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Prenatal diagnosis of fetal urinary 
system anomalies

Ezgi Hürcan, Alper Biler, Atalay Ekin, Gökhan Tosun, Cüneyt Eftal Taner 
Gynecology and Obstetrics Clinic, Tepecik Training and Research Hospital, Izmir, Turkey

Özet: Fetal üriner sistem anomalilerinin prenatal
tan›s›
Amaç: Çal›flman›n amac› fetal üriner sistem anomalisi saptanan
olgulara efllik eden yap›sal ve kromozomal anomalileri belirlemek-
tir. 

Yöntem: 2010–2015 y›llar› aras›nda klini¤imizde fetal üriner sis-
tem anomali tan›s› alan gebeler çal›flmaya dahil edildi. Gebeliklere
ait yafl, gebelik haftas›, gravida, parite, abortus say›s›, anomalinin
tipi, efllik eden anomali varl›¤›, prenatal tan› yöntemi ve fetal kar-
yotip sonucu kay›t edildi. Üriner sistem anomalileri renal agenezi,
piyelektazi, multikistik displastik böbrek, polikistik böbrek ve me-
gasistis olarak alt gruplara ayr›ld›. 

Bulgular: En s›k görülen fetal üriner sistem anomalisi piyelektazi
idi. Efllik eden di¤er anomaliler incelendi¤inde 17 (%28.3) gebe ile
santral sinir sistemi anomalisi en fazla karfl›lafl›lan anomaliydi. Ek
anomalilerle ile en s›k birliktelik gösteren üriner sistem anomalile-
ri; ünilateral piyelektazi (%91.7), ünilateral renal agenezi (%75),
bilateral multikistik displastik böbrek (%66.7) ve bilateral piyelek-
tazi idi (%62.5). Befl (%8.3) olguda anhidramniyos geliflti. Karyo-
tip sonuçlar› de¤erlendirildi¤inde bir (%1.7) olguda triploidi ve 16
(%26.6) olguda trizomi mevcuttu. Karyotipi trizomi olan olgula-
r›n 3’ü (%17.6) izole üriner sistem anomalisine sahipti ve di¤er 14
(%82.4) hastada ek anomali mevcuttu. Karyotip sonucu normal ve
trizomi olan olgular ile ek anomali aras›ndaki fark istatistiksel ola-
rak anlaml›yd› (p=0.040). 

Sonuç: Prenatal dönemde tan› alan fetal üriner sistem anomalili
gebeliklerin yönetiminde efllik eden yap›sal ve kromozomal ano-
malilerin belirlenmesi gereklidir. 

Anahtar sözcükler: Fetal üriner sistem anomalisi, karyotip, piyelek-
tazi, trizomi.
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Abstract

Objective: The aim of this study is to determine concurrent struc-
tural and chromosomal anomalies in the cases found to have fetal
urinary system anomaly. 

Methods: The pregnant women established with the diagnosis of
fetal urinary system anomaly in our clinic between 2010 and 2015
were included in the study. Age, week of gestation, gravida, parity,
number of abortion, anomaly type, presence of concurrent anomaly,
prenatal diagnosis method and fetal karyotype results of the preg-
nant women were recorded. Urinary system anomalies were catego-
rized in sub-groups which were renal agenesis, pyelectasis, multicys-
tic dysplastic kidney, polycystic kidney and megacystis.

Results: Pyelectasis was the most common fetal urinary system
anomaly. In terms of other concurrent anomalies, the central nerv-
ous system anomaly was the most common anomaly seen in 17
(28.3%) pregnant women. The most common concurrent urinary
system anomalies seen with additional anomalies were unilateral
pyelectasis (91.7%), unilateral renal agenesis (75%), bilateral multi-
cystic dysplastic kidney (66.7%), and bilateral pyelectasis (62.5%).
Anhydramnios developed in 5 (8.3%) cases. When karyotype results
were assessed, it was seen that one (1.7%) case had triploidy, and 16
(26.6%) cases had trisomy. Of the cases with trisomy as karyotype, 3
(17.6%) had isolated urinary system anomaly and other 14 (82.4%)
had additional anomaly. The difference between the cases whose
karyotype results were normal, and trisomy and the cases with addi-
tional anomaly was statistically significant (p=0.040). 

Conclusion: The concurrent structural and chromosomal anom-
alies should be determined in the management of pregnancies with
fetal urinary system anomaly diagnosed during prenatal period. 

Keywords: Fetal urinary system anomaly, karyotype, pyelectasis,
trisomy.



Introduction
Congenital urinary system anomalies include various lev-
els of structural and functional malformations such as
kidney, collecting ducts, bladder and urethra, and its inci-
dence is approximately between 0.3 and 1.6 per 1000
births.[1] They consist of 15–20% of all anomalies during
prenatal period.[2]

Many structures forming the fetal urinary system
develop between 10 and 20 weeks of gestation, and most
of these anomalies can be diagnosed by ultrasonography
during this period. The most common urinary system
anomalies are obstructive pathologies. However, they
contain a wide spectrum between mild asymptomatic
malformations and severe pathologies with high mortal-
ity.[3,4]

The common findings of urinary system anomalies
during antenatal period are oligohydramnios, and the
distinct changes in kidney, ureter or bladder morpholo-
gy. While some of the forms are seen together with the
syndromes accompanied by multi-organ anomalies,
most of the cases are non-syndromic.[5] Although it has
been shown in sporadic cases and some animal models
that some genes play a role in the developmental defects
of urinary system, it is still controversial for determining
which has the main role. Multiple genes play a role in the
development of urinary system pathologies as in many
congenital anomalies. Environmental factors also affect
the development of embryo and fetus.

Urinary system anomalies may affect not only the
current system but also other fetal functions. For exam-
ple, some anomalies in this group may lead to oligohy-
dramnios and therefore fetal pulmonary hypoplasia and
extremity contractures. While most of the urinary system
anomalies are progressive, functional reversion can be
possible by treatment methods carried out during
intrauterine or postnatal period.[6] Therefore, the prenatal
diagnosis of urinary system anomalies has a significant
role on planning the timing, location and type of delivery.

In our study, we aimed to assess the frequency of
chromosomal anomaly in cases found to have urinary
system anomaly, its association with other system anom-
alies, and their impacts on karyotype results. 

Methods
In this study, we retrospectively evaluated 60 cases which
were found to have fetal urinary system anomaly during

fetal anomaly screening and routine obstetric ultrasound
examination and underwent karyotyping for prenatal
diagnosis at the Gynecology and Obstetrics Clinic of
Tepecik Training and Research Hospital, Health
Sciences University between January 1, 2010 and
December 31, 2015. For genetic diagnosis purpose, the
cases underwent chorionic villus sampling (CVS),
amniocentesis or cordocentesis. Approval of ethics com-
mittee required for the study was obtained from the
Local Ethics Committee of Tepecik Training and
Research Hospital with the number 30.09.2015/1.

Age, week of gestation, gravida, parity, number of
abortion, anomaly type, presence of concurrent anom-
aly, prenatal diagnosis method and fetal karyotype
results of the pregnant women found to have fetal uri-
nary system anomaly were recorded. Urinary system
anomalies were categorized in sub-groups which were
renal agenesis, pyelectasis, multicystic dysplastic kidney,
polycystic kidney and megacystis. For pyelectasis diag-
nosis, the threshold for renal anterior-posterior diameter
was determined 4 mm for up to 32 weeks of gestation
and 7 mm for 33 weeks of gestation and above.

For prenatal diagnosis, all families were provided
genetic consultancy before the karyotyping procedure.
Written and oral information about the technique of
karyotyping procedure and possible complications were
given and informed consents were obtained. The proce-
dures were done together with ultrasonography. Local
anesthesia was not applied during any procedure, and
antibiotic prophylaxis was performed for all patients
after the procedure. For CVS procedure, chorion fron-
dosum was entered by using 18 gauge needle through
double-need technique and then the stylet was removed.
Afterwards, sampling needle was inserted. After it was
fixed to the needle tip of 20 ml injector containing
heparinized culture medium, aspiration was conducted
by forward and backward movements. In the amniocen-
tesis procedure, 22 gauge spinal needle was used to enter
into amniotic cavity where there was no fetal structure
and cord. Amniotic fluid was aspired by means of 10 ml
injector by applying slight negative pressure, and 1 ml
was collected per week of gestation. In order to prevent
contamination, separate injectors were used and first 2–3
ml of fluid was discarded. In the cordocentesis proce-
dure, 20 gauge spinal needle was used and umbilical vein
was entered on 1–2 cm away from the entrance point of
cord into placenta. About 1–5 ml blood sample was col-
lected by heparinized injector. The pregnant women
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who had normal karyotype results and no significant
anomaly were followed up by ultrasonography until
delivery. The fetuses who had fatal chromosomal or
structural anomaly were evaluated by the perinatology
council of our clinic and the family was offered the
option for terminating the pregnancy.

All statistical analyses of the data were done by using
SPSS software, version 17.0 (SPSS, Inc., Chicago, IL,
USA). Conformity of the numerical variables to normal
distribution was evaluated by Shapiro-Wilk test. The
categorical variables were determined by frequency and
percentage while numerical variables were determined
by mean and standard deviation or median and mini-
mum-maximum values. The correlation between two
categorical variables was investigated by chi-square test.
Two independent mean values were compared by
Student’s-t test while two independent median values
were compared by Mann-Whitney U test. The study
was evaluated within 95% confidence interval. The value
p<0.05 was considered statistically significant.

Results
The study group consisted of 60 pregnant women who
were found to have fetal urinary system anomaly and
underwent karyotyping. The demographic characteris-
tics of the cases are shown in Table 1.

Pyelectasis was the most common one among urinary
system anomalies (Table 2). While fetal pyelectasis was
observed in 28 (46.7%) pregnant women, 12 (20%) of
them was unilateral and 16 (26.7%) of them were bilat-
eral. Of the other pregnant women, 8 (13.3%) had uni-
lateral multicystic dysplastic kidney, 6 (10%) had bilater-
al multicystic dysplastic kidney, 4 (6.7%) had unilateral
renal agenesis, 2 (3.3%) had bilateral renal agenesis, 2
(3.3%) had polycystic kidney and 6 (18.3%) had mega-
cystis. In terms of other anomalies accompanying uri-
nary system anomalies, the central nervous system was
the most common anomaly seen in 17 (28.3%) pregnant
women (Table 2). Thirteen (21.7%) pregnant women
had fetal hyperechogenic intestine, 12 (20%) cases had
cardiovascular system anomaly, 4 (6.7%) cases had facial
anomaly, 5 (8.3%) cases had extremity anomalies, 4
(6.7%) cases had single umbilical artery, 2 (3.3%) cases
had anterior abdominal wall defect, one (1.7%) case had
diaphragmatic hernia, and one (1.7%) case hydrops. In
addition, the most common concurrent urinary system
anomalies seen with additional anomalies were unilater-
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Table 1. The demographic data of the pregnant women who parti-
cipated in the study.

Age (Mean, SD) 28.4 5.7

Age (n, %)
<35 51 85
≥35 9 15

Week of gestation (Mean, SD) 22.1 6.1

Week of gestation (n, %)
≤22 weeks  23 38.3
>22 weeks 37 61.7

Gravida (Median, min-max) 2 1–5

Gravida (n, %)
1 20 33.3
2 19 31.7
3 12 20
4 6 10
5 3 5

Parity (Median, min-max) 1 0–3

Parity (n, %)
0 25 41.7
1 23 38.3
2 9 15
3 3 5

Abortion (Median, min-max) 0 0–3

Abortion (n, %)
0 43 71.7
1 12 20
2 3 5
3 2 3.3

SD: Standard deviation

Table 2. Urinary system anomalies and concurrent anomaly types.

Urinary system anomalies n % Additional 
anomaly (%)

Unilateral renal agenesis 4 6.7 75

Bilateral renal agenesis 2 3.3 50

Unilateral pyelectasis 12 20 91.7

Bilateral pyelectasis 16 26.7 62.5

Unilateral MCDK 8 13.3 37.5

Bilateral MCDK 6 10 66.7

PKD 2 3.3 0

Megacystis 6 10 27.3

Additional anomalies 37 61.7

CNS 17 28.3

CVS 12 20

Facial 4 6.7

Anterior abdominal wall defect 2 3.3

Extremity 5 8.3

Diaphragmatic hernia 1 1.7

Hyperechogenic intestine 13 21.7

Single umbilical artery 4 6.7

CNS: central nervous system; CVS: cardiovascular system; MCDK: multicystic dys-
plastic kidney; PKD: polycystic kidney disease
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al pyelectasis (91.7%), unilateral renal agenesis (75%),
bilateral multicystic dysplastic kidney (66.7%), and bilat-
eral pyelectasis (62.5%) (Table 2). Anhydramnios devel-
oped in 5 (8.3%) cases in addition to other organ anom-
alies.

Amniocentesis procedure was carried out on 47 cases
between 16 and 20 weeks of gestation, cordocentesis
procedure was carried out on 6 cases between 20 and 28
weeks of gestation, and CVS procedure was carried out
on 5 cases between 11 and 14 weeks of gestation. In two
cases which were decided for termination by the perina-
tology council due to the fetal conditions which were
found to have fatal urinary system anomaly, karyotype
was determined through abortion material after the ter-
mination procedure. Karyotype results were evaluated to
be normal in 41 (70.7%) cases. In one patient, karyotype
result was reported as maternal contamination.
Triploidy was found in one case, and all other karyotype
anomalies were trisomies, and 16 (26.6%) cases had tri-
somy (Table 3).

The maternal age was <35 years in 92.7% of the cases
with normal karyotype results. The karyotype result was
trisomy in 6 (66.7%) out of 9 patients who were 35 years
old and older. The correlation between age and normal
and trisomy groups was statistically significant (p=0.014)
(Table 4). No significant correlation was found between
karyotype results and all urinary system anomalies. In
the majority of the cases found to have trisomy by kary-
otype results, multiple anomalies were observed. Of the
cases with trisomy as karyotype, 3 (17.6%) had isolated
urinary system anomaly and other 14 (82.4%) had addi-
tional anomaly. The difference between the cases whose
karyotype results were normal and trisomy and the cases
with additional anomaly was statistically significant
(p=0.040) (Table 4).

Discussion
Congenital urinary system anomalies are the malforma-
tions which have a broad spectrum and can be seen in
0.3–1.6 cases per 1000 deliveries.[1] Although most of
them are sporadic and isolated, they also can be seen the
part of a syndrome. Urinary system anomalies are genet-
ically heterogeneous complex developmental anomalies
which may display various phenotypic characteristics.
However, single gene diseases also may lead to congeni-
tal anomaly in kidney and urinary system; similar condi-
tions can also be observed in family history. Congenital

Table 4. Distribution of fetal urinary system anomalies according to
karyotype results.

