphocyte count, neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
and mean platelet volume (MPV) are inflammatory markers.
The changing levels of these parameters are measured in sev-
eral inflammatory pathologies./”

It is extremely important to diagnose suspected AA early in
pregnant women and to avoid unnecessary surgery. The aim
of this study is to determine the hemogram parameters, which
are readily available and are evaluated in emergency conditions
as a diagnostic tool in diagnosis of AA during pregnancy.

MATERIALS AND METHODS

The study included 47 pregnant patients who were operated
for suspected AA and 47 healthy pregnant women between
January 2007 and December 2017 at Medical School Hospi-
tals of the Ordu or Ondokuz Mayis University. The hemogram
parameters including the WBC, neutrophil count, lympho-
cyte count, platelet count, NLR, PLR, MPV, and red cell dis-
tribution width (RDW) values were retrospectively examined
from the medical records of the patients. The post-operative
pathological results of appendix specimens were also inves-
tigated. All patients with a final pathological evaluation re-
ported as acute focal appendicitis, acute suppurated appen-
dicitis, acute perforated appendicitis, and acute gangrenous
appendicitis were included in the AA group (Group A),
whereas patients with a normal histopathology were included
in the non-appendicitis group (Group B). Forty-seven healthy
pregnant women who were under routine pregnancy follow-
up during the same period at the obstetrics clinics of the
same hospitals were included as the control group. Exclusion
criteria were the presence of hematological diseases, chronic
renal failure, chronic liver disease, chronic obstructive lung
disease, asthma, autoimmune diseases, cancer, rheumatoid
arthritis, bacterial, viral or parasitic infection, immune defi-
ciency, alcohol or tobacco use, and missing records. The age,
gestational age, time to diagnosis, length of hospitalization,
type of surgical incision, WBC, neutrophil, lymphocyte, and
platelet count, and the NLR, PLR, MPV, and RDW values for
each patient were recorded. The study was approved by the
Ethics Committee of the Ordu University.
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All tests were performed on blood samples obtained via ve-
nous system and collected into ethylene diamine tetra acetic
acid tubes. Hemograms that were taken within 24 hours
prior to surgery were accepted for the AA group. The WBC,
neutrophil, platelet, and lymphocyte counts, and the MPV
and RDWV values were analyzed via hemogram samples. The
NLR and PLR values were calculated by dividing neutrophil
and platelet counts to lymphocyte count. Hematological pa-
rameters were measured by an automated hematology ana-
lyzer (Abbott Cell-Dyn 3700 Hematology Analyzer, Abbott
Diagnostics, USA). The upper limits of the reference inter-
vals were as follows: leukocyte counts (WBC); 4600—10200
/uL, platelet; 142—424 x 103/uL; neutrophil; 2—6.9 x 103/uL;
lymphocyte; 0.6-3.4 x 103/uL, MPV; 0-99.9fL; and RDW;
0%—16.2%.

Statistical Analysis

Statistical analysis was performed using the SPSS 22.0 soft-
ware (IBM Corporation, Armonk, NY, USA). The Shapiro—
Wilk test was used to determine the compliance of data
to a normal distribution, and the Levene test was used to
determine the homogeneity of variances among the groups.
The independent samples T test with bootstrap results
was used to compare two independent groups, whereas
the Mann—-Whitney U test was used with the Monte Carlo
simulation technique. One-way analysis of variance (robust
test: Browne—Forsythe) was used together with bootstrap
results to compare more than two groups with other groups.
The Kruskal-Wallis H test, least significant differences, and
Games—Howell tests were used for post-hoc analysis. The
correlation between classification of the patient groups sep-
arated by cutoff values was calculated according to the vari-
ables, and real classification was expressed by examination of
sensitivity and specificity using the receiver operating charac-
teristic (ROC) curve analysis. Quantitative data are expressed
as the meantstandard deviation, median-interquartile range,
or median and range (maximum—minimum). Categorical data
are expressed as n (number) or percentage (%) and analyzed
by Fisher’s exact test.

RESULTS

All the patients who underwent surgery were divided into
two groups based on their pathology results; Group A con-
sisted of 40 patients (85.1%) with AA and Group B with 7
(14.9%) patients without appendicitis. There was no signifi-
cant difference between groups in terms of age, time period
of admission to diagnosis, or the length of post-operative hos-
pitalization (p>0.05). Of 40 patients in Group A, 16 (40%), 20
(50%), and 4 (10%) were in the |, 2", and 3" trimester of
pregnancy, respectively, whereas in Group B, 4 (57.1%) and 3
(42.9%) were in the 1**and 2" trimester of pregnancy, respec-
tively. The control group consisted of 15 (31.9%), 17 (36.1%),
and 15 (31.9%) subjects in the I, 2", and 3" trimester of
pregnancy, respectively. No significant difference was found
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between Group A and Group B for gestational age (p>0.05).
Laparotomy was performed in all patients using McBurney’s
or right paramedian incisions. In pregnant women diagnosed
with AA, McBurney’s incision was mostly preferred (78.7%).
Paramedian incision was preferred in patients with older ges-
tational age. The mean post-operative length of hospitaliza-
tion was 4.18+3.09 days in Group A and 3.57£1.39 days in
Group B, and no significant difference was found between
the groups in terms of length of hospitalization (p>0.05). A
significantly higher WBC and neutrophil counts and the mean
NLR and PLR values were detected in Group A compared to

