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Abstract: Objective: The aim of this study is to assess the diagnostic value of the neutrophil-to-lymphocyte ratio
in the differential diagnosis of patients with vaginal bleeding related to ectopic pregnancy or miscarriage. Study
design. A retrospective analysis of case histories of patients with documented ectopic pregnancies or miscarriages
diagnosed by a combination of clinical examination, transvaginal ultrasonography, and human chorionic gonado-
tropin assay. Normal pregnant women were used as controls. The neutrophil-to-lymphocyte ratio was calculated in
the patients and controls. Results: The neutrophil-to-lymphocyte ratio was higher in patients with ectopic pregnan-
cies than in patients with normal pregnancies or patients with miscarriages (P<0.05). Although the neutrophil-
to-lymphocyte ratio in patients with miscarriages was higher than that in patients with normal pregnancies, the
difference was not statistically significant. For ectopic pregnancy, using 3.0 as a cutoff value, the sensitivity and
specificity of the neutrophil-to-lymphocyte ratio were 61%. For miscarriage, using 2.8 as a cutoff value, the sensitiv-
ity and specificity of neutrophil-to-lymphocyte ratio were 53%. Conclusions: In patients with vaginal bleeding related
to ectopic pregnancy or miscarriage, an increased neutrophil-to-lymphocyte ratio in the absence of infection may
be used as an early diagnostic marker for ectopic pregnancy. Miscarriage did not result in asignificant increase in
the neutrophil-to-lymphocyte ratio. Further studies performed in patients grouped by gestational age and rupture
status are needed to determine the diagnostic value of the neutrophil-to-lymphocyte ratio in patients suspected of
an ectopic pregnancy.
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Introduction

Vaginal bleeding is commonly experienced (20-
40%) by pregnant women in the first trimester
and is related especially to ectopic pregnancy
and miscarriage. The overall incidence of ecto-
pic pregnancy is approximately 2% of reported
pregnancies [1, 2]. Hemorrhage from ectopic
pregnancy has been shown to be the leading
cause of maternal mortality in the first trimes-
ter and accounts for 4-10% of all pregnancy-
related deaths [2]. Miscarriage is the most
common complication of early pregnancy and
occurs with decreasing frequency with increas-
ing gestational age. In the literature, its inci-
dence in clinical pregnancies varies from 8% to
20% during the first half of pregnancy [3].

Early pregnancy complications can be very
upsetting. Ectopic pregnancy and miscarriage

have an adverse effect on the quality of a wom-
an’s life. They can cause considerable distress
during the course of differential diagnosis and
management. In patients with early pregnancy
loss, there is a need to improve the reliability of
diagnostic tests to allow prompt commence-
ment of management options. These attempts
can reduce the psychological burden of early
pregnancy loss and the morbidity and mortality
associated with ectopic pregnancy [4].

Although transvaginal ultrasonography and
serum human chorionic gonadotropin (hCG)
assays after pelvic examination are generally
performed in the initial evaluation of patients
with early pregnancy bleeding, the differential
diagnosis of ectopic pregnancy and miscarriage
may be challenging and can take one to two
weeks. Several biomarkers have been studied
to date in an attempt to ease the prompt diag-
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Table 1. Selected demographic and clinical data of patients
with ectopic pregnancy, those with miscarriage, and those with

Materials and methods

normal pregnancy

A retrospective analysis of case

Normal Ectopic
pregnancy pregnancy
(n=153) (n=152)

Miscarriage

histories of patients with docu-
mented ectopic pregnancy or
(n=280) miscarriage and who were ad-

Age (y) 30.4+49 30.7+5.3
25.1+3.7 25.4+28
5.8 (4-12) 6.6 (4-9)

BMI (kg/m?)
Gestational age (wk)
Pregnancy history

Gravidity (number) 2 (1-8) 3(1-15)°
Parity 1(0-3)° 2 (0-6)
Abortion 0 (0-5) 1 (0-15)
Dilatation & Curettage 0(0-2) 0 (0-6)
Ectopic pregnancy 0(0-1) 1 (0-2)f
History of cigarette smoking 1(0.7%) 19 (12.5%)

History of intrauterine device use 0 (0%) 8 (5.3%)"