Normal Trisomy p-
(n, %) (n, %) value

Age 0.014
<35 38 (92.7) 11 (64.7)
≥35 3 (7.3) 6 (35.3)

Week of gestation 0.268
≤22 13 (31.7) 8 (47.1)
>22 28 (68.3) 9 (52.9)

Gravida 0.114
Primigravida 16 (39) 3 (17.6)
Multigravida 25 (61) 14 (82.4)

Abortion 0.067
Not available 32 (78) 9 (52.9)
Available 9 (22) 8 (47.1)

Unilateral renal agenesis 3 (7.3) 1 (5.9) >0.999

Bilateral renal agenesis 0 (0) 2 (11.8) 0.082

Unilateral pyelectasis 6 (14.6) 5 (29.4) 0.270

Bilateral pyelectasis 12 (29.3) 4 (23.5) 0.755

Unilateral MCDK 8 (19.5) 0 (0) 0.090

Bilateral MCDK 6 (14.6) 0 (0) 0.166

PKD 1 (2.4) 0 (0) >0.999

Megacystis  9 (22) 2 (11.8) 0.480

Additional anomaly  0.040

Not available 19 (46.3) 3 (17.6)

Available 22 (53.7) 14 (82.4)

CNS 10 (24.4) 6 (35.3) 0.520

CVS 3 (7.3) 9 (52.9) <0.001

Facial 3 (7.3) 1 (5.9) >0.999

Anterior abdominal wall defect 1 (2.4) 1 (5.9) 0.504

Extremity 3 (7.3) 2 (11.8) 0.624

Diaphragmatic hernia 1 (2.4) 0 (0) >0.999

Diaphragmatic hernia 6 (14.6) 7 (41.2) 0.040

Single umbilical artery 3 (7.3) 1 (5.9) >0.999

CNS: central nervous system; CVS: cardiovascular system; MCDK: multicystic dys-
plastic kidney; PKD: polycystic kidney disease

Table 3. Karyotype results of fetal urinary system anomalies.

n %

Karyotyping technique
AC 47 78.3
CC 6 10
CVS 5 8.3

Abortion material 2 3.3

Karyotype material

Normal 41 69.5

69XXX 1 1.7

Trisomy 13 2 3.4

Trisomy 16 1 1.7

Trisomy 18 4 6.8

Trisomy 21 10 17

AC: amniocentesis; CC: cordocentesis; CVS: chorionic villus sampling



anomalies of renal and urinary systems may cause hyper-
tension and renal failure, and it is accounted for 30–50%
of end-stage renal failure in children.[5,7] Therefore, the
early diagnosis of urinary system malformations are very
important in terms of fetal prognosis and postnatal prob-
lems. While the diagnosis of urinary system anomalies is
easy (89% success rate for diagnosis), we could establish
diagnosis at over 20 weeks of gestation in 61.7% of the
cases in our study.[8] The patients in this group referred
to the hospital at a late period and did not undergo reg-
ular follow-up previously.

Pyelectasis was the most commonly diagnosed uri-
nary system anomaly in our study (46.7%). Twelve
(20%) patients had unilateral pyelectasis and 16 (26.7%)
patients had bilateral pyelectasis. In many studies,
pyelectasis is the most common anomaly among urinary
system anomalies.[2,5,9] In the cases found to have urinary
system anomaly, the risk of chromosome anomaly
increases especially in the presence of additional anom-
alies. Although isolated pyelectasis is “soft marker” for
Down syndrome, it is not an indication alone for chro-
mosomal analysis. On the other hand, it should be
remembered that it increases the risk of age-related
anomaly for 1.5 times, and prenatal consultancy of preg-
nant women should be carried out accordingly. In cases
where additional anomaly is not observed in the ultra-
sonography, it is usually a common view that chromo-
some analysis is not required. In their study, Bornstein
et al. reviewed 671 cases which were found to have
pyelectasis between 1995 and 2004, and they found
major trisomies in 35 (5.22%) cases.[10] In the same study,
the ages of 133 (19.8%) cases were above 35 years. In
this study, they did not observe isolated pyelectasis as a
major marker for trisomies; however, they found that
trisomy risk increased in fetuses which had additional
sonographic findings together with pyelectasis or had
abnormalities in their maternal serum markers.
Observing another sonographic marker in addition to
pyelectasis increases trisomy risk for 8 times. With more
than one concurrent anomaly, the risk increases for 62
times.[10] The authors highlighted that evaluating chro-
mosomal anomaly risk together with maternal age
and/or maternal serum markers in cases with pyelectasis
would yield more accurate results.[10]

In our study, unilateral pyelectasis was the group in
which additional anomalies were the most concurrent,
and the prevalence of additional anomaly was 91.6% in
this patient group. Also, pyelectasis was the most com-

mon urinary system anomaly among the fetuses with
chromosomal anomaly. Although isolated pyelectasis
cases were rare in our study group and therefore it was
not a significant data in terms of chromosomal analysis
in this group, observing high rates of concurrent struc-
tural and chromosomal anomalies is concordant with
the literature when we evaluated all cases with pyelecta-
sis.[11,12]

In the literature, chromosomal defect rate has been
reported 21% in cases with rare fetal megacystis.[13]

While trisomy 13 is the most common among concur-
rent chromosomal anomalies, triploidy is quite rare.[14]

Sebire et al. carried out chromosomal analysis on the
cases with fetal megacystis and found chromosomal
anomaly in 3 out of 15 cases.[13] In their prospective study
where Favre et al. reviewed 5240 cases in France
between 1992 and 1998 and found megacystis in 16
cases between 11 and 15 weeks of gestation, the authors
showed the correlation between megacystis and chro-
mosomal anomalies. While chromosomal anomaly is
not found in cases with isolated megacystis, it was found
in four cases with concurrent additional anomaly.[15] Two
of them had trisomy 13, one had trisomy 21, and one
had trisomy 18. In this study, it was shown that aneu-
ploidy (25%) was accompanying megacystis at a high
rate as well as other structural anomalies, particularly
intestinal malformations (33%).[15] In our study, we
found chromosomal anomaly only in 2 (18.1%) out of
11 cases who had megacystis.

Of 14 (23.3%) patients established with the diagno-
sis of multicystic dysplastic kidney, 8 (13.3%) were uni-
lateral and 6 (10%) were bilateral. De La Vega and
Torres reviewed 117 cases with congenital renal anom-
aly between 2001 and 2004, and found that the rate of
multicystic dysplastic kidney was 17.9%.[16] In a recent
study, the rate of multicystic dysplastic kidney has been
reported 23.8%.[12] Also, bilateral renal agenesis was
12.8% in the study of De La Vega and Torres while it
was 3.3% in our patient group.[16]

In our study, there were 37 (61.7%) fetuses which
had other structural anomalies together with urinary
system anomalies. In the study of Batukan et al., 23.6%
of 165 fetuses with urinary system anomaly had also
other structural anomalies.[17] In our study group, the
high rate of concurrent anomalies can be due to the fact
that our institution is a reference unit for prenatal diag-
nosis. On the other hand, some urinary system anom-
alies can be unnoticed during ultrasonography when
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oligohydramnios is not present and therefore the
patients are not referred to our clinic. 

The prevalence of cardiac anomaly is usually high
in fetuses with chromosomal anomaly, and while aneu-
ploidy prevalence is 16% in the presence of isolated car-
diac anomaly, it increases to 66% when there are other
anomalies accompanying to cardiac anomaly.[2,5]

Therefore, chromosomal anomaly should be recom-
mended due to the high aneuploidy risk for pregnant
women who are found to have cardiac anomaly. In our
study, we found trisomies in 75% of the cases with car-
diac anomalies accompanying to urinary system anom-
alies. 

Conclusion
In conclusion, urinary system anomalies are approxi-
mately one fourth of all congenital anomalies.
Congenital urinary system malformations with a broad
spectrum differ greatly in terms of etiological reasons.
Additional structural anomalies may accompany uri-
nary system anomalies at a high rate; and while they
negatively affect the prognosis on one hand, they cause
the incidence of chromosomal anomaly to increase on
the other hand. As a result, fatal and severe malforma-
tion can be observed. Urinary system anomalies which
are isolated or have a good fetal prognosis may cause
urinary infection, hypertension and various levels of
renal failure during childhood. Prenatal diagnosis is
very important to identify these anomalies which may
cause poor outcomes during fetal period or childhood. 

Conflicts of Interest: No conflicts declared.

References
1. Policiano C, Djokovic, Carvalho R, Monteiro C, Melo MA,

Graça LM. Ultrasound antenatal detection of urinary tract
anomalies in the last decade: outcome and prognosis. J Matern
Fetal Neonatal Med 2015;28:959–63.

2. Rodriguez MM. Congenital anomalies of the kidney and the
urinary tract (CAKUT). Fetal Pediatr Pathol 2014;33:293–
320.

3. fien C. Fetal üropatilerde intrauterin tedavi. Perinatoloji Der-
gisi 2002;10:30–7.

4. Laurichesse Delmas H, Kohler M, Doray B, Lemery D,
Francannet C, Quistrebert J, et al. Congenital unilateral renal
agenesis: prevalance, prenatal diagnosis, associated anomalies.
Data from two birth-defect registries. Birth Defects Res
2017;109:1204–11.

5. Ryckewaert-D’Halluin A, Le Bouar G, Odent S, Milon J,
D’Herve D, Lucas J, et al. Diagnosis of fetal urinary tract mal-
formations: prenatal management and postnatal outcome.
Prenat Diagn 2011;31:1013–20.

6. Koyuncu FM, ‹sparta T, fieker B, Ayd›n G. fiiddetli oligohid-
ramniosun fetal mortalite, morbidite ve do¤um flekline etkisi.
Perinatoloji Dergisi 1995;3(3):38–40.

7. Tonni G, Vito I, Ventura A, Grisolia G, De Felice C. Fetal
lower urinary tract obstruction and its management. Arch
Gynecol Obstet 2013;287:187–94.

8. Clayton DB, Brock JW 3rd. Prenatal ultrasound and urologi-
cal anomalies. Pediatr Clin North Am 2012;59:739–56.

9. Morris RK, Quinlan-Jones E, Kilby MD, Khan KS.
Systematic review of accuracy of fetal urine analysis to predict
poor postnatal renal function in cases of congenital urinary
tract obstruction. Prenat Diagn 2007;27:900–11.

10. Bornstein E, Barnhard Y, Donnenfeld AE, Ferber A, Divon
MY. The risk of a major trisomy in fetuses with pyelectasis: the
impact of an abnormal maternal serum screen or additional
sonographic markers. Am J Obstet Gynecol 2007;196:e24–6.

11. Muhcu M, Gönen G, Akyol ‹, Dündar Ö, Tütüncü L, Ergür
AR, et al. Antepartum course and postpartum management of
cases with mild fetal pyelectasis at second trimester. Perinatal
Journal 2007;15:56–60.

12. Orzechowski KM, Berghella V. Isolated fetal pyelectasis and
the risk of Down syndrome: a meta-analysis. Ultrasound
Obstet Gynecol 2013;42:615–21.

13. Sebire NJ, Von Kaisenberg C, Rubio C, Snijders RJ,
Nicolaides KH. Fetal megacystis at 10-14 weeks of gestation.
Ultrasound Obstet Gynecol 1996;8:387–90.

14. Taghavi K, Sharpe C, Stringer MD. Fetal megacystis: a sys-
tematic review. J Pediatr Urol 2017;13:7–15.

15. Favre R, Kohler M, Gasser B, Muller F, Nisand I. Early fetal
megacystis between 11 and 15 weeks of gestation. Ultrasound
Obstet Gynecol 1999;14:402–6.

16. De La Vega A, Torres E. Prenatal diagnosis of renal disease. P
R Health Sci J 2005;24:141–4.

17. Batukan C, Holzgreve W, Danzer E, Rudin C, Ermifl H,
Tercanl› S. Fetal üriner sistem anomalilerinin prenatal tan›s›
ve do¤um öncesi yaklafl›m: 173 olgunun analizi. J Turk Ger
Gynecol Assoc 2002;3:23–32.

Perinatal Journal

Hürcan E et al.

6



Investigation of toxoplasma, cytomegalovirus 
and rubella seroprevalence in pregnant women

admitted to our hospital
Yusuf Madenda¤1, Mefkure Eraslan fiahin2, ‹lknur Çöl Madenda¤1, Erdem fiahin2,

Gökhan Açmaz3, ‹ptisam ‹pek Müderris3

1Gynecology and Obstetrics Clinic, Kayseri Training and Research Hospital, Health Sciences University, Kayseri, Turkey 
2Gynecology and Obstetrics Clinic, Sivas fiark›flla State Hospital, Health Sciences University, Sivas, Turkey 

3Department of Gynecology and Obstetrics, Faculty of Medicine, Erciyes University, Kayseri, Turkey

Özet: Hastanemize baflvuran gebelerde toksoplazma,
sitomegalovirüs ve rubella seroprevalans›n›n
araflt›r›lmas›
Amaç: Çal›flman›n amac› bir E¤itim ve Araflt›rma Hastanesi Ka-
d›n Hastal›klar› ve Do¤um Klini¤ine baflvuran gebelerde toksop-
lazma, rubella (k›zam›kç›k) ve sitomegalovirüs (CMV) grubu en-
feksiyonlar›n serolojik olarak pozitifli¤ini de¤erlendirerek mevcut
bölge için taraman›n gereklili¤ini araflt›rmakt›r. 
Yöntem: Çal›flma, Kayseri E¤itim ve Araflt›rma Hastanesi Kad›n
Hastal›klar› ve Do¤um Klini¤inde, 01/01/2017–01/01/2018 tarih-
leri aras›nda baflvuran, 18–45 yafl aras›nda ve birinci trimesterle-
rinde bulunan gebelerin Toxoplasma gondii, CMV ve rubella enfek-
siyonlar› aç›s›ndan serolojik sonuçlar›n›n retrospektif olarak de-
¤erlendirilmesi ile yap›ld›. Gebelerin anti-toksoplazma IgM, anti-
toksoplazma IgG, anti-CMV IgM, anti-CMV IgG, anti-rubella
IgM ve anti-rubella IgG sonuçlar› de¤erlendirildi. Hastalardan al›-
nan serum örnekleri 10.000 rpm h›zda 15 dakika santrifüj edilerek
ELISA yöntemi ile analiz edildi. 
Bulgular: Toplam 10.200 hasta bilgisine ulafl›ld›. Çal›flmam›zda
anti-CMV IgM pozitifli¤ini %0.2 ve anti-CMV IgG pozitifli¤ini
%98.2; anti-toksoplazma IgM pozitifli¤ini %1 ve anti-toksoplaz-
ma IgG pozitifli¤ini %28.9; anti-rubella IgM pozitifli¤ini %0.59
ve anti rubella IgG pozitifli¤ini %97.3 olarak tespit ettik. 
Sonuç: Çal›flmam›z›n sonuçlar›, Türkiye genelinde yap›lan pek çok
seroprevalans çal›flmas› ile uyumludur. Bölgemizdeki toksoplazma
için saptanan yüksek seronegatiflik oranlar› göz önüne al›nd›¤›nda,
gebelik takibinde ilk vizitte gebe kad›n›n toksoplazma yönünden im-
mun durumunun tetkik edilmesini ve seronegatif ise gerekli sa¤l›k
e¤itiminin verilmesini önermekteyiz. Konjenital k›zam›kç›k sendro-
munu önlemede gebelikte yap›lacak taramadan daha öncelikli yakla-
fl›m olarak k›zam›kç›k enfeksiyonu için afl›lama programlar›na devam
ederek bireylerin reprodüktif dönemden önce ba¤›fl›k hale gelmele-
rini sa¤lamak ön planda olmal›d›r. Bölgemiz gebelerinde CMV IgG
seroprevalans›n›n yüksek olmas› göz önüne al›nd›¤›nda, CMV için
rutin serolojik tarama gereksiz gibi görünmektedir. 