Group B and the control group (p<0.001). The mean lympho-
cyte count was significantly lower in Group A compared to
other groups (p<0.001). There was no significant difference
between groups in terms of the mean MPV and RDW values
and platelet count (p>0.05) (Table I).

The ROC curve analysis was performed to evaluate the pre-
dictive ability of hemogram parameters to diagnose AA in
pregnant women. Sensitivity, specificity, and accuracy rate
values for hemogram parameters were estimated based on
cutoff values determined by ROC analyses (Table 2).

Table I. Comparison of groups for age, gestational age, time to diagnosis with symptoms, surgical incision, and hemogram parameters
Group A (n=40) Group B (n=7) Control Group (n=47) p

Age 27.0+5.55 25.14+5.08 29.74+£6.13 0.36
Gestational age (weeks) 16.88+7.72 13.0+4.89 21.60+9.77 0.009
Time to diagnosis with symptoms (hours) 23.28+21.20 12.0£7.97 - 0.175
Surgical incision type

Paramedian 20% (n=8) 28.57% (n=2) - 0.630

McBurney 80% (n=32) 71.42 (n=5) =
Post-operative hospital stay (days) 4.18+3.09 3.57£1.39 - 0617
White blood cells (K/uL)" 12886+4785* 13194+3520* 9063+1869° <0.001
Mean platelet volume® (fL) 8.03%1.22 7.56+1.27 7.51+0.90 0.07
Red cell distribution width™ (%) 14.83+2.18 14.78+1.26 14.23+1.26 0.255
Neutrophil count (K/pL)* 11198+4624* 10967+3550* 65611616 <0.001
Lymphocyte count (K/pL)* 1093+442° 1415+413° 1845+641* <0.001
Neutrophil-to-lymphocyte ratio™ 12.10 (2.28-37.10)* 7.70 (3.40—13.60)° 3.57 (1.22-28.90)c <0.001
Platelet-to-lymphocyte ratio™ 218.91 (93.10-735.13)* 190.80 (93.10-289.60)** 130.30 (58.65—429.03)>  <0.001
Platelet count (K/pL)* 229125+74976 261000+74446 238276+67148 0.528

*b<|ndicate inter-group differences within the row

Mann-Whitney U test (Monte Carlo)—one-way analysis of variance (Browne—Forsythe)—(Bootstrap)

Post-hoc test: least significant difference—Games—Howell
Kruskal-Wallis test

Post-hoc test (Monte Carlo): nonparametric post-hoc test (Miller; 1966)
"Meanzstandard deviation; “Median; (range, maximum-minimum).

Table 2. Sensitivity and specificity rates for hemogram parameters based on cut-off values in pregnant women diagnosed with AA
Hemogram parameters Sensitivity Specificity Accuracy rate AUCESE
(cut-off values) (%) (%) (%)
White blood cells (K/mL) >10300 72.5 723 724 0.815+0.046
Mean platelet volume >7.65 62.5 60.6 60.9 0.648+0.063
Red cell distribution width >14.2 57.5 532 55.1 0.552+0.063
Neutrophil count (K/mL) >7950 80.0 79.7 81.6 0.880+0.038
Lymphocyte count (K/mL) <1330 85 82.5 85.0 0.864+0.042
Platelet count (K/mL) >225000 574 47.5 50.5 0.536+0.063
Neutrophil-to-lymphocyte ratio >5.50 90.0 89.4 90.8 0.920+0.034
Platelet-to-lymphocyte ratio >155.20 77.5 74.5 758 0.795+0.050

ROC curve analysis (Youden index | —Honley and McNell). AA: Acute appendicitis; AUC: Area under the receiver operating characteristic curve, SE: Standard error.
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To predict AA, the sensitivity and specificity values for var-
ious hemogram parameters at set cutoff values were as fol-
lows: for WBC; 72.5% sensitivity and 72.3% specificity at
cutoff >10300 cells/mL, for neutrophil count; 80% sensitivity
and 79.7% specificity at cutoff >7950 cells/ mL, for lympho-
cyte count; <1330 cells/mL had 85% sensitivity and 82.5%
specificity, for NLR; 90% sensitivity and 89.4% specificity at
cutoff >5.50, for PLR; 77.5% sensitivity and 74.5% specificity
at cutoff >155.2, for platelet count; 57.4% sensitivity and
47.5% specificity at cutoff >225000 cells/mL; for RDW, 57.5%
sensitivity and 53.2% specificity at cutoff >14.2; and for MPV;
62.5% sensitivity and 60.6% specificity at cutoff >7.65.