17 (21.3%)

mitted to our hospital from Ja-

29.3£ 1.3 nuary 2010 to December 2014
25.7+5.1 .

was carried out. The study pro-

7.5 (5-11y tocol was approved by the Hu-

man Research Ethics Committ-

3(1-8) ee of our university. The initial

1(0-5) diagnosis of ectopic pregnancy

0 (0-6) or miscarriage, including gesta-

0 (0-1) tional age, was made through a

0 (0-0) combination of clinical examina-

tion, transvaginal ultrasonogra-
phy, and hCG assay. All patients

0 (0%) suspected of having an ectopic

Data were presented as mean + SD, median (min-max) or percentage as appro-
priate. BMI, body mass index. 2P<0.05 vs. ectopic pregnancy and normal preg-
nancy. *9P<0.05 vs. normal pregnancy. *""P<0.05 vs. miscarriage and normal
pregnancy. ¢¢P<0.05 vs. miscarriage and ectopic pregnancy.

nosis of ectopic pregnancy [5-7]; However,
none of the studied biomarkers has been
deemed acceptable for clinical use. None of
these previous studies assessed the neutro-
phil-to-lymphocyte ratio (NLR)-calculated as
the neutrophil count divided by the lymphocyte
count-as a possible biomarker for the differen-
tial diagnosis of ectopic pregnancy and miscar-
riage, although there were many studies that
evaluated the clinical value of the NLR as a sen-
sitive marker of inflammation and a possible
prognostic indicator in several acute or chronic
disorders including preeclampsia, adnexal tor-
sion, Prognostic significance of the neutrophil
to lymphocyte ratio in patients with non-small
cell lung cancer, ovarian, or colorectal cancer
[8-13]. Buyukkaya et al. [14] showed that there
was a significant correlation between the NLR
and the criteria for metabolic syndrome and
inflammation. The NLR is also accepted as a
marker for general immune responses to vari-
ous stress stimuli [15]. We think that the NLR
may be helpful in the differential diagnosis of
ectopic pregnancy and miscarriage, because
the pathogenesis of both conditions involves
inflammatory and immunological processes.
The aim of the current study was to investigate
the value of the NLR as a differential diagnostic
indicator in patients with vaginal bleeding relat-
ed to ectopic pregnancy or miscarriage.
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pregnancy underwent a diag-
nostic laparoscopy. During the
study period, normal pregnant
women who attended the ante-
natal outpatient service and
matched for maternal age were used as con-
trols. Women in the first trimester of pregnancy
were included. The exclusion criteria were: (a)
the existence of other factors that may affect
the proportion of white blood cells or may affect
inflammation (smoking, fever, corticosteroids,
acetylsalicylic acid, impaired kidney and liver
functions, history of trauma, peritonitis, infec-
tion, pancreatitis, pelvic inflammatory disease,
cancer, leukocytosis (>12,000/uL), and leuko-
penia (<3500/uL); (b) the presence of an addi-
tional cardiovascular risk factor such as hyper-
tension, hyperlipidemia or coronary artery dis-
ease; (c) previously known diagnosis of diabe-
tes mellitus; and (d) evidence of an underlying
chronic inflammatory condition such as con-
nective tissue disease and inflammatory bowel
disease. The demographic, clinical, hematologi-
cal, and biochemical data were extracted from
the patients’ charts. The NLR was calculated in
patients and controls.

Data were presented as mean + SD, median
(min-max), or percentage. Correlations between
the NLR and the various study parameters
(except for history of cigarette smoking and
intrauterine device use) were analyzed with
Pearson or Spearman correlation tests as app-
ropriate. Comparisons of study parameters of
patients with ectopic pregnancy, miscarriage,
or normal pregnancy were performed with a
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Table 2. Selected hematological and biochemical data of pa-
tients with ectopic pregnancy, those with miscarriage, and those

with normal pregnancy

Normal

Ectopic

patients with miscarriage was
significantly higher than that of
patients with ectopic pregnancy
and that of patients with normal

pregnancy  pregnancy M;icirgg;ge pregnancy, and the mean gesta-

(n=153) (n =152) tional age of patients with ecto-

White blood cells (103/mL) 8.27 +2.18 9.91 + 3.66° 8.44 +2.05 pic pregnancy was also higher
Monocytes (103/mL) 0.47 +0.14 0.44+0.16 0.46 +0.14 than that of patients with nor-
Neutrophils (10/mL) ~ 5.65+1.88 7.35+3.60° 580+181  Mal pregnancy (P<0.05). The
Lymphocytes (103/mL) 211+ 0.53 1.87 +0.71° 1.99 + 0.61 mean gravidity of patients with