Anahtar sözcükler: TORCH seroprevelans›, Toxoplasma gondii, ru-
bella, sitomegalovirüs.
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Abstract

Objective: The aim of the study is to evaluate serologically the pos-
itivity of toxoplasma, rubella and cytomegalovirus (CMV) infections
in pregnant women who admitted to the Gynecology and
Obstetrics Clinic of a Training and Research Hospital, and to inves-
tigate the necessity of the screening for the current region. 
Methods: Serological results of pregnant women who were
between 18 and 45 years old, at their first trimesters and admitted
to the Gynecology and Obstetrics Clinic of Kayseri Training and
Research Hospital between January 1, 2017 and January 1, 2018
were evaluated retrospectively in terms of Toxoplasma gondii, CMV
and rubella infections. Anti-toxoplasma IgM, anti-toxoplasma IgG,
anti-CMV IgM, anti-CMV IgG, anti-rubella IgM and anti-rubella
IgG results of the pregnant women were evaluated. The serum sam-
ples collected from the patients were centrifuged for 15 minutes at
10,000 rpm and analyzed by ELISA method.
Results: The records of a total of 10,200 patients were accessed. We
found in our study that anti-CMV IgM positivity was 0.2% and anti-
CMV IgG positivity was 98.2%, anti-toxoplasma IgM positivity was
1% and anti-toxoplasma IgG positivity was 28.9%, anti-rubella IgM
positivity was 0.59% and anti-rubella IgG positivity was 97.3%. 
Conclusion: The results of our study are consistent with many sero-
prevalence studies carried out in Turkey. Considering the high
seronegativity rates of toxoplasma found for our region, we recom-
mend the investigation of the immune condition of pregnant woman
in the first gestational visit in terms of toxoplasma, and providing
necessary health training if the results are seronegative. It should be
the primary purpose to make individuals immune before the repro-
ductive period by maintaining vaccination programs for rubella
infection which is an approach of higher priority than the gestation-
al screening to prevent congenital rubella syndrome. Considering
the high rate of CMV IgG seroprevalence in the pregnant women of
our region, routine serological screening seems unnecessary. 

Keywords: Cytomegalovirus, rubella, Toxoplasma gondii, TORCH
seroprevalence.



Introduction
Since the infections of Toxoplasma gondii, cytomega-
lovirus (CMV) and rubella groups have a clinical
impact on fetus similar to the gestational primary
infections, they should be evaluated together during
pregnancy.[1] Although current infections are often
undergone asymptomatically, they may cause perinatal
morbidity and mortality by resulting in fetal congeni-
tal malformations particularly during the first trimester
of pregnancy.[2]

The routine screening of this group of infections
during pregnancy is still controversial while there are
studies arguing to perform the screening according to
the seropositivity rate especially on the site of infec-
tion.[1,3,4] It is known that seropositivity varies according
to the regions in many studies performed in different
regions of Turkey, and that it is given particular
importance among different countries.

The aim of this study is to evaluate serologically the
positivity of Toxoplasma gondii, CMV and rubella infec-
tions in the Gynecology and Obstetrics Clinic of
Kayseri Training and Research Hospital, which is a
tertiary center and receives approximately 12,000 new
pregnant women annually, and to investigate the
necessity of the screening for the current region.

Methods
In this study, the serological results of pregnant
women who were between 18 and 45 years old, at their
first trimesters and admitted to the Gynecology and
Obstetrics Clinic of Kayseri Training and Research
Hospital between January 1, 2017 and January 1, 2018
were evaluated retrospectively in terms of Toxoplasma

gondii, CMV and rubella infections. The approval of
ethic committee of Erciyes University was obtained for
the study, and all steps of the study were performed in
accordance with Helsinki Declaration.

Anti-toxoplasma IgM, anti-toxoplasma IgG, anti-
CMV IgM, anti-CMV IgG, anti-rubella IgM and anti-
rubella IgG results of the pregnant women were evalu-
ated. The serum samples collected from the patients
were centrifuged for 15 minutes at 10,000 rpm and
analyzed by ELISA test. While <0.5 was considered
index negative and ≥0.6 U/ml index positive for toxo-
plasma IgM, and <1.6 was index negative and ≥3.0
U/ml was index positive for toxoplasma IgG; <1.2
U/ml was index negative and ≥1.6 U/ml was index pos-
itive for rubella IgM, and <5 U/ml was index negative
and ≥10 U/ml was index positive for rubella IgG; <0.85
U/ml was index negative and ≥1 U/ml was index posi-
tive for CMV IgM, and <6 U/ml was index negative
and ≥6 U/ml was index positive for CMV IgG. 

Results
The records of a total of 10,200 patients were accessed.
In the study, the mean age of the pregnant women was
25.4±4.1 (range: 18 to 45) years, and the mean number
of pregnancy was 2.1±1.3. We found in our study that
anti-CMV IgM positivity was 0.2% and anti-CMV IgG
positivity was 98.2%, anti-toxoplasma IgM positivity
was 1% and anti-toxoplasma IgG positivity was 28.9%,
anti-rubella IgM positivity was 0.59% and anti-rubella
IgG positivity was 97.3%. The results of anti-toxoplas-
ma IgM, anti-toxoplasma IgG, anti-CMV IgM, anti-
CMV IgG, anti-rubella IgM and anti-rubella IgG of the
pregnant women evaluated in the study are shown in
Table 1.
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Table 1. The distribution of Toxoplasma gondii, cytomegalovirus and rubella infections of the pregnant women during the first trimester. 

Number of negative patients Number of positive patients Total
n (%) n (%)

Anti-toxoplasma IgM 10,098 (99%) 102 (1%) 10,200

Anti-toxoplasma IgG 7253 (71.1%) 2947 (28.9%) 10,200

Anti-rubella IgM 10,139 (99.41%) 61 (0.59%) 10,200

Anti-rubella IgG 276 (2.7%) 9924 (97.3%) 10,200

Anti-CMV IgM 10,180 (99.8%) 20 (0.2%) 10,200

Anti-CMV IgG 183 (1.8%) 10,017 (98.2%) 10,200



Discussion
In our study, we investigated serologically the positivity
of Toxoplasma gondii, CMV and rubella infections of
pregnant women who admitted to the Gynecology and
Obstetrics Clinic of Kayseri Training and Research
Hospital between 2017 and 2018 during the trimester of
their pregnancies. In our study, anti-CMV IgM positiv-
ity was 0.2% while anti-CMV IgG positivity was 98.2%.
In similar studies carried out in Turkey, CMV IgG
seropositivity was found between 84% and 98%.[1,4,5] Our
result is consistent with other regions. As known, preva-
lence of gestational primary CMV infection varies
depending on the geographical region, ethnic origin and
socioeconomical status.[6] There are also different studies
reporting the incidence of primary CMV infection
between 0.7% and 4% among seronegative pregnant
women.[7]

CMV is the most common congenital infection
complicating 0.2-2.2% of all newborns.[7,8] In up-to-date
study bulletins, it is estimated that the annual cost to
treat permanent dysfunctions and complications caused
by CMV infection is more than 1.86 billion USD in the
USA.[9] Although routine screening is not recommended
for primary CMV infection,[10] routine screening of
pregnant women during their first trimester periods can
be recommended considering the fact that the risk of
fetal transmission is about 30–40% in the presence of
CMV infection.

In our study, we found anti-toxoplasma IgM positiv-
ity 1% and anti-toxoplasma IgG positivity 28.9%. In
similar studies carried out in Turkey, anti-toxoplasma
IgG seropositivity was found between 28% and 60%.[1,4,5]

Our result is consistent with other regions. While the
vertical transmission rate of Toxoplasma gondii is 10–15%
during the first trimester, it is 25% during the second
trimester, and more than 60% during the third
trimester.[11,12] The severity of fetal infection depends on
the week of gestation at transmission time, and the
severity of the disease will increase as the fetus is infect-
ed earlier.[11,12]

According to the up-to-date study bulletins, routine
screening is not recommended for pregnant women in
terms of Toxoplasma gondii infection, and it is recom-
mended to limit the screening with women whose
immune systems are weak or who are positive for human
immunodeficiency virus (HIV).[9] The results of our
study show that the rate of anti-Toxoplasma gondii IgG

negativity is 71.1% (7253 pregnant women) for the last
year, and it can be said that all these pregnant women
are under risk in terms of Toxoplasma gondii infection.
We believe that screening pregnant women in terms of
Toxoplasma gondii infection should not be planned for all
cases but should be planned according to the seropreva-
lence values both among the countries and in relatively
smaller regions.

In our study, anti-rubella IgM positivity was 0.59%
and anti-rubella IgG positivity was 97.3%. In similar
studies carried out in Turkey, anti-rubella IgG
seropositivity was found between 90% and 99%.[1,4,5]

Our result is consistent with other regions. While
rubella is a mild viral infection seen typically during
childhood, primary infection developing during preg-
nancy results in with congenital rubella syndrome.[9]

When analyzing the results of our study, we saw that
the majority of the pregnant women were immune to
rubella infection. It should be the primary purpose to
make individuals immune before the reproductive peri-
od by maintaining vaccination programs for rubella
infection which is an approach of higher priority than
the gestational screening to prevent congenital rubella
syndrome. 

Conclusion
Although the routine screenings of Toxoplasma gondii,
rubella and CMV infections are not recommended dur-
ing the pregnancy, it is controversial around the world.
The results of our study are consistent with many sero-
prevalence studies carried out in Turkey. 

Considering the high seronegativity rates of toxo-
plasma found for our region, we recommend the investi-
gation of the immune condition of pregnant woman in
the first gestational visit in terms of toxoplasma, and pro-
viding necessary health training if the results are
seronegative. It should be the primary purpose to make
individuals immune before the reproductive period by
maintaining vaccination programs for rubella infection
which is an approach of higher priority than the gesta-
tional screening to prevent congenital rubella syndrome.
Considering the high rate of CMV IgG seroprevalence
in the pregnant women of our region, routine serologi-
cal screening seems unnecessary. 
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The prediction of preterm birth threat by 
uterocervical angle

Olgu Bafal›, Hüseyin K›yak, Osman ‹nce, Yusuf Baflk›ran, Ali Gedikbafl› 
Gynecology and Obstetrics Clinic, Istanbul Kanuni Sultan Süleyman Training and Research Hospital, 

Health Sciences University, Istanbul, Turkey  

Özet: Uteroservikal aç›n›n erken do¤um tehdidinde
öngörüsü
Amaç: Preterm do¤um yenido¤an mortalite ve morbiditesinin en
önemli sebebi olup erken tan› ve tedavi ile olumlu neonatal sonuç-
lar almak mümkündür. Çal›flmam›zda preterm do¤um öngörüsün-
de uteroservikal aç› (UCA) ölçümünün etkinli¤ini incelemeyi
amaçlad›k. 
Yöntem: Acil do¤um servisimize sanc› flikayeti ile baflvuran 24–34.
gebelik haftas›nda bulunan 82 tekil gebe bu prospektif gözlemsel
nitelikteki çal›flmaya dahil edildi. Her bir gebenin yafl, son adet ta-
rihi, gebelik haftas›, gravide, parite, abortus, preterm do¤um öykü-
sü, geçirilmifl servikal cerrahi, vücut kitle indeksi, kronik hastal›k
varl›¤›, sigara kullan›m› sorguland›, Bishop skoru hesapland›,
transvajinal ultrason ile servikal uzunluk ölçümü ve UCA ölçümü
optimal flartlarda yap›ld›. Hastalar gözlem, tetkik ve tedavi süreci-
nin sonunda taburcu edildi. Do¤um sonras›nda ise gebelik haftas›,
do¤um flekli, yenido¤an›n do¤um kilosu, cinsiyeti ve yo¤un bak›m
ihtiyac› sorguland›. 
Bulgular: Etiyolojik faktörlerden yaln›z multiparite ve abortus öy-
küsü preterm do¤um yapan gebelerde anlaml› olarak yüksek bu-
lundu. UCA ölçümleri için kesim noktas› 80.5° olarak saptand›.
37. gebelik haftas› öncesi do¤um yapan kad›nlarda UCA’n›n
>80.5° olma oran› %75 bulundu ve term do¤um yapanlara göre
anlaml› olarak yüksek bulundu (p=0.007). Bu nokta için UCA du-
yarl›l›¤› %75, seçicili¤i %58, pozitif kestirim de¤eri %53 ve nega-
tif kestirim de¤eri %77 saptand›. 
Sonuç: Bulgular›m›z ›fl›¤›nda 80.5°’nin üzerinde uteroservikal aç›
ölçümü 37 hafta öncesi do¤umlar için yüksek bir risk öngörmek-
tedir ve servikal uzunluk ölçümü ve Bishop skorlamas›ndan daha
yüksek bir tan›sal performans ortaya koymaktad›r. 