DISCUSSION

Diagnosis of AA in pregnant patients is more difficult com-
pared to non-pregnant patients due to anatomical and physi-
ological changes in pregnancy. Physiological features of preg-
nancy such as anorexia, nausea, and vomiting can mask AA
symptoms. Uterus enlargement and reduced tonus of abdom-
inal muscles causes uterus growing into the abdomen and the
appendix displacement as well.®! The utilization of radiologi-
cal imaging techniques is limited in pregnant patients for the
goal of fetus protection. Therefore, it is difficult to diagnose
AA by history and physical examination. Delay in diagnosis
increases the risk of appendix perforation. Perforation leads
to peritonitis and sepsis, which causes increased mortality
and morbidity rates for the mother and baby.>'% Babaknia
et al.l'' have reported that the rate of fetal loss was 1.5% in
non-perforated and 35.7% in perforated AA patients. The in-
cidence of perforated appendicitis during pregnancy depends
on the time between the onset of symptoms and surgical
intervention, and the risk for perforation is increased by over
20 hours.!'? It is extremely important to confirm early diag-
nosis in pregnant patients with suspected AA. Although diag-
nosis should be confirmed urgently, negative appendectomy
should be avoided as well. Negative appendectomy rates dur-
ing pregnancy have been reported to range between 3% and
23%.0'*'"1 The rate of negative appendectomy was 14.9% in
our study.

Hemogram is a readily available and valuable test, and it plays
an essential role in diagnosis of AA. Among the hemogram
parameters, the WBC, neutrophil, and lymphocyte counts
and NLR, PLR, and MPV act as inflammatory markers. The
predictive value of these markers for AA is currently becom-
ing more promising.>'>!¥! Leucocytosis is commonly observed
in patients with AA. In our study, the WBC count of pregnant
AA patients was found to be 1288614785 mm’, and there
was a significant difference compared to healthy pregnant
women (p<0.001). Estimated sensitivity and specificity values
for WBC with a cutoff value >10300 were 72.5% and 72.3%,
respectively. Despite the mentioned sensitivity and specificity
rates, the WBC count can increase up to 18.000-30.000 mm?
at a period closer to delivery.®! Therefore, the WBC count
alone may be used as a specific predictor of AA during preg-
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nancy. WBC should be used in combination with parameters
such as the neutrophil and lymphocyte counts and NLR and
PLR with higher sensitivity and specificity values.P!

In several inflammatory diseases, regular response of circulat-
ing leukocytes is an increased level of neutrophil and reduced
level of lymphocyte counts.l'] AA is an inflammatory disease;
therefore, a high neutrophil count and low lymphocyte count
should be expected. Thus, in our study, the mean neutrophil
count was higher and mean lymphocyte count was lower in
the appendicitis group compared to other groups (p<0.001).
Based on cutoff values, neutrophil and lymphocyte counts
showed 80% and 85% sensitivity and 79.7% and 82.5% speci-
ficity, respectively. In the study by Yazar et al.! high neu-
trophil and low lymphocyte values were found in pregnant
patients with appendicitis. Recently, several studies suggested
that an increased NLR or PLR could be better predictors of
AA compared to CRP, WBC, or the neutrophil count alone.
518191 A recent study by Yazar et al.l*! including 28 pregnant
women with AA found 78.6% and 100% sensitivity and 80%
and 42.9% specificity, based on cutoff values for NLR and
PLR, respectively. Additionally, they have reported accurate
diagnosis of AA with a 90.5% rate when NLR and PLR were
combined with the WBC count, CRP level, and lymphocyte
count. Similarly to previous studies, our study showed that
NLR and PLR, based on cutoff values, have 90% and 77.5%
sensitivity and 89.4% and 74.5% specificity, respectively.
Among the hemogram parameters, a higher sensitivity and
specificity were observed for NLR in terms of AA diagnosis
in pregnant women.

MPV is the most common marker for the production and
functional status of platelet, and it reflects inflammatory bur-
den. There are several studies that indicate that MPV values
are useful in diagnosing AA. Narci et al.?®! have suggested that
high MPV values can be used for the diagnosis of AA. In an-
other study, Albayrak et al.'! found a significantly lower MPV
level in patients with AA compared to the control group. Sim-
ilarly, no difference was found between the groups in a study
by Yazici et al.,’! which compared platelet counts in pregnant
women. However, in our study, there was no significant dif-
ference in MPV values between pregnant women diagnosed
with AA and the control group (p>0.05). The predictive value
of RDWV has been evaluated in several studies among patients
with appendicitis; however these studies have concluded with
controversial results.?> To the best of our knowledge, ours
is the first study to evaluate a predictive value of RDW levels
to diagnose AA during pregnancy. We could not demonstrate
a significant predictive value of RDW in our study.