_ : ectopic pregnancy was signifi-
Eosinophils (103/mL) 0.11+0.09 0.10+0.11 0.12+0.10 cantly higher than that of pa-
Basophils (103/mL) 0.02+0.010 0.02+0.02 0.06+0.40 tients with normal pregnancy
Erythrocytes and that of patients with miscar-
Red blood cells 45+03  41+06° 45+09 fiage, and the mean gravidity of
Hemoglobin (g/dL) 13.0 £ 1.4¢ 11.6+1.8 125+ 1.5 patients with miscarriage was
Hematocrit 386+41 349+54¢ 37.3+3.8 also significantly higher than th-
Coagulation tests at of patients with normal preg-
Platelet (103/pL) 273.8+ 645 2711+ 75.2 2727 +71.2 nancy (P<0.05). The mean parity
Prothrombin time 129+13 128+13 13115 and history of cigarette smoking
APTT 302+37 282+39" 303+4.1 of patients with normal pregnan-
INR 10+ 01 11+01 11+01 cy were sign-ificantlyllower tha.n
Biochemical tests that of patients with ectopic
. pregnancy and that of patients

FBG (mg/dL) 90.6+18.2 110.6+44.21 973+ 16.5 with miscarriage (P<0.05); how-
BUN (mg/dL) 89+28 9.8+3.3 95+4.2 ever, there was no significant
Creatinine (mg/dL) 0.59+0.14 0.63+0.13* 0.58 +0.13 difference between patients wi-
ALT (U/L) 19.2+143 16.6+13.0 19.3+18.3 th ectopic pregnancy and pa-
AST (U/L) 19.1+£9.3 19.9+ 131 20.9+22.1 tients with miscarriage with re-

Data were presented as mean + SD. @bedenikp<(,05 vs. miscarriage and normal
pregnancy. *P<0.05 vs. miscarriage and ectopic pregnancy. 'P<0.05 vs. ectopic
pregnancy. INR, international normalized ratio; APTT, activated partial thrombo-
plastin time; FBG, fasting blood glucose; BUN, blood urea nitrogen; ALT, alanine

amino transferase; AST, aspartate aminotransferase.

one-way ANOVA with Tukey test, Kruskal-Wallis
ANOVA with Mann-Whitney test, or chi-square
test as appropriate. A p value of less than 0.05
was accepted as significant.

Results

In total, 385 pregnant women were included in
our study: 153 with a healthy pregnancy, 152
with an ectopic pregnancy, and 80 with miscar-
riage. Fourteen women were excluded based
on the aforementioned exclusion criteria or
because of incomplete data collection. The
clinical and biochemical characteristics of the
study groups are summarized in Tables 1 and
2. The mean ages and BMIs of patients with
normal pregnancy, those with ectopic pregnan-
¢y, and those with miscarriage were compara-
ble (P>0.05). The mean gestational age of
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gard to the parity and history
of cigarette smoking (P>0.05).
There were no significant differ-
ences between the normal preg-
nancy, ectopic pregnancy, and
miscarriage groups with regard
to abortion and dilatation and curettage
(P>0.05). The histories of ectopic pregnancy
and of intrauterine device use of patients with
ectopic pregnancy were significantly higher
than that of patients with normal pregnancy
and that of patients with miscarriage (P<0.05);
however, there were no significant differences
between patients with normal pregnancy and
patients with miscarriage with regard to histo-
ries of ectopic pregnancy and of intrauterine
device use (P>0.05).