Anahtar sözcükler: Uteroservikal aç›, erken do¤um tehdidi, ser-
vikal uzunluk.
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Abstract

Objective: Preterm birth is the most significant reason for newborn
mortality and morbidity, and it is possible to achieve positive neona-
tal outcomes by early diagnosis and treatment. In our study, we
aimed to investigate the efficiency of uterocervical angle (UCA)
measurement for the prediction of preterm birth. 
Methods: A total of 82 singleton pregnant women who admitted to
our emergency maternity ward with pain complaint between 24 and 34
weeks of gestation were included in this prospective empirical study.
Age, last menstrual period, week of gestation, gravida, parity, abortion,
preterm labor history, previous cervical surgery, body mass index, pres-
ence of chronic disease, and smoking habit of each pregnant woman
were investigated, their Bishop scores were calculated, and cervical
length and UCA measurements were performed by transvaginal ultra-
sound examination under optimal conditions. The patients were dis-
charged after observation, examination and treatment processes. After
the delivery, the week of gestation, delivery type, newborn’s birth
weight, sex and the need for intensive care unit were investigated. 
Results: Among the etiological factors, only the multiparity and
abortion history were found significantly high in pregnant women
who had preterm delivery. The cut-off value for UCA measurements
was determined 80.5°. The rate of UCA >80.5° in women who deliv-
ered before 37 weeks of gestation was found 75%, and it was signifi-
cantly higher than the term cases (p=0.007). For this value, it was
found that UCA sensitivity was 75%, selectivity was 58%, positive
prediction value was 53% and negative prediction value was 77%. 
Conclusion: In consideration of our findings, uterocervical angle
measurement over 80.5° poses a high risk for deliveries before 37
weeks of gestation, and it provides a higher diagnostic performance
than cervical length measurement and Bishop scoring. 

Keywords: Cervical length, preterm birth threat, uterocervical
angle.



Introduction
Preterm birth is the most significant reason determining
perinatal mortality and morbidity of fetus without any
anomaly.[1] Apart from congenital malformations, pre-
maturity accounts for 75–90% of newborn deaths.[2]

According to the data of World Health Organization
(WHO), approximately 15 million babies are born
preterm (<37 weeks of gestation) every year, and this is
equal to one in 10 live births. In living newborns, the risk
of sequel associated with prematurity is high.[2] Every
year, approximately one million children die due to the
preterm birth complications, and most of the surviving
children have visual and hearing problems and maintain
their lives with mental or physical disabilities.[1]

Measuring cervical length by ultrasonography has
become a routine practice today as an objective and non-
invasive method to evaluate the preterm labor. With this
method, apart from cervix length, it is possible to do struc-
tural and functional evaluations such as condition and
appearance of internal os (i.e. its funneling), cervical dilata-
tion together with membrane herniation, and cervical
responses to uterine contractions and fundal pressure.
Either necessarily or unnecessarily, the treatments of
many pregnant women who admit emergency maternity
units are carried out without distinguishing false/ineffec-
tive or actual/effective contractions. Our aim in this study
is to report differences between patients admitted to emer-
gency clinic who undergo actual labor and those undergo
false labor by uterocervical angle (UCA) measurement
aside from cervix length, and preterm labors carried out in
association with it and related gestational outcomes.  

Methods
The format of our study was planned as prospective
empirical study and the ethics committee approval no.
26817412 dated 19.07.2016 was obtained.

The inclusion criteria for singleton live pregnancy
cases who admitted to the emergency maternity clinic of
our hospital between July 2016 and January 2017 with
pain/contraction complaints and who were between 24
and 34 weeks of gestation were as below:
• Two and more regular uterine contractions in 10

minutes
• Labor not being on active phase (dilatation <4 cm,

effacement <80%)
• No history of cervical cerclage in previous weeks of

gestation

In the cases of chorioamnionitis, ablatio placentae, fetal
distress, presence of fetal anomaly, placenta previa condi-
tion or the conditions requiring maternal and fetal emer-
gency cases, the patients were excluded from the study.

After the initial examination and contraction treat-
ment and tocolysis at the emergency maternity unit, the
patients were hospitalized in our perinatology clinic or
they were followed up through the polyclinic after dis-
charging them when they contractions ended.

Accordingly, 82 cases were included in the study in
the related period. Following the medical and obstetric
histories of the patients meeting the criteria, cervical
dilatation, effacement, position, viscosity and the level of
the incoming part of fetus were evaluated for Bishop
score during gynecological examination. The pregnant
women were evaluated by transvaginal sonography on
lithotomy position when the bladder was empty. To
ensure the standardization, all measurements were car-
ried out by the same physician (OB). The cervical length
measurement was done through sagittal plane of cervix,
in a section where also internal os, external os, cervical
canal and endocervical mucosa could be displayed, by
enlarging the image as covering 3/4 of the screen. Also,
in cases where the length between internal os and exter-
nal os was not on a single line, the measurement was
done as linear sections and total cervical length was
obtained. The measurement was carried out three times,
and the shortest length with the best image quality was
recorded for each pregnant woman.

Uterocervical angle is the angle measured on the tri-
angle which is between the anterior uterine segment
and cervical canal. For this, certain straight lines should
be obtained; first straight line was drawn through endo-
cervical canal between internal os and external os. The
first line drawn between internal os and external os was
considered a straight line even though cervical canal
was curved. The second line was drawn ideally 3 cm
from internal os through anterior uterine segment. In
this way, the angle obtained between two straight lines
was considered as UCA (Fig. 1). In shape changes (Y-
or U-like shape changes) corresponding to the early
periods of funneling or the dilatation, cervical canal
measurement between them was also considered as first
straight line. The line drawn from the innermost point
of cervical canal to anterior uterine segment was con-
sidered as the second straight line and the angle was
measured (Fig. 2).  
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After the initial examination and contraction treat-
ment and tocolysis at the emergency maternity unit, the
patients were hospitalized and monitored in our perina-
tology clinic of our hospital. Depending on the ending
of contractions, the patients were discharged and fol-
lowed up through the polyclinic and their follow-up data
were completed upon the delivery. Accordingly, the
pregnant women were assessed in 2 groups which were
those delivered before (study group) and after (control
group) 37 weeks of gestation. Delivery type, week of
gestation during delivery, newborns’ birth weight, sex,
newborns’ need for intensive care unit and betametha-
sone doses of all pregnant women who delivered were
evaluated according to their own groups.

For statistical analysis, IBM SPSS Statistics 22 (IBM
SPSS, Istanbul, Turkey) was used. Conformity of the
study parameters to normal distribution was evaluated
by Shapiro-Wilk test. For comparing descriptive statis-
tical methods (mean, standard deviation, frequency)
when evaluating study data, Student t test was used in
the two-group comparison of parameters displaying
normal distribution, and Mann-Whitney U test was
used in the two-group comparison of parameters not
displaying normal distribution. For the comparison of
qualitative data, chi-square test, Yates’ correction for
continuity and Fisher’s exact chi-square were used.
ROC curve was used to evaluate diagnostic performance
levels of uterocervical angle measurements to distin-
guish those undergoing preterm labor. The significance
level was considered p<0.05.

Results
In line with the method followed, a study group consist-
ing of 32 pregnant women who were hospitalized and
treated and delivered at <37 weeks of gestation and a
control group consisting of 50 pregnant women who
delivered ≥37 weeks of gestation were established.

It was found that gravida, parity, abortion and normal
delivery numbers in pregnant women, whose weeks of
gestation during delivery were <37, were higher than the
pregnant women who were in the control group and
whose weeks of gestation during delivery were ≥37, and
this difference was statistically significant (p<0.05 and
p<0.001) (Table 1). There was no statistically significant
difference in terms of age, body mass index (BMI),
preterm labor history, smoking habit among both
groups and between the patients who found to have
hypertension and gestational diabetes. 

As expected, newborns’ birth weight and newborns’
need for intensive care unit were higher in patients who
underwent preterm labor. The data on the delivery weeks,
birth weights, delivery types and postnatal outcomes are
presented in Table 2.
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Fig. 1. Uterocervical angle is drawn in the triangle area between
anterior uterine segment cervical canal, ideally for 3 cm
where first line is drawn through endocervical canal bet-
ween internal os and external os and second line from in-
ternal os through anterior uterine segment.

Fig. 2. In shape changes (Y- or U-like shape changes) corresponding
to the early periods of funneling or the dilatation, cervical ca-
nal measurement between them is also considered as first
straight line. The line drawn from the innermost point of cer-
vical canal to anterior uterine segment was considered as the
second straight line and the angle is measured.
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No statistical difference was found in Bishop scores
and the measurements carried out on cervical lengths,
with threshold values which were considered 20 and 25
mm, respectively, of patients who underwent preterm
labor. In our study, the sensitivity, selectivity, positive
prediction value and negative prediction value of cervical
lengths measured less than 20 mm were calculated
6.25%, 94%, 40% and 61%, respectively, for preterm
labor. In this regard, there was no statistical difference
between those who underwent preterm labor among the
pregnant women who delivered at <37 and ≥37 weeks of
gestation (Table 3).

The rate of uterocervical angle above 80.5° was calcu-
lated 75% in the preterm labor group (<37 weeks of ges-
tation) while it was 42% in those who delivered at ≥37
weeks of gestation, which was high and statistically signif-
icant (p=0.007) (Table 3). The cut-off value (threshold
value) was found 80.5° for uterocervical angle measure-
ments depending on the preterm labor incidence. For
this value, it was found that the sensitivity was 75%, selec-
tivity was 58%, positive prediction value was 53.3% and
negative prediction value was 77.3%. The area under the
ROC curve obtained was 67%, and this area under curve
was statistically significant (AUC=0.655, 95% CI=0.532–

Table 1. The distribution of the demographic characteristics of pregnant women in the groups according to their weeks of gestation (<37 and  ≥37).  

Week of gestation during delivery

≥≥37 weeks (n=50) <37 weeks (n=32)

Mean±SD (Median) Mean±SD (Median) p-value

Age (year) 26.93±6.40 25.88±4.67 ns1

Gravida (n) 2.04±1.29 3.03±1.62 0.003*,2

Parity (n) 0.68±0.94 1.47±1.19 0.001*,2

Abortion (n) 0.20±0.57 0.56±0.84 0.023†,2

NSD (n) 0.36±0.72 1.06±1.22 0.002*,2

C/S (n) 0.26±0.63 0.38±0.66 ns2

BMI (kg/m2) 27.35±3.77 27.12±4.70 ns1

Preterm labor history, n (%) 1 (2%) 2 (6.3%) ns3

Smoking, n (%) 6 (12%) 5 (15.6%) ns3

Cases with hypertension, n (%) 1 (2%) 2 (6.3%) ns3

Cases with gestational diabetes, n (%) 1 (2%) 3 (9.4%) ns3

1Student’s t-test; 2Mann-Whitney U test; 3Chi-square test, Yates’ correction for continuity and Fisher’s exact chi-square tests; *p<0.01; †p<0.05.  
ns: not significant; C/S: cesarean section; BMI: body mass index 

Table 2. The data on women and newborns according to the weeks of gestation during delivery.   

Week of gestation during delivery

≥≥37 weeks (n=50) <37 weeks (n=32)

Mean±SD (Median) Mean±SD (Median) p-value

Delivery week (week) 38.34±1.09 34.25±1.84 0.001*,1

Newborn’s birth weight (g) 3147.70±390.75 2496.47±654.67 0.001*,1

Delivery type n (%) NSD 33 (66%) 18 (56.3%) ns2

C/S 17 (34%) 14 (43.8%)

Newborn’s intensive care unit need, n (%) 4 (8%) 10 (31.3%) 0.015†,2

Betamethasone dose, n (%) N/A 40 (80%) 19 (59.4%) ns2

1 1 (2%) 2 (6.3%)
2 9 (18%) 11 (34.4%)

Newborn’s sex, n (%) Female 23 (59%) 16 (41%) ns2

Male 27 (62.8%) 16 (37.2%)

1Student’s t-test; 2Chi-square test, Yates’ correction for continuity and Fisher’s exact chi-square tests; *p<0.01; †p<0.05.
ns: not significant; C/S: cesarean section; NSD: normal spontaneous delivery 



0.777, p=0.019; p<0.05) (Fig. 3). This indicates that the
probability of uterocervical angle being above 80.5° cut-
off value in the measurements carried out in pregnant
women who deliver before 37 weeks of gestation is statis-
tically significant. 

Discussion
Although there have been important developments in the
prognosis of preterm newborns with the newborn inten-
sive care techniques developed in the last two decades, no
decrease has been achieved in the preterm labor rates.[3]

There are studies showing that the risk of repeating
preterm labor is increased in pregnancies with preterm
labor history. In their study carried out to determine risk
factors in preterm labors, Foix-L’Helias et al. reported
the risk of preterm labor history (Odds Ratio: OR) as
4.5.[4] Similarly, El-Bastawissi et al. reported OR as 6 in
the pregnant women with preterm labor history.[5] In our
study, we found no difference between the groups in
terms of obstetric history; 2% of pregnant women who
delivered at ≥37 weeks of gestation and 6.3% of pregnant
women who underwent preterm labor had preterm labor
history; however, there was no statistically significant dif-
ference (p=0.557).

While there are many studies reporting that smoking
increases preterm labor risk,[6–10] Anders and Day expressed
in their studies that smoking is accounted for 15% of
preterm labors.[11] In our study, only 11 (13.4%) out of 82
cases were smokers, and we found that smoking was not
statistically significant between the groups (p=0.743).

There are studies reporting that maternal age is the
most important factor among the socio-demographical

factors in the preterm labor etiology, and that preterm
labor rates prominently increase among the pregnancies
before 20 years old.[12–14] Moreover, various risk scoring
systems including the maternal age have been developed
accordingly. The most known of these systems is Creasy
risk scoring system, and mother is scored with 2 points if
maternal age is under 20-year-old and above 40-year-
old, and with 4 points if maternal age is under 18-year-
old.[3,15] In our data, the mean age of term labor cases was
26.93 years and it was 25.88 for those who underwent

Volume 26 | Issue 1 | April 2018

The prediction of preterm birth threat by uterocervical angle

15

Table 3. Cervical lengths and uterocervical angles according to the delivery week.  

Week of gestation during delivery

≥≥37 weeks (n=50) <37 weeks (n=32)

n (%) n (%) p-value1

Mean week of gestation during examination 31.21±3.07 30.57±3.34 ns

Bishop score 1.38±2.34 1.31±1.20 ns

Mean cervical length during examination (mm) 33.70±7.72 34.88±6.93 ns

Cervical length <20 mm 3 (6%) 2 (6.3%) ns
>20 mm 47 (94%) 30 (93.8%)

Cervical length  <2 mm 4 (8%) 3 (9.4%) ns
>25 mm 46 (92%) 29 (90.6%)

Mean uterocervical angle during examination (°) 85.2±22.4 94.7±25.6 0.001*

Uterocervical angle (°) <80.5° 29 (58%) 8 (25%) 0.007*
>80.5° 21 (42%) 24 (75%)

1Mann-Whitney U test; *p<0.01. ns: not significant 

Fig. 3. ROC curve.



preterm labor; however, we found no statistically signifi-
cant difference (p=0.436).