Conclusion

In pregnant patients with suspected AA, a more urgent and
accurate diagnosis can be achieved using the WBC, neu-
trophil, and lymphocyte counts and NLR and PLR values in
combination with medical history, physical examination, and
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imaging techniques. As a result, maternal and fetal morbidity/
mortality rates can be reduced and negative laparotomy rates
can be minimized. Our results can contribute to the limited
literature available on AA in pregnant women.

Limitation of the study: Retrospective design based on analy-
ses of patient records and a relatively small sample size.

Conflict of interest: None declared.
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Gebelikte hemogramin akut apandisit tanisindaki 6nemi

Dr. Hamza Ginar, Dr. Ali Aygun,? Dr. Murat Derebey,? Dr. ismail Alper Tarim,*
Dr. Gagn Akalin,” Dr. Sercan Biiyiikakincak,® Dr. Kenan Erzurumlu*

'Ordu Universitesi Tip Fakiiltesi, Genel Cerrahi Anabilim Dali, Ordu

20rdu Universitesi Tip Fakaiiltesi, Acil Tip Anabilim Dali, Ordu

3Tatvan Devlet Hastanesi, Genel Cerrahi Klinigi, Bitlis

4Ondokuz Mayis Universitesi Tip Fakiiltesi, Genel Cerrahi Anabilim Dali, Samsun
SAkcaabat Hagkall Baba Devlet Hastanesi, Genel Cerrahi Klinigi, Trabzon

AMAC: Akut apandisit (AA) gebelik doneminde obstetrik ve jinekolojik patolojilerden sonra en sik acil cerrahi gerektiren durumdur. Gebe hasta-
larda AA tanisinin hizli ve dogru konulmasi maternal ve fetal morbite/mortalite oranlarini azaltir. Bu galisma, hemogramin gebelik doneminde AA
tanisi koymadaki dnemini irdelemektedir.

GEREC VE YONTEM: Ordu veya Ondokuz Mayis Universitesi Tip Fakiiltesi Hastanesi’nde Ocak 2007-Aralik 2017 yillari arasinda AA nedeniyle
ameliyat edilen 47 gebe hasta ile 47 saglikli gebe hastanin hemogram parametrelerinden beyaz kan hiicresi (WBC) sayisi, nétrofil sayisi, lenfosit
sayisi, platelet sayisi, notrofil/lenfosit orani (NLO), platelet/lenfosit orani (PLO), mean platelet volim (MPV) ve kirmizi hiicre dagitm genisligi
(RDW) degerleri kiyaslandi. Ameliyat edilen hastalar, patoloji sonucu apandisit olanlar Grup A normal olanlar ise Grup B olarak ikiye ayrildi ve
kontrol grubu ile kiyasland.

BULGULAR: Grup A hastalarinin WBC sayisi, notrofil sayisi, ortalama NLO ve PLO degerleri Grup B ve kontrol hastalarindan anlamli olarak yiiksek
tespit edildi (p<0.001). Lenfosit sayisi ortalamasinin Grup A hastalarinda diger gruplardan anlamli olarak disiik oldugu goriildi (p<0.001). MPV,
RDW ve ortalama platelet sayisi agisindan gruplar arasinda anlamli bir farklilik yoktu (p>0.05). WBC sayisi, nétrofil sayisi, NLO, PLO ve lenfosit
sayisi igin kestirim degerleri sirasiyla >10300, >7950, >5.50, >155.2 ve <1330 olarak alindiginda sensivite oranlari sirasiyla %72.5, %80, %90, %77.5
ve %85 olarak gozlenirken spesifite oranlari ise sirasiyla %72.3, %79.7, %89.4, %74.5 ve %82.5 olarak tespit edildi.

TARTISMA: Akut apandisit tanisi olan gebe kadinlarda WBC sayisi, nétrofil sayisi, NLO ve PLO degerleri kontrol grubu ve apandisit stiphesi nede-
niyle ameliyat edilen hastalardan istatistiksel olarak anlamli olacak sekilde ylksek bulunurken lenfosit sayisi ise dustik bulunmustur. Gebe kadinlarda
AA tanisi koymak igin anamnez, fizik muayene ve goriintiileme yontemleri ile birlikte hemogram parametreleride géz 6niinde bulundurulmalidir.
Anahtar sézclikler: Apandisit; gebelik; hemogram; lenfosit; notrofil; teshis.
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