The mean white blood cell count, neutrophil
count, fasting blood glucose level, and creati-
nine content of patients with ectopic pregnancy
was significantly higher than those of patients
with normal pregnancy and those of patients
with miscarriage (P<0.05). The mean lympho-
cyte, red blood cell and hematocrit count and
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Figure 1. Neutrophil-to-lymphocyte ratios of patients
with normal pregnancy (n = 153), those with ecto-
pic pregnancy (n = 152), and those with miscarriage
(n = 80). The horizontal lines and whiskers present
the median and interquartile range, respectively.
2P<0.05 vs. normal pregnancy and miscarriage.

activated partial thromboplastin time (APTT) of
patients with ectopic pregnancy were signifi-
cantly lower than those of patients with normal
pregnancy and those of patients with miscar-
riage (P<0.05); however, there was no signifi-
cant difference between patients with normal
pregnancy and patients with miscarriage with
regard to these variables (P>0.05). The mean
hemoglobin level of patients with normal preg-
nancy was significantly higher than that of
patients with ectopic pregnancy and that of
patients with miscarriage, and the mean hemo-
globin level of patients with miscarriage was
also significantly higher than that of patients
with ectopic pregnancy (P<0.05). The interna-
tional normalized ratio (INR) of patients with
normal pregnancy was significantly lower than
that of patients with ectopic pregnancy and
that of patients with miscarriage (P<0.05);
however, there was no significant difference
between patients with ectopic pregnancy and
patients with miscarriage with regard to this
variable (P>0.05). No significant differences
were found between the study groups with
regard to monocyte, eosinophil, basophil, and
platelet counts; prothrombin time; and blood
urea nitrogen, alanine amino transferase, and
aspartate amino transferase levels (P>0.05).

Within each of the ectopic pregnancy, miscar-
riage, and normal pregnancy groups, we ana-
lyzed the correlations between the NLR and the
clinical characteristics listed in Tables 1 and 2,
and there were no meaningful relationships
between the NLR and any of these variables
(P>0.05).

11330

Figure 1 presents the NLR of patients with
ectopic pregnancy, miscarriage, and normal
pregnancy. The mean NLR of patients with
ectopic pregnancy was significantly higher than
that of patients with normal pregnancy and that
of patients with miscarriage (P<0.05). Although
the mean NLR of patients with miscarriage was
higher than that of patients with normal preg-
nancy, the difference was not statistically sig-
nificant (P>0.05).

Figures 2 and 3 show the sensitivity and speci-
ficity of NLR of patients with ectopic pregnancy
and of patients with miscarriage, respectively.
For the ectopic pregnancy group, the sensitivity
and specificity of the NLR with 3.0 as a cutoff
value were 61%. For the miscarriage group, the
sensitivity and specificity of the NLR with 2.8 as
a cutoff value were 53%.

Discussion

In the current study, we assessed the diagnos-
tic value of the NLR in patients with ectopic
pregnancy and in patients with miscarriage.
This is the first study to investigate the value of
the NLR test in the differential diagnosis of
ectopic pregnancy and miscarriage. Overall,
although there were some differences between
the study groups with regard to the demogra-
phic, clinical, hematological, and biochemical
parameters, there were no meaningful effects
of these parameters on the NLRs in the study
groups. The mean NLR was higher in patients
with ectopic pregnancy compared to that in
patients with normal pregnancy; the mean NLR
in patients with miscarriage was also higher
than that of the normal pregnancy group, but
not as high as the mean NLR in patients with
ectopic pregnancy. Considering the sensitivity
and specificity, overall, the NLR has a moderate
diagnostic potential in patients with ectopic
pregnancy and miscarriage, although it was
lower in patients with miscarriage.

Lurie et al. [16] evaluated alterations in the leu-
kocyte count and leukocyte differential in a
large cohort of healthy women with an uncom-
plicated singleton pregnancy according to the
trimester of pregnancy. They found that the leu-
kocyte and neutrophil counts gradually and sig-
nificantly increased from the first to the third
trimester and that the lymphocyte count gradu-
ally decreased from the first to the second tri-
mester. Overall, according to their study, in the
first trimester, the neutrophil count was rela-
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Figure 2. Sensitivity and specificity of neutrophil-lymphocyte ratio (NLR) of
patients with ectopic pregnancy. The NLR with 3.0 as a cutoff value provided