In a study investigating the association between obe-
sity and preterm labor, it was found in women with dif-
ferent body weights that preterm labor rate was 0.17% in
those with BMI=18.5–25, 0.21% in those with
BMI=25–30, 0.27% in those with BMI=30–35, and
0.52% in those with BMI >40, and it was highlighted that
preterm labor rates increase as BMI increases.[16] On the
other hand, Goldenberg et al. stated that low BMI signif-
icantly increases preterm labor risk in the preterm labor
etiology.[17] Body mass indexes of pregnant women in our
study vary between 18 and 40 kg/m2, and the mean and
median of BMI are 27.38±3.84 and 28 kg/m2, respective-
ly. In our study, the mean BMI was 27.12 in pregnant
women who underwent preterm labor, and 27.35 in
those who delivered at ≥37 weeks; we found statistically
no significant difference between the groups (p=0.807).

Cervical length measurement is one of the leading
methods used commonly to predict preterm birth. In the
study of Tsoi et al. consisting of 216 singleton pregnancy
cases associated with preterm birth, the authors reported
that only one (0.6%) of 173 cases whose cervical lengths
were 15 mm and higher underwent preterm labor, 16
(37.2%) of 43 pregnant women whose cervical lengths
were less than 15 mm delivered within a week.[18] In the
risk prediction study for preterm birth consisting of 730
cases, Tongsong et al. reported that the cut-off value of
cervical length was 35 mm. The sensitivity of this cut-off
value was 65.9±5.1% and selectivity was 62.4±5.2%. In
this related study, cervical length was found <35 mm in
2/3 of the patients who underwent preterm labor.[19] The
cervix lengths of the patients in our study vary between 10
and 48 mm, and the mean and median values were
34.16±7.08 and 36 mm, respectively. While the cervical
lengths of 9.4% of pregnant women who delivered before
37 weeks of gestation were less than 25 mm, only 6.3% of
them had cervical lengths less than 20 mm. The sensitiv-
ity, selectivity, positive prediction value and negative pre-
diction value of cervical lengths less than 20 mm were cal-
culated 6.25%, 94%, 40% and 61%, respectively, for
preterm labor. In consideration of the data of our study,
we concluded that cervical length is not a sufficient
method to predict preterm birth. Similarly, Bishop scores
which are a subjective examination finding varied between
0 and 8, and it was found 1.38±2.34 and 1.31±1.20 in the
control and study groups, respectively, which were not
significant in terms preterm birth (p=0.195).

On the other hand, we observed differences in the
weeks of gestation and cervical angles among the groups
in association with gravida, parity, abortion and vaginal
delivery histories in our study. While there is no differ-
ence between the study and control groups in terms of
cervix lengths, different cervical angles are remarkable
and questionable. It is clear that there will be changes in
the cervix structure of multiparous women together with
previous deliveries; we refer it "multiparous dilatation"
in the gynecological examinations. In this regards, utero-
cervical angle can be considered as a sonographic reflec-
tion of uterocervical sub-segment maturation in particu-
lar, although the change continues during the pregnan-
cy. Cervical length in multiparous patients and these
changes in the uterocervical angle are also expressed in
the literature.[20,21]

Uterocervical angle measurement was first investigat-
ed by Dziadosz et al. as a tool in the prediction of
preterm birth.[22] They performed cervical imaging by
transvaginal ultrasound in 972 singleton pregnant
women who admitted between 16 and 24 weeks of gesta-
tion. It was found that the cases with UCA >95° under-
went significantly more preterm labors before 37 weeks
of gestation (sensitivity 80%; p<0.001; negative predic-
tion value 95%), and the cases with UCA>105° under-
went more deliveries before 34 weeks of gestation (sensi-
tivity 81%; p<0.001; negative prediction value 99%). A
secondary result obtained in the same study was that cer-
vical length (<25 mm) is significant for the prediction of
preterm birth. However, since sensitivity is 62% and
negative prediction value is 95% in preterm births before
37 weeks of gestation and sensitivity is 63% and negative
prediction value is 97% in preterm births before 34
weeks of gestation, it has been concluded that UCA
measurement is more successful than cervical length
measurement for the prediction of preterm birth. These
data are also supported by similar studies.[21,23,24]

In our study, UCA measurements varied between 50
and 150° in 82 patients who admitted to the emergency
maternity clinic between 24 and 34 weeks of gestation,
the mean value was 88.91° and we calculated threshold
value 80.5° for uterocervical angle measurements
depending on the preterm birth (<37 weeks) incidence.
For this value, the sensitivity was 75%, selectivity was
58%, positive prediction value was 53.3% and negative
prediction value was 77.3%. The area under the ROC
curve obtained was 67%, and this area under curve was
statistically significant (AUC=0.655, 95% CI=0.532–
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0.777, p=0.019; p<0.05). The rate (75%) of uterocervical
angle being more than 80.5° in women whose weeks of
gestation are below 37 during delivery higher than the
rate of those whose weeks of gestation are 37 and above,
and it is statistically significant (p<0.01). These data are
also similar to the results of the study of Dziadosz et al.
UCA measurement in the prediction of preterm birth is
an important method with higher sensitivity, higher pos-
itive prediction value and lower negative prediction value
than cervical length measurement.

Conclusion
Today, preterm birth continues to be the most serious
reason for newborn mortality and morbidity. With its
results, our study, which we prepared to understand eti-
ological factors, develop early diagnostic methods and
tools, and to contribute raising healthier individuals by
taking diagnostic precautions, has shown that uterocer-
vical angle measurement is an important method for the
prediction of preterm birth. It is important and necessary
to do further investigations on this matter in terms of
developing diagnosis and treatment methods and achiev-
ing positive results.  

Conflicts of Interest: No conflicts declared.
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Özet: Fetal manyetik rezonans görüntüleme
endikasyonlar›n›n incelenmesi
Amaç: Fetal anatomiyi de¤erlendirmede ultrasonografi tercih edi-
len tarama yöntemi olmas›na ra¤men, h›zl› tarama tekniklerinin
geliflmesiyle fetal manyetik rezonans görüntüleme (MRG) giderek
daha fazla kullan›lmaktad›r. MRG, daha iyi doku kontrast› sa¤lar
ve sonografiden farkl› olarak, maternal obezite, fetal pozisyon, oli-
gohidramniyos veya kemik artefaktlardan önemli ölçüde etkilen-
mez. Fetal MRG genellikle kesin olmayan sonografik bulgular› te-
yit etmek veya fetal malformasyonlar›n ileri de¤erlendirilmesinde
endikedir. Amac›m›z, üçüncü basamak merkezimizde klinisyenler
taraf›ndan tercih edilen fetal MRG endikasyonlar›n› incelemektir. 

Yöntem: Üç y›ll›k dönemde fetal MRG yap›lan 112 olguyu ret-
rospektif olarak inceledik. Fetal lezyonlar› organ sistemlerine göre
s›n›fland›rd›k ve klinisyenlerin bu yönteme baflvurma nedenleri ile
tercih edilen endikasyonlar› ortaya koyduk. 

Bulgular: Fetal MRG incelemesine 112 fetüsten; 68’inde intrak-
raniyal anomaliler, 23’ünde maternal obezite, sekizinde intraabdo-
minal anomali, beflinde intratorasik anomaliler, dördünde spinal
kord anomalisi, bir olguda boyun anomalisi, bir olguda genitoüri-
ner anomali ve iki fetüste de di¤er anomaliler için baflvurulmufltur. 

Sonuç: ‹ntrakraniyal patoloji, en s›k saptanan alt grup ventrikülo-
megali olmak üzere, fetal MRG de¤erlendirmesi için majör endi-
kasyondu. Ventrikülomegali nedeniyle MRG ile ileri de¤erlendir-
me yap›lan olgular›n üçünde (%8.3) perinatal yönetimi de¤ifltiren
ek bulgular tespit edilmifltir. 

Anahtar sözcükler: Endikasyon, fetal, manyetik rezonans görün-
tüleme.
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Abstract

Objective: Although ultrasonography is the preferred screening
method for examining fetal anatomy, fetal magnetic resonance
imaging (MRI) has been used more widely upon the advancements
in rapid screening techniques. MRI provides a better tissue con-
trast, and unlike sonography, it is not affected significantly by
maternal obesity, fetal position, oligohydramnios, or bone arti-
facts. Fetal MRI is usually indicated for confirming uncertain
sonographic findings, or for the further evaluation of fetal malfor-
mations. Our purpose is to investigate fetal MRI indications pre-
ferred by the clinicians in our tertiary center. 

Methods: We retrospectively evaluated 112 cases which underwent
fetal MRI during a three-year period. We classified fetal lesions
according to the organ systems, and determined the reasons why cli-
nicians employed this method and the preferred indications. 

Results: Of 112 fetuses which required fetal MRI examination, 68
had intracranial anomalies, 23 had maternal obesity, 8 had intraab-
dominal anomaly, 5 had intrathoracic anomalies, 4 had spinal cord
anomaly, 1 had neck anomaly, 1 had genitourinary anomaly and 2
had other anomalies. 

Conclusion: Intracranial pathology was the major indication for
fetal MRI examination, as ventriculomegaly was the most frequent-
ly observed sub-group. We found additional findings changing the
perinatal management in three (8.3%) of the cases which underwent
further examination with MRI due to ventriculomegaly. 

Keywords: Fetal, indication, magnetic resonance imaging.
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Introduction
Ultrasonography (USG) is a preferred primary screen-
ing method compared other modalities in terms of
characteristics such as being cheaper, having no harm-
ful impact on mother and fetus and enabling real-time
imaging.[1,2] However, it has some restrictions such as
narrow field of view, fetal position dependency,
decreased image quality in case of maternal obesity and
oligohydramnios as well as difficulty in imaging
intracranial structures due to the ossification during
advanced weeks of gestation.[1–3] Therefore, when ultra-
sonography findings are uncertain or incomplete or
when sufficient imaging cannot be achieved, magnetic
resonance imaging (MRI) can provide a better perina-
tal consultancy and may play a substantial role in terms
of management.

Today, with the development of ultra-fast MRI
techniques and minimization of fetal movement arti-
facts, fetal MRI has become a more common practice.
MRI provides a better tissue contrast and multiplane
imaging opportunity, and unlike sonography, it is not
affected significantly by maternal obesity, fetal posi-
tion, oligohydramnios, or bone artifacts.[4,5]

Fetal MRI is usually indicated for confirming
uncertain sonographic findings, or for the further eval-
uation of fetal malformations. In this study, our aim is
to investigate MRI indications preferred during ante-
natal period by the clinicians in our tertiary center.

Methods
Fetal MRI cases, which were referred to the
Department of Gynecology and Obstetrics at
Süleyman Demirel University during 17–35 weeks of
gestation due to different indications between 2014
and 2018, were retrospectively investigated in the med-
ical database. The demographics, prenatal ultrasound
findings, and prenatal and postnatal MRI results of a
total of 112 cases were recorded.

All sonographic examinations were performed by
the clinicians, who had experience on obstetric sonog-
raphy, by using Voluson 730 and E6 ultrasonography
device (General Electric, Tiefenbach, Austria) with
2–7 mHz convex abdominal probe.

MRI examinations were done on supine or left-side
decubitus position without maternal-fetal sedation and

contrast substance but using phased-array body spiral
according to the week of gestation by 1.5 Tesla MRI
device (Magnetom Avento; Siemens Medical Solutions,
Erlangen, Germany). The interpretations were done by
the same radiologist who was experienced on fetal MRI.

Fetal lesions were classified according to the organ
systems. Sonography and MRI results were analyzed in
terms of conformity or inconsistencies. The reasons of
clinicians for employing this modality and preferred
indications were determined.

Results
The mean gestational age of the cases was 26.2 (range:
17 to 35) weeks. Of 112 fetuses which required fetal MRI
examination, 68 (60.7%) cases had intracranial anom-
alies, 23 (20.5%) cases had maternal obesity, 8 (7.1%)
cases had intraabdominal anomaly, 5 (4.4%) cases had
intrathoracic anomalies, 4 (3.5%) cases had spinal cord
anomaly, 1 (0.8%) case had neck anomaly, 1 (0.8%) case
had genitourinary anomaly and 2 (1.7%) cases had other
anomalies (Fig. 1). Intracranial pathology was the major
indication for fetal MRI examination, as ventricu-
lomegaly was found to be the most frequently observed
sub-group.

Intracranial anomalies

Of 68 patients, 36 (53%) were planned for the further
evaluation of ventriculomegaly found sonographically.
Seventeen cases referred to this modality for the evalua-
tion of posterior fossa anomalies (mega cisterna magna,
cerebellar hypoplasia/atrophy, Dandy-Walker malfor-

Fig. 1. The distribution of fetal MRI indications.
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mation) (Fig. 2), 9 cases for the further evaluation of
cavum septi pellucidi and corpus callosum anomalies, 2
cases for the evaluation of intracranial calcification and
one case for the evaluation of suspected space occupying
formation, and remaining 3 cases for the evaluation of
macrocephalus/dolichocephalic development (Fig. 3).

Of 68 cases, fetal MRI findings were found to be cor-
related with USG in 42 cases, and the findings in addi-
tion to antenatal sonography were found in 3 cases.
Gyral anomalies (lissencephalia and polygyria) which
could not be found by sonography in two cases and cor-
pus callosum agenesis in one case were established by
fetal MRI (Fig. 4).

In terms of postnatal results, additional imaging was
performed for the confirmation of 26 cases which were
established normal by MRI; 8 out of 16 cases who were
found to have isolated mild ventriculomegaly were
established normal in the postnatal imaging. Ten of 42
cases were recommended termination, and the termina-
tion was carried out in five cases; one of them was the
case with corpus callosum agenesis which could not be

found in the prenatal sonography but established by
MRI. The case found to have lissencephalia was recom-
mended termination, but the family decided to continue
the pregnancy. Distal trisomy 15q syndrome was diag-
nosed in the case which was evaluated due to dolicho-
cephaly and mild ventriculomegaly and found to have
also polygyria in fetal MRI; however, the family was not

Fig. 2. In the fetus with Dandy-Walker malformation, wide posterior fossa and cerebellar vermian agenesis (arrow) in (a) sagittal and (b) trans-
axial sections.

Fig. 3. The distribution of the indications associated with intracranial
reasons.
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recommended termination due to the advanced week of
gestation.

Intrathoracic anomalies

This method was employed for the pulmonary volume
evaluation due to the congenital diaphragmatic hernia in
3 out of 5 cases and for the suspected pulmonary seques-
tration confirmed by MRI in two cases. While termina-
tion was carried out in one of the cases with diaphrag-
matic hernia due to the poor prognostic factors con-
firmed by MRI, follow-up was decided in other two cases
after informing family.

In three cases with intraabdominal anomalies, the
cyst/mass suspected in different locations within fetal
abdomen during sonographic examination could not be
confirmed by MRI. In one case, this modality was
referred in terms of gastroschisis/ruptured omophalocele
distinction for the further evaluation of abdominal ante-
rior wall defect and the case was determined to have gas-
troschisis. Fetal MRI was requested in four cases, in
terms of tracheoesophageal fistula/atresia examination in
cases with polyhydramnios whose stomach was imaged as
small/could not be imaged by sonography, and when

esophageal atresia was found in one of these cases, con-
sultation and operation planning were carried out with
pediatric surgery clinic during prenatal period.

In two of the four cases with spinal cord anomalies,
this modality was employed in order to determine the
width of neural tube defect observed in the sonography
for prognosis purposes and for the mass suspicion in
remaining two cases, while diastematomyelia was found
in one of these cases. This modality was used in one case
with neck anomalies, due to the suspected fetal goiter
which could not be confirmed by MRI. Fetal MRI was
requested for renal evaluation in one case with oligohy-
dramnios as well as urogenital tract anomalies, and poly-
cystic kidney was found (Fig. 5). This case was lost with
intrauterine loss in the further weeks.

Other indications

MRI was requested in 23 cases when it was considered
that sonography was insufficient for fetal evaluation due
to maternal obesity. Elevated alpha-feto protein (AFP)
was found in the eight of these cases during the triple
screening test, but fetal dorsal evaluation was insuffi-
cient. Ventriculomegaly was observed in one of 23 cases,

Fig. 4. Severe ventriculomegaly and lissencephaly views in (a) axial, (b) coronal and (c) sagittal sections.

a b c
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but no anomaly was found in other cases during fetal
MRI. MRI method was referred in one case found to
have placenta previa in order to evaluate placental adhe-
sion anomalies (Fig. 6) as well as for the further evalua-
tion in one case observed to have wide amniotic sheet. 

Discussion
Although ultrasonography is always the basis of antena-
tal imaging, fetal MRI has becoming a significant com-
plementary method for prenatal diagnosis. Unlike X-ray
and computed tomography screenings, MRI does not
use ionizing radiation. Many studies even including
pregnant MRI technicians have shown that MRI is safe
and does not have adverse clinical effects.[6–8] Although
the safety of MRI has been still investigated, there is no
evidence that it has harmful effects on human embryos
or fetuses.[9–11] However, in practice, it is preferred to Fig. 5. MRI image consistent with bilateral polycystic kidney.

Fig. 6. The view consistent with focal invasion area (arrow) in the case with placenta previa (a and b).

ba
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wait until second trimester due to cautious approach in
terms of teratogenicity, low signal-to-noise ratio in
younger fetuses, increased fetal movement and insuffi-
cient organ development for evaluation. It is avoided to
use intravenous contrast substance since there is no
proven safety level.[12,13] In our center, the earliest exami-
nation was done at 17 weeks, and fetal MRI method was
not employed for any case during first trimester.

Fetal MRI is used primarily to confirm the presence
of an anomaly suspected sonographically. In addition to
the characterization of the anomaly, it may provide addi-
tional findings which are not found by ultrasonography.
Fetal MRI indications may vary among centers due to
various factors such as regional differences in perinatal
management, experience of physician and technician,
presence of appropriate device and access to fetal sur-
gery.[3] In some centers, fetal MRI is used even in the
presence of normal ultrasound when it is considered that
fetus is under great risk.[14]

Suspicious central nervous system anomalies, brain
anomalies in particular, are the most common indica-
tions for fetal MRI. Ventriculomegaly, posterior fossa
and corpus callosum anomalies have been determined as
the most common three indications for fetal cerebral
MRI.[3–5,15] In our study, intracranial pathology was the
major indication for fetal MRI examination, as ventricu-
lomegaly was the most frequently observed sub-group.

In a significant number of fetuses found to have ven-
triculomegaly may have a concomitant structural or
chromosomal abnormality. Since those with isolated
ventriculomegaly have a better neurodevelopmental
result, presence or absence of a concomitant anomaly
has an important impact on the prognosis.[2,6] Although
ventriculomegaly can be seen better by ultrasound, con-
comitant anomalies cannot be observed by sonographic
examination. It is considered that the additional benefit
of fetal MRI compared to USG can be observed in two
different areas; first one is that additional diagnostic data
are obtained without making any change in the treat-
ment plan of pregnancy, and second one is that the addi-
tional diagnostic data obtained by MRI leads to changes
on further approach for pregnancy. For example, Rossi
and Prefumo confirmed USG findings by MRI in
65.4% of the cases while they obtained additional find-
ings in 22.1% of the fetuses. In as high as 30% of the
cases, MRI and sonography were highly different from
each other, and this difference led to change in perinatal
management. The disagreement was observed mostly

on midline anomalies.[16] In the study of Amini et al., the
authors confirmed sonography results by MRI in 55%
of the cases without any additional finding, found addi-
tional findings in 35% of the cases which did not change
perinatal management, and they found additional find-
ings in 10% of the cases which changed gestational
approach. The pregnancies were terminated in these
cases in the light of new data.[17] In our study, we found
additional anomalies in 3 of 36 cases which underwent
fetal MRI due to ventriculomegaly, and MRI con-
tributed to the consultancy for fetal prognosis. While we
offered the termination option in two of these cases, we
ruled out this option in other case due to the advanced
week of gestation, but planned the postnatal manage-
ment of newborn during prenatal period in consultation
with related departments.

In corpus callosum and posterior fossa anomalies, the
multiplane characteristics of MRI enable the detailed
evaluation of these structures, and it is also beneficial to
identify concomitant anomalies which are important for
the prognosis.[15] Pulmonary hypoplasia in fetuses with
congenital diaphragmatic hernia is the most important
factor affecting neonatal mortality and morbidity.[1–3] As
we preferred in our clinic, pulmonary volume measure-
ments by fetal MRI contributes to the perinatal manage-
ment via neonatal survival prediction. In the study of
Lee et al. where the authors investigated the congenital
diaphragmatic hernia by total pulmonary volume
obtained via fetal MRI, they reported that the survival
rate was 90% in the patients with total pulmonary vol-
ume higher than 40 mL, and 35% in those with less than
20 mL. A significant relationship has been observed
between total pulmonary volume and need for extracor-
poreal membrane oxygenation.[18] In one of the three
cases with diaphragmatic hernia in our study, we
planned termination in the light of the data we obtained
by MRI, and we decided to follow up other three cases
considering the good prognosis.

Despite the significant technical improvements in
obstetric ultrasonography, there are difficulties encoun-
tered for the fetal sonography in this patient group due
to the negative impacts of maternal obesity on the dis-
persion of sound waves.[19] The previous studies have
focused on the difficulties for obtaining sufficient images
for the evaluation of cardiac and cerebrospinal fluids in
particular. It is suggested to use complementary imaging
modalities such as fetal MRI in order to overcome the
negative impacts of obesity on the obstetric imaging .[20]
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In our center, we referred to fetal MRI method for the
evaluation of abdominal anterior wall and fetal dorsal
imaging in 23 cases for which fetal sonography was
insufficient due to obesity and AFP values used particu-
larly for the screening of neural tube defect were high.
MRI is not superior to fetal echocardiography for the
evaluation of fetal cardiac structures. Therefore, its
additional contribution for this patient group is contro-
versial.[3] We found no patient which underwent MRI
examination due to cardiac anomaly.

Conclusion
In conclusion, fetal MRI has been used more widely for
proper perinatal management and consultancy in cases
where sonography is insufficient. More availability of
MRI devices, increased expertise in this field and further
advancements in MRI technology will lead to more
common use of this modality in the perinatology field.
However, unnecessary use of fetal MRI is associated
with the anxiety of patient and increased cost burden.
The collaboration of clinicians, who play a role in the
obstetric management, with radiologists is beneficial for
the selection of proper indications and the prevention of
unnecessary practices. 

Conflicts of Interest: No conflicts declared.
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The predictive value of total leukocyte count and
leukocyte differential for severe preeclampsia
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Özet: Toplam lökosit say›s›n›n ve lökosit de¤er
fark›n›n fliddetli preeklampsiye yönelik kestirim de¤eri
Amaç: Çal›flmam›zda, eflleflen normal gebelerle karfl›laflt›rarak pre-
eklampsili (PE) gebelerde lökosit, nötrofil, lenfosit, monosit say›-
lar›n› ve nötrofil/lenfosit oran›n›, trombosit/lenfosit oran› seviye-
lerini incelemeyi ve preeklampsinin fliddeti ile bu hematolojik pa-
rametreler aras›nda bir iliflki olup olmad›¤›n› de¤erlendirmeyi
amaçlad›k. 
Yöntem: Retrospektif, tan›mlay›c›, kesitsel çal›flma 186 kad›n üze-
rinde gerçeklefltirilmifl olup, bunlar›n 72’si sa¤l›kl› gebe ve 114’ü ise
preeklampsili gebe idi [fliddetli grup (n=41) ve fliddetli klinik özellik-
leri olmayan grup (hafif PE; n=73)]. Hastalar›n klinik ve hemodina-
mik durumu ve laboratuvar parametreleri t›bbi kay›tlardan al›nd›.
Toplam lökosit ve nötrofil say›s›, MPV, NLR ve PLR’nin preek-
lampsi fliddetine yönelik kestirim de¤eri, karar vericinin etkinli¤i -
e¤ri alt›ndaki alan (ROC-AUC) kullan›larak de¤erlendirildi. 
Bulgular: Preeklampsi hastalar› ile sa¤l›kl› gebeler aras›nda ma-
ternal yafl bak›m›ndan anlaml› fark yoktu; ancak PE hastalar› an-
laml› derecede daha yüksek kan bas›nc› ve proteinüri seviyeleri ile
do¤um esnas›nda anlaml› derecede daha düflük gebelik yafl›na sa-
hipti. Medyan lökosit say›s›, sa¤l›kl› gebelerle k›yasland›¤›nda ha-
fif ve fliddetli preeklampsi olgular›nda anlaml› derecede (9450/μL)
ve fliddetli PE olgular›nda (12.100/μL) hafif PE olgular›ndan
(11.450/μL) anlaml› derecede daha yüksekti. Medyan nötrofil ve
lenfosit say›lar›, sa¤l›kl› gebelere k›yasla fliddetli PE grubunda an-
laml› derecede daha yüksekti. Lökosit say›s›n›n, hastaneye baflvuru
esnas›nda fliddetli preeklampsi varl›¤› ile iliflki oldu¤u bulundu
(Risk Oran›: 1.0002, %95 GA: 1.0001– 1.0003; p=0.0001). Toplam
lökosit say›s›, 0.696’l›k ROC-AUC ile fliddetli preeklampsi için dü-
flük kestirim de¤erine sahipti (p=0.0001; duyarl›l›k ve özgüllük s›ra-
s›yla %65.9 ve %65.5 idi). Maksimum duyarl›l›k ve özgüllük eflik de-
¤eri 0.191 olarak bulundu (tam lökosit say›s›: 10.890/μL). Nötrofil
say›s›, MPV, NLR ve PLR'nin fliddetli preeklampsiye yönelik ROC-
AUC de¤eri s›ras›yla 0.632, 0.564, 0.534 ve 0.588 idi. 
Sonuç: Lökosit say›s›, sa¤l›kl› gebelere k›yasla preeklampsili ka-
d›nlarda anlaml› derecede artmaktad›r. Toplam lökosit say›s›n›n
fliddetli preeklampsiye yönelik kestirim de¤eri düflüktür. Nötrofil
say›s›, MPV, NLR ve PLR fliddetli preeklampsi için düflük kesti-
rim de¤erine sahiptir. 

Anahtar sözcükler: Preeklampsi, lökosit, lökosit de¤er farklar›, tam
kan say›m›, gebelik.
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Abstract

Objective: We aimed to evaluate the leukocyte, neutrophil, lym-
phocyte, monocyte counts and the neutrophil/lymphocyte ratio,
platelet/lymphocyte ratio levels in pregnant women with
preeclampsia (PE) compared with matched normal pregnant
women and to assess whether there is a relation between severity of
preeclampsia and these hematological parameters. 
Methods: A retrospective, descriptive, cross-sectional study was per-
formed in 186 women: 72 healthy pregnant women and 114 women
with PE [severe group (n=41) and without severe clinical features group
(mild PE; n=73)]. The clinical and hemodynamic status and the labo-
ratory parameters of patients were obtained from medical records. The
predictive value of total leukocyte and neutrophil count, MPV, NLR
and PLR for the severity of preeclampsia was assessed by using a
receiver operator characteristic-area under the curve (ROC-AUC). 
Results: There were no significant differences between patients with
PE and healthy pregnant women with regard to maternal age; howev-
er, patients with PE exhibited significantly higher blood pressure and
proteinuria levels and significantly lower gestational age at delivery.
Median leukocyte count was found to be significantly higher in mild
and severe preeclampsia compared with healthy pregnant women
(9450/μL) and significantly higher in severe PE (12,100/μL) than in
mild PE (11,450/μL). Median neutrophil and lymphocyte counts were
significantly higher in severe PE group than healthy pregnant women.
Leukocyte count was found to be related to the presence of severe
preeclampsia at admission to hospital (OR: 1.0002, 95% CI: 1.0001–
1.0003; p=0.0001). The total leukocyte count had a poor predictive
value for severe preeclampsia with an ROC-AUC with 0.696 (p=
0.0001; the sensitivity and specificity were 65.9% and 65.5%, respec-
tively). The maximum sensitivity and specificity cut-off point was
found to be 0.191 (pointed number of leukocytes 10,890/μL). ROC-
AUC of the neutrophil count, MPV, NLR and PLR for severe
preeclampsia were 0.632, 0.564, 0.534 and 0.588, respectively. 
Conclusion: Leukocyte count is significantly increased in women
with preeclampsia compared to healthy pregnant women. The pre-
dictive value of total leukocyte count for severe preeclampsia is poor.
The neutrophil count, MPV, NLR and PLR have poor predictive
value for severe preeclampsia. 

Keywords: Preeclampsia, leukocyte, leukocyte differentials, com-
plete blood count, pregnancy.