8 9
NLR

a sensitivity and a specificity of 61%.
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Figure 3. Sensitivity and specificity of neutrophil-lymphocyte ratio (NLR) of
patients with miscarriage. The NLR with 2.8 as a cutoff value provided a

sensitivity and a specificity of 53%.
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tively low and the lymphocy-
te count was relatively high.
Turgut et al. [17] compared
changes in the mean platelet
volume and leukocyte count
in patients with ruptured tu-
bal ectopic pregnancy with
changes in those with unrup-
tured tubal ectopic pregnan-
cy. They found a statistically
significant increase in the leu-
kocyte count in patients with
ruptured tubal ectopic preg-
nancy. Belo et al. [18] evalu-
ated the serum C-reactive
protein level and the neutro-
phil activation state during
the three trimesters of normal
pregnancies. They found that
the leukocyte and neutrophil
counts increased, while the
lymphocyte count decreased,
during both the first and sec-
ond trimesters. The findings
of Nasu et al. [19] suggest
that the proportion of neutro-
phils increases but the pro-
portion of lymphocytes decr-
eases throughout pregnancy.
As mentioned above, there
are studies that investigated
the differential leukocyte co-
unts; however, there are no
studies on the NLR in com-
plicated or non-complicated
pregnancies in the first tri-
mester. Overall, in women wi-
th a first-trimester pregnancy,
the NLR may change some-
what compared to that in non-
pregnant women, but we think
that this difference does not
detract from the diagnostic
value of the NLR in the differ-
ential diagnosis of ectopic
pregnancy and miscarriage.

There are some limitations to
this study. Cause and effect
could not be established be-
cause this study was a retro-
spective analysis. Some limi-
tations relate to the nature of
ectopic pregnancy, which can
be intact or not intact because
of a tubal abortion or a recent

Int J Clin Exp Med 2016;9(6):11327-11333
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(within a few weeks) rupture. It is not easy to
make a differential diagnosis on the basis of
clinical presentation. As regards limitations
related to miscarriage, patients can present
with vaginal bleeding a few weeks after the
death of the embryo or fetus. In both patients
with ectopic pregnancy and those with miscar-
riage, it may be difficult to determine the actual
gestational age.

An important goal in the evaluation of women
with bleeding in early pregnancy is to exclude
the possibility of ectopic pregnancy, because
ruptured ectopic pregnancy can result in severe
hemorrhage and death. Although the power of
the NLR for detecting active ectopic pregnancy
is suboptimal according to our findings, the NLR
could be an important measure of systemic
inflammation, as it is cost-effective, readily
available as a noninvasive marker, and easily
calculated. We found that the NLR is not useful
as a diagnostic marker for miscarriage. Further
work is needed to determine the clinical appli-
cability of the NLR as a diagnostic tool to dif-
ferentiate between ectopic pregnancy and mis-
carriage in women with vaginal bleeding.

Conclusions

Ectopic pregnancy is more common in women
with a markedly increased NLR. The NLR with a
standardized threshold level has potential as a
valuable part of the diagnostic workup to
assess the risk of ectopic preghancy in women
without infection, though confirmation from fur-
ther studies is needed. Miscarriage may not
result in an increase in the NLR.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Savas Karakus,
Department of Obstetrics and Gynecology, Cum-
huriyet University School of Medicine, Sivas 58140,
Turkey. Tel: +346 258000; Fax: +346 2580593;
E-mail: karakussavas@yahoo.com.tr

References

[1] Belics Z, Gérecz B, Csakany MG. Early diagno-
sis of ectopic pregnancy. Orv Hetil 2014; 155:
1158-1166.

[2] Fylstra DL. Tubal pregnancy: a review of cur-
rent diagnosis and treatment. Obstet Gynecol
Surv 1998; 53: 320-328.

11332

[3] Norwitz ER. Overview of the etiology and evalu-
ation of vaginal bleeding in pregnant women.
In: UpToDate, Post TW, editors. Waltham, MA:
UpToDate; 2014.

[4] Tulandi T. Spontaneous abortion: Risk factors,
etiology, clinical manifestations, and diagnos-
tic evaluation. In: UpToDate, Post TW editors.
Waltham, MA: UpToDate; 2014.

[5] Rausch ME, Sammel MD, Takacs P, Chung K,
Shaunik A, Barnhart KT. Development of a
multiple marker test for ectopic pregnancy.
Obstet Gynecol 2011; 117: 573-582.