Introduction
Preeclampsia (PE) is a placental and systemic disorder
characterized by a high degree of systemic inflammation,
compared with normal pregnancy. It is also an important
cause of maternal and perinatal morbidity and mortality.
Clinical symptoms such as hypertension and proteinuria
occur after 20 weeks of gestation.[1] The pathological
changes causing the symptoms are not clearly under-
stood. However, it is supposed to begin with the failure
of extravillous trophoblast cells invasion into maternal
spiral arteries.[2] This process causes placental hypoxia
and triggers the increase in the lipid peroxidation, leuko-
cyte activation and stimulation of proinflammatory
cytokines. Activated leukocytes release several sub-
stances, which may affect vascular tone directly by con-
tracting smooth muscle and indirectly by inactivating
endothelium-derived relaxing factor.[3] Interactions
among the activated leukocytes,[4] syncytiotrophoblast[5]

microvillus membrane, platelets and vascular endotheli-
um also contribute to the vascular injury in the pregnan-
cy-associated hypertension disorder.[6]

Total leukocyte and leukocyte differential counts are
well known inflammatory biomarkers. They have prog-
nostic value for several inflammatory conditions.[7] Mean
platelet volume (MPV), neutrophil-lymphocyte ratio
(NLR) and platelet-lymphocyte ratio (PLR) could be
obtained from simplifying a complete blood count
(CBC). CBC parameters as well as several acute phase
reactants[8] and activated innate immune cells[9–12] have
been studied in patients with PE for the prediction of
disease severity and this contributes towards the under-
standing of the pathogenesis of PE.

Serious complications of preeclampsia including
maternal, neonatal mortality are related with severity of
disease. Prediction of severe preeclampsia at the first
admission with an easily accessible method would opti-
mize both the management of women with preeclampsia
and the use of resources and reduce the poor conse-
quences of disease. In this study, we aimed to investigate
the predictive power of leukocyte, leukocyte differentials
count, NLR and PLR levels for severe preeclampsia. 

Methods
The study was designed as a retrospective, descriptive,
cross-sectional study. The study population included 72
healthy pregnant women (control group) and 114

women with PE (preeclampsia group) admitted to the
obstetrics ward at our hospital.

Patient with PE were further categorized into severe
group (n=41) and without severe clinical features (mild
PE) group (n=73), based on the severity of the clinical
symptoms. Women who had diabetes mellitus, gesta-
tional diabetes, coagulation disorders, renal diseases,
chronic hypertension, vascular complications and any
fetal malformations were excluded from this study. The
Institution’s medical ethics committee approved the
study protocols.

The diagnosis of PE was established according to the
guidelines of the American Congress of Obstetricians
and Gynecologists (ACOG) (2013).[13] High blood pres-
sure was defined as systolic blood pressure (SBP) ≥140
mmHg and/ or diastolic blood pressure (DBP) ≥90
mmHg on at least two measurements at least 4 hours
apart. Proteinuria was defined as a dipstick reading ≥1+.
According to the guidelines of ACOG, severe PE was
defined as SBP ≥160 mmHg or DBP ≥110 mmHg,
thrombocytopenia (platelet count <100,000/μL), renal
insufficiency (serum creatinine concentration >1.1
mg/dL), impaired liver function (elevated liver enzymes
to twice of normal concentration, associated with epi-
gastric or right upper-quadrant pain), pulmonary
edema, new-onset cerebral or visual disturbance.

After admission to the hospital, close monitoring of
the women with PE was performed with serial assess-
ment of maternal symptoms and fetal movement along
with serial measurements of blood pressure (BP).
Women with PE having a persistent BP levels of 150
mmHg systolic or 100 mmHg diastolic or both were
treated with antihypertensive medications. The intra-
partum-postpartum regimen of magnesium sulphate
was started in women with severe PE to prevent the
development of eclampsia.

Maternal age, gestational age, laboratory findings
such as CBC, aspartate transaminase (AST) and ala-
nine transaminase (ALT) levels and the level of urinary
protein with dipstick at the time of admission were
obtained from patients' medical records. Urinary pro-
tein was tested using a urine dipstick. Detectable uri-
nary protein was defined as >1+ by dipstick and record-
ed as its folds. Neonatal outcomes were defined as
Apgar scores at the 1st–5th min of life, birth weight,
need for admission to neonatal intensive care unit
(NICU) and neonatal death.
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All blood samples were drawn from a brachial vein
into sterile EDTA tubes. CBC was automatically ana-
lyzed (with ABBOT CELL-DYN 3700 blood count
equipment) within 30 min. The number of leukocytes
(1000/μL) and its differentials as neutrophils (1000/μL),
lymphocytes (1000/μL) and monocytes (1000/μL) and
platelets (1000/μL) were recorded. NLR and PLR were
calculated using these parameters. Hemoglobin levels
(g/dL) and MPV obtained from the patient’s whole
blood count were also recorded.

Statistical analyses were performed using R Statistical
Software (www.r-project.org) a free software environ-
ment for statistical computing and graphics. Baseline
characteristics of the groups were presented as median,
interquartile range (IQR), minimum and maximum val-
ues.  The Shapiro-Wilk’s test, boxplots, PP and QQ
plots were used to analyze the data distribution. Baseline
characteristics, age, clinical and laboratory variables
excluding spot urine proteinuria were compared by
Kruskal-Wallis test and the associated p values were
given. Dunn’s multiple comparison test was used after
significant Kruskal-Wallis tests. Dunn’s test function in
FAS package of R statistical program is used for multiple
comparisons. The p-values adjusted with Holm correc-
tion were given. Spot urine proteinuria between mild
and severe preeclampsia groups was compared using
Mann-Whitney U test.  

Correlations of proteinuria and leukocyte, neu-
trophil, MPV, PLR NLR were assessed by Spearman’s
rank correlation test. The association between stages of
preeclampsia and admission to NICU and perinatal
mortality were tested using Fisher’s exact test.
Receiver operating curve (ROC) analyses were con-
strued to evaluate diagnostic performances and to
determine the optimal cut-off values for leukocyte and
neutrophil biomarkers in preeclampsia patients.
Youden’s index (maximum sensitivity + specificity – 1)
was used as an optimization criterion for cut-off values.
The area under the receiver operating characteristic
(ROC) curves was used to assess the discriminative
ability of leukocyte and neutrophil for severe
preeclampsia. Epi and verification packages were used
for ROC curve estimations. The p-value produced for
AUC is related to the Mann-Whitney U statistics. For
all analyses, the p-value of p<0.05 was considered sta-
tistically significant. 

Results
There was no significant difference in maternal age
across three groups. Significant differences were
noticed in the severe PE group such as increase in sys-
tolic and diastolic BPs, AST, ALT and proteinuria lev-
els, and also decrease in gestational age at delivery.
Table 1 shows the demographic and clinical data of
study population and neonatal outcomes of the study
groups.

The results for comparison of CBC parameters in
normal pregnant controls and in women with mild and
severe PE are presented in Table 1. Leukocyte count
was found significantly different among the three groups.
Severe PE group had the highest median leukocyte count
(12,100×1000 /μL). Neutrophil and lymphocyte counts
were found significantly different among the control and
PE groups. There was a significant association at admis-
sion to NICU, perinatal mortality in group of PE (mild
and severe) with p values of 0.031 and 0.028 respectively.
Admission to NICU and mortality percentages were sig-
nificantly higher for severe PE group than mild PE
group. The significant differences in Table 1 were fol-
lowed with pairwise comparisons and results were also
presented in Table 2.

In this study, logistic regression analysis was used to
identify the risk factors for the presence of severe PE
during hospital admission. We found that in the reduced
model, total leukocyte count has a statistically significant
relationship with severe PE at the time of admission to
the hospital (p<0.0001).

We also analyzed the performance of CBC parame-
ters, MPV, NLR, and PLR in predicting the severity of
PE using ROC curves and comparing with AUC. An
AUC of >0.7 was considered the minimum to indicate as
adequately. The performance associated with these
parameters were considered from fair (0.5<AUC≤0.7) to
good (0.7<AUC≤0.9).

The total leukocyte count has a poor predictive value
for severe PE with an AUC of 0.696 (p=0.0001); the sen-
sitivity and specificity were 65.9% and 65.5%, respec-
tively. The maximum sensitivity and specificity cut-off
point was at 0.191 [pointed number of leukocytes=
10,890 (1000/μL)] (Fig. 1). The neutrophil count, MPV,
NLR and PLR have very fair predictive values for severe
PE with AUC of 0.632, 0.564, 0.534 and 0.588, respec-
tively (Fig. 2).
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Discussion
Early detection and prediction of severe PE has gath-
ered the attention of many researchers who have
aimed to protect the mother and the baby from the
detrimental effects of PE. They have performed sever-
al studies using clinical and laboratory predictors.[10]

The diagnostic value of CBC parameters has been

emphasized in inflammatory diseases (i.e. diabetes
mellitus, coronary artery disease, ulcerative colitis and
cancers).[11] These parameters are also reported as sen-
sitive markers of inflammation.[12] However, the corre-
lation between the severity of PE and the several com-
plete blood count parameters has continued to be
debatable.

Table 2. Comparison of complete blood parameters among groups. 

Healthy (n=72) Mild PE (n=73) Severe PE (n=41)

Median (IQR) Median (IQR) Median (IQR) p-value

Hemoglobin (g/dl) 11.5 (2.1) 12 (1.2) 12 (2) 0.066

Platelets (1×103/μL) 200.5 (61.3) 214 (102) 201 (80) 0.218

Total leukocyte count (1×103/μL) 9450 (2725) 11.450 (3900) 12.100 (5100) <0.001*

Differential (1×103/μL) Neutrophils 6.9 (2.97) 8.1 (3.70) 8.3 (5.80) <0.001*

Lymphocytes 1.9 (0.53) 2 (1) 2.3 (1.4) 0.03

Monocytes 0.6 (0.20) 0.6 (0.2) 0.6 (0.4) 0.368

MPV (fl) 8.85 (3.25) 10 (1.6) 10 (2) 0.064

NLR 3.7 (2.2) 3.72 (1.99) 3.94 (3.81) 0.689

PLR 106.3 (63.66) 102.9 (52.1) 98.2 (62.7) 0.19

IQR: interquartile range; MPV: mean platelet volume; NLR: neutrophil-lymphocyte ratio; PLR: platelet-lymphocyte ratio. *p<0.05

Table 1. Characteristics of healthy pregnant, mild and severe preeclampsia groups. 

Healthy (n=72) Mild PE (n=73) Severe PE (n=41)

Median (IQR) Median (IQR) Median (IQR) p-value

Age, year  29.3 (8.25) 30 (9) 27.9 (9) 0.1747

Gestational age, week 39 (1) 37 (4) 34 (6) <0.001*

SBP, mm Hg 110 (20) 160 (30) 160 (30) <0.001*

DBP, mm Hg 70 (10) 100 (10) 100 (10) <0.001*

ALT, U/L 10.5 (6.3) 14 (8) 15 (19) <0.001*

AST, U/L 17.5 (7.9) 22 (11) 30 (17) <0.001*

Spot urine  protein (+) (-) 2 (1) 3 (1) <0.001*

Hemoglobin (g/dl) 11.5 (2.1) 12 (1.2) 12 (2) 0.066

Platelets (1×103/μL) 200.5 (61.3) 214 (102) 201 (80) 0.218

Total leukocyte count (1×103/μL) 9450 (2725) 11.450 (3900) 12.100 (5100) <0.001*

Differential (1×103/μL) Neutrophils 6.9 (2.97) 8.1 (3.70) 8.3 (5.80) <0.001*

Lymphocytes 1.9 (0.53) 2 (1) 2.3 (1.4) 0.03

Monocytes 0.6 (0.20) 0.6 (0.2) 0.6 (0.4) 0.368

MPV (fl) 8.85 (3.25) 10 (1.6) 10 (2) 0.064

NLR 3.7 (2.2) 3.72 (1.99) 3.94 (3.81) 0.689

PLR 106.3 (63.66) 102.9 (52.1) 98.2 (62.7) 0.19

Continuous variables were presented as median (IQR); categorical variables were presented as number (%). ALT: alanine transaminase; AST: aspartate transaminase; DBP:
diastolic blood pressure; IQR: interquartile range; MPV: mean platelet volume; NICU: neonatal intensive care unit; NLR: neutrophil-lymphocyte ratio; PE: preeclampsia; PLR:
platelet-lymphocyte ratio; SBP: systolic blood pressure. *p<0.05



In this study, we aimed to investigate the relationship
between CBC parameters and the severity of PE and to
determine the predictive power of each parameter of
CBC for predicting the severity of disease.[14] Our results
showed that the leukocyte count was significantly
increased in women with mild and severe PE compared
with healthy pregnant control women. The leukocyte
count for severe PE was significantly higher than that for
mild PE. These findings support a study performed by
Özdemirci et al. and Ozkaya et al., who reported leuko-
cyte count above 16,000/μL is an independent predictor
of severe PE.[15,16] In another study, it was reported that
there were statistically increased leukocyte and neu-
trophil counts in healthy pregnant women and women
with PE compared with non-pregnant women. But these
parameters could not be considered specific for PE or
normal pregnancy.[17]

Immune system is greatly affected by physiology of
pregnancy and is mainly characterized by increasing acti-
vation of peripheral blood leukocytes.[18] Preeclamptic
condition is an exacerbation of this situation due to the
lack of maintenance of control pathways like membrane
glutathione activity as observed in normal pregnancy.
The other characteristics of systemic inflammation in PE
are the lack of symmetry in distribution of T lymphocyte
subgroups and predominance of Th1-type immunity.
Furthermore, the placental hypoxia resulting from utero-
placental arterial invasion insufficiency triggers the
release of inflammatory stimuli (i.e. lipid peroxidation,
leukocyte activation and increase in proinflammatory
cytokine production) into the maternal circulation and
contributes to systemic inflammation in PE.[6,19]

In pregnant women, leukocytosis is mainly due to
increase in the neutrophil count.[20] Increase in the corti-
sol level triggers the mobilization of the leukocyte pool,
and increase in the concentration of granulocyte-
macrophage colony stimulating factor may also con-
tribute to the increase in white blood cell count.[21] We
focused on the differential of total leukocyte count (i.e.
neutrophil, lymphocyte and monocyte) and found that
these leukocyte differentials were significantly increased
in severe PE group as compared with healthy pregnant
group. Especially there was a significant increase in neu-
trophil counts in severe PE compared with the control
group. But, this increase was not observed in mild PE
and severe PE groups. These results correlate with the
study findings revealed by Canzoneri et al.[20] Another
study has demonstrated that there was an increase in
neutrophil activation and production of superoxide in
PE compared to normal pregnancy, and emphasized
that the products of this activation play an important
role in giving rise to endothelial damage and dysfunc-
tion.[18]

We also compared the MPV, NLR and PLR
between normal healthy pregnancy and preeclamptic
pregnancy, but the results did not reveal any significant
differences between these two groups. We found that
the increase in leukocyte and neutrophil counts are
associated with severity of PE. The predictive value of
total leukocyte count among with PE neutrophil count,
MPV, NLR and PLR were found uncorrelated for
severe PE and Mihu et al. have reported significant
increase in leukocyte and neutrophil count in PE preg-
nancy and also emphasized that these parameters were

Volume 26 | Issue 1 | April 2018

The predictive value of total leukocyte count and leukocyte differential for severe preeclampsia

29

Fig. 1. ROC curve to predict severe preeclampsia based on leuko-
cyte.

Fig. 2. ROC curve to predict severe preeclampsia based on mater-
nal blood neutrophil count.



not specific for the preeclamptic women.[17] In several
studies, NLR was reported to be significantly higher in
PE than healthy pregnant women.[10,11,19,21,22] On the
other hand, opposite results were noticed about using of
NLR as a marker to predict the severity of PE.[10,11,23]

The relation between MPV and severity of PE is
another debatable issue. In our study, there were no
significant differences in the PE subgroups as com-
pared with the healthy pregnant group. Some previous
reports have claimed similar results as our study that
PE does not affect MPV.[22,24–26] Yavuzcan et al. have
reported that there is no statistically significant differ-
ence between the PE group and control group in terms
of MPV and PLR.[22] Toptas et al. noticed that NLR
and PLR are not significantly changed between these
groups.[24] However, Ozdemirci et al., reported that
MPV was higher in the PE group as compared with the
control subgroups[15] and could be used as a predictive
marker for severe PE.

Regarding neonatal status at birth, we found that
gestational age, birth weight and Apgar score were sig-
nificantly lower in severe PE group compared to mild
PE and healthy pregnant groups. But, we did not com-
pare these three groups in terms of NICU admission
and neonatal mortality due to missing data in healthy
pregnant group. However, these parameters were
found significantly higher in severe PE group than in
mild PE group. We found the demographic data cor-
related with the literature[27] and neonatal outcomes
also correlated with the reviewed literature.[28,29]

Conclusion
In conclusion, the idea that CBC can predict the inflam-
matory state and severity of PE is extremely attractive
but lacks in reproducibility and validity. Further studies
are needed to find powerful predictive parameters for
severity of PE to reduce maternal and neonatal morbid-
ity and mortality. 

Conflicts of Interest: No conflicts declared.
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Özet: Membran rüptürlü gebeliklerde amniyotik 
s›v› s›z›nt›s›ndan kromozom analizi için fetal 
hücre tespiti
Amaç: Bu çal›flmada amac›m›z, amniyotik membran rüptürlü ge-
beliklerde floresan in situ hibridizasyon (FISH) ile prenatal kro-
mozom analizi için vajinal olarak elde edilen amniyotik s›v› örne¤i
kullan›m›n›n fizibilitesini de¤erlendirmektir. 
Yöntem: Fetal cinsiyetin erkek oldu¤unun bilindi¤i 24 gebe çal›fl-
maya dahil edildi. Tüm gebeler, miad›nda veya preterm gebelikte
yapay (AROM) veya spontan (SROM) rüptüre membrana sahipti.
Örnekler spekulum muayenesi s›ras›nda amniyotik s›v› s›z›nt›s›n-
dan al›nd› ve lamlar, kromozom X ve Y’ye özel problar kullan›la-
rak FISH için haz›rland›. Fetal hücre tespiti oran›, XY çekirdekle-
ri yüzdesi olarak hesapland›. Örnek hacmi, mukus varl›¤›, kan var-
l›¤›, gestasyonel yafl, yapaya karfl› spontan membran rüptürü ve ör-
nek ifllemeye kadar geçen süre, fetal hücre tespiti oran› bak›m›n-
dan karfl›laflt›r›ld›. 
Bulgular: On iki AROM (%50) ve 12 SROM (%50) hastas› mev-
cuttu. Bunlardan yaln›zca ikisi (%8.3) preterm idi. Örneklerin alt›s›
(%25) kanl›yd› ve 16’s› (%66.6) makroskopik olarak müközdü. Tek-
nik hatalar›n (n=4) hariç tutulmas› sonras›nda FISH ile tespit edile-
bilen erkek fetüslerin oran› %100 idi (%95 GA: %86, %100). Ge-
nel olarak fetal hücre tespiti oran› %6.4'tü. AROM sonras›nda al›-
nan örnekler, örnekte kan varl›¤› için düzenleme yap›lmas›n›n ar-
d›ndan SROM’a k›yasla daha yüksek s›n›rda fetal hücre oran›na sa-
hipti (p=0.07). Ayr›ca kanl› örnekler, kanl› olmayan örneklerden an-
laml› derecede daha yüksek fetal hücre yüzdesine sahipti (p=0.01). 
Sonuç: ‹nterfaz FISH ile prenatal kromozom analizi için amniyotik
s›v› al›m›, membran rüptürlü hastalarda elveriflli, invaziv olmayan ve
makul bir yaklafl›md›r ve endike oldu¤unda, fetüsün erkek oldu¤u
bilinen gebeliklerde preterm erken membran rüptürü üzerinde ba-
flar›l› olabilir. Difli fetüslerde daha yüksek özgüllük ile fetal hücrele-
ri ay›rt etmeye yönelik moleküler analizin de¤erini de¤erlendirmek
için daha fazla çal›flmaya ihtiyaç vard›r. 

Anahtar sözcükler: Floresan in situ hibridizasyon, membran rüptü-
rü, gebelik, vajinal.
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Abstract

Objective: In this study, our goal was to assess the feasibility of
using vaginally obtained amniotic fluid samples for prenatal chro-
mosome analysis by fluorescence in situ hybridization (FISH) in
pregnancies with ruptured amniotic membranes. 
Methods: Twenty-four pregnant women with known male fetal gen-
der were retrieved for the study. All had ruptured membranes either
artificially (AROM) or spontaneous (SROM) at term or at preterm
gestations (PPROM). Samples from leaking amniotic fluid were col-
lected during speculum examinations and slides were prepared for
FISH using probes specific for chromosomes X and Y. Fetal cell detec-
tion rate was calculated as percentage of XY nuclei. Specimen volume,
presence of mucus, presence of blood, gestational age, artificial versus
spontaneous rupture of membranes and time elapsed until specimen
processing were compared with regard to fetal cell detection rate.
Results: There were 12 patients with AROM (50%) and 12 with
SROM (50%). Only two of those were preterm (8.3%). Six of the
specimens were bloody (25%) and 16 (66.6%) were macroscopical-
ly with mucous. The proportion of male fetuses identifiable by FISH
was 100% (95% CI: 86%, 100%) after exclusion of technical failures
(n=4). Overall, fetal cell detection rate was 6.4%. Samples collected
after AROM had borderline higher percentage of fetal cells com-
pared with SROM after adjusting for presence of blood in the sam-
ple (p=0.07). In addition, bloody samples had a significantly higher
percentage of fetal cells than those that were not bloody (p=0.01). 
Conclusion: Amniotic fluid collection for prenatal chromosome
analysis by interphase FISH is a feasible, non-invasive and reasonable
approach on rupture of membranes patients and may be accom-
plished on preterm premature rupture of membranes with known
male fetus pregnancies when indicated. Further studies are needed to
assess the value of molecular analysis to differentiate fetal cells with
higher specificity for female fetuses. 

Keywords: Fluorescence in situ hybridization, membrane rup-
ture, vaginal, pregnancy.



Volume 26 | Issue 1 | April 2018

Fetal cell detection for chromosome analysis from leaking amniotic fluid in pregnancies with rupture of membranes

33

Introduction
Prenatal diagnosis of a genetic disorder is valuable
information at any gestational age. Many available
techniques require invasive procedures such as amnio-
centesis, chorionic villi biopsy or cordocentesis.
Although cell-free fetal DNA testing in maternal blood
has reduced the need for invasive approaches signifi-
cantly, it is still regarded as a good screening test for
aneuploidies. Some other methods are still under
investigation for their routine use as in transcervical
cell sampling (TCC) by intrauterine lavage (IUL) and
by mucus sampling.[1–3] These earlier studies reported
that fetal chromosome analysis is possible through
recovered trophoblasts in early gestations with intact
membranes. However, after early years of 2000’s,
interest in this topic has faded in the medical litera-
ture.[2]

Amniotic fluid contains desquamated fetal cells;
they can be reached via amniocentesis when genetic,
metabolic or immunologic testing of fetus is indicated.
With the rupture of membranes at preterm gestations,
amniotic fluid becomes available through vaginal
examination, just like it is used in routine clinical prac-
tice for confirmation of membrane rupture. To the
best of our knowledge, there is no data for feasibility of
using vaginally obtained leaking amniotic fluid for pre-
natal diagnosis so far. Fetal aneuploidy analysis on
amniotic fluid is accomplished by conventional kary-
otyping, a technique that needs rapidly dividing cells to
capture as many as possible metaphase plates.
Therefore, it always requires a sterile sample, since
bacterial and fungal growth may inhibit fetal fibroblast
culture. However, by molecular techniques such as flu-
orescence in situ hybridization (FISH) and quantita-
tive-fluorescent polymerase chain reaction (QF-PCR),
the need for sterile sampling and culturing can be by-
passed while analyzing great number of cells/molecules
in shorter period. Therefore in this study, we aimed to
test the feasibility of using leaking amniotic fluid sam-
ples for fetal chromosome analysis by FISH. Primary
objective was to assess the feasibility of using vaginally
obtained amniotic fluid samples for prenatal chromo-
some analysis by FISH on ruptured amniotic mem-
brane patients. Our secondary objective was to observe
fetal cell detection rate, specimen/patient related vari-
ables and their effects on fetal cell detection rate.

Methods
Patient population

This was a two-center observational study that was con-
ducted at Georgetown University Hospital in
Washington, DC and Virginia Hospital Center in
Arlington, VA, USA. The study was approved by the
Institutional Review Board of Georgetown University
(IRB 2008-43) and written consents were obtained from
each participant. Pregnant women who came to labor
and delivery clinics of these centers with complaints of
ruptured membranes were evaluated for their eligibility.
Inclusion criteria were male fetal gender (detected by
ultrasonography or by amniocentesis/chorion villi sam-
pling), spontaneous rupture of membranes at term
(>37wks; SROM), preterm premature rupture of mem-
branes (PPROM) at any gestational age after viability
[(26+0)–(36+6)] or artificially rupture of membranes
(AROM) (>37wks) at term. None of the artificial rupture
of membranes was performed for the study; all had
obstetric indications. All fetal genders were later con-
firmed by postpartum inspection of neonatal genders.
Only cases with overt membrane rupture as determined
by active cervical discharge and fluid pooling were
recruited. Exclusion criteria were multifetal pregnancy,
female fetal gender, active vaginal bleeding, recent sexu-
al intercourse (last 7 days), premature rupture of mem-
branes before 24 weeks, maternal age under 18 and any
maternal/fetal condition that requires prompt delivery
such as placental abruption, chorioamnionitis and non-
reassuring fetal heart rate.

Sample collections

Samples were collected during the diagnostic specu-
lum evaluation of PPROM or SROM or right after
membranes were ruptured by the operator (in AROM
cases). All diagnoses for membrane rupture were con-
firmed by positive inspection of pooling, nitrazine test
and ferning pattern under microscope. Patients those
having all of the three findings were regarded as having
ruptured amniotic membranes. Sterile syringes without
needle were used to aspirate the amniotic fluid accumu-
lations on speculums. Samples were immediately trans-
ferred into a tube containing phosphate-buffered saline
solution (PBS). Specimen amount, presence of mucus,
presence of blood, gestational age (term vs preterm),
time elapsed until specimen processing were compared
with regard to fetal cell detection rate. All specimens
were processed in the first 5 days of their collection.
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Fluorescence in situ hybridization

Slide preparations
Slide preparations and FISH analysis for chromosomes
X and Y were accomplished by using the protocols pre-
viously described in the literature.[4] Briefly, PBS was
added to samples and centrifuged at 1000 RPM for 10
minutes. Supernatants were discarded and the precipi-
tant cells were mixed gently. Sample mixes were
dropped on a clean and dry slide. Hypotonic solution
(50 mM potassium chloride) was added to each slide
and incubated at 370°C for 20 minutes. Excess hypo-
tonic was decanted and this step was repeated. Slides
were then dried at 60°C for 5 minutes. After dehydra-
tion steps with ethanol series, slides were stored at -
200°C until FISH procedure.

Pretreatment of slides
Slides were treated in 50% acetic acid and 50%
methanol fixative solution for 10 minutes and then in 5
μl pepsin stock (10%) /HCl solution for 2.5 minutes.
Formamide denaturation step was completed after
another series of ethanol dehydration.

Pretreatment of probes and detection steps
For each slide a total of 20 μl hybridization mix contain-
ing 1 μl centromeric probe for each sex chromosome (X
and Y) was prepared and denatured at 800°C for 10 min-

utes. After denaturation, probe mixes were incubated at
370°C overnight in humidifying chamber. The next day,
slides were treated with formamide for stringency wash
and rinsed with saline-sodium citrate (SSC) buffer. A vol-
ume of 100 μl blocking solution was added to each slides
and covered with coverslips. After 30 minutes of incuba-
tion at 370°C, cover slips were removed. For each slide,
100 μl detection solution containing 1 μl avidin-FITC +
1 μl mouse anti-digoxin was added and slides were incu-
bated at 370°C for 45 minutes.

Fluorescence microscopy
Slides that were hybridized with centromeric probes for
chromosomes X and Y were analyzed under fluores-
cence microscope in dark room settings. For each slide
(patient), 200 interphase nuclei were counted. A pattern
of one green and one red signal in an interphase nucle-
us was recorded as male gender (XY, Fig. 1a). Nuclei
with two red signals were counted as female nuclei (XX,
Fig. 1b). Since maternal cell contamination (XX) was
expected in all samples, male and female signal patterns
were counted per slides and percentages were recorded
as “fetal cell detection rate”. For example, a slide of a
patient with 200 counted nuclei having XX[194]/XY[6]
signals, was recorded as having 3% fetal cells in that
specimen. To minimize the possible effect of signal arti-
facts, at least three interphase nuclei with XY signal pat-
tern were sought per patient to call a specimen as con-

Fig. 1. FISH image of an XY nucleus carrying one red and one green signal (a) and other XX nucleus carrying two red signals (b).

a b
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taining male fetal cells. Signal properties of FISH probes
were tested previously on male and female control blood
samples.

Statistics

The proportion of male children identifiable as male
by FISH was estimated with an exact 95% confidence
interval.  In addition, an exact one-sided binomial test
was performed to test if this proportion was greater
than 80%. The mean percentage of fetal cells was com-
pared for each sample characteristic (type of membrane
rupture