[6] DaponteA, Pournaras S, Zintzaras E, Kallitsaris
A, Lialios G, Maniatis AN, Messinis IE. The val-
ue of a single combined measurement of
VEGF, glycodelin, progesterone, PAPP-A, HPL
and LIF for differentiating between ectopic
and abnormal intrauterine pregnancy. Hum
Reproduct 2005; 20: 3163-3166.

[71 Shaw JL, Diamandis EP, Horne A, Barnhart K,
Bourne T, Messinis IE. Ectopic pregnancy. Clin
Chem 2012; 58: 1278-1285.

[8] Proctor MJ, Morrison DS, Talwar D, Balmer SM,
Fletcher CD, O’Reilly DS, Foulis AK, Horgan PG,
McMillan DC. A comparison of inflammation-
based prognostic scores in patients with can-
cer. A Glasgow Inflammation Outcome Study.
Eur J Cancer 2011, 47: 2633-2641.

[9] de Jager CP, van Wijk PT, Mathoera RB, de
Jongh-Leuvenink J, van der Poll T, Wever PC.
Lymphocytopenia and neutrophil-lymphocyte
count ratio predict bacteremia better than con-
ventional infection markers in an emergency
care unit. Crit Care 2010; 14: 92.

[10] Dan J, Zhang, Peng Z, Huang J, Gao H, Xu L,
Chen M. Postoperative neutrophil-to-lympho-
cyte ratio change predicts survival of patients
with small hepatocellular carcinoma undergo-
ing radiofrequency ablation. PLoS One 2013;
8:e58184.

[11] Pichler M, Hutterer GC, Stoeckigt C, Chromecki
TF, Stojakovic T, Golbeck S, Eberhard K, Gerger
A, Mannweiler S, Pummer K, Zigeuner R.
Validation of the pre-treatment neutrophil-lym-
phocyte ratio as a prognostic factor in a large
European cohort of renal cell carcinoma pa-
tients. Br J Cancer 2013; 108: 901-907.

[12] Ercan O, Kosti B, Bakacak M, Coskun B,
Tohma A, Mavigok E. Neutrophil to Lymphocyte
ratio in the diagnosis of adnexal torsion. Int J
Clin Exp Med 2015; 8: 16095-16100.

[13] Peng B, Wang YH, Liu YM, Ma LX. Prognostic
significance of the neutrophil to lymphocyte ra-
tio in patients with non-small cell lung cancer:
a systemic review and meta-analysis. Int J Clin
Exp Med 2015; 8: 3098-3106.

[14] Buyukkaya E, Karakas MF, Karakas E, Akcay
AB, Tanboga IH, Kurt M, Sen N. Correlation of
neutrophil to lymphocyte ratio with the pres-

Int J Clin Exp Med 2016;9(6):11327-11333


mailto:karakussavas@yahoo.com.tr

[15]

(16]

[17]

NLR in ectopic pregnancy and miscarriage

ence and severity of metabolic syndrome. Clin
Appl Thromb Hemost 2014; 20: 159-163.
Zahorec R. Ratio of neutrophil to lymphocyte
counts--rapid and simple parameter of system-
ic inflammation and stress in critically ill.
Bratisl Lek Listy 2001; 102: 5-14.

Lurie S, Rahamim E, Piper |, Golan A, Sadan O.
Total and differential leukocyte counts percen-
tiles in normal pregnancy. Eur J Obstet Gynecol
Reprod Biol 2008; 136: 16-19.

Turgut A, Sak ME, Ozler A, Soydin¢ HE, Karagor
T, Gul T. Alteration of peripheral blood cells in
tubal ectopic pregnancy. Ginekol Pol 2013; 84:
193-196.

11333

(18]

(19]

Belo L, Santos-Silva A, Rocha S, Caslake M,
Cooney J, Pereira-Leite L, Quintanilha A, Rebelo
I. Fluctuations in C-reactive protein concentra-
tion and neutrophil activation during normal
human pregnancy. Eur J Obstet Gynecol Re-
prod Biol 2005; 123: 46-51.

Nasu M, Fujiyasu S, Iwatani Y, Amino N,
Tanizawa O, Miyai K. Changes of differential
leukocyte counts during pregnancy and in the
postpartum period. Rinsho Byori 1992; 40:
1292-1296.

Int J Clin Exp Med 2016;9(6):11327-11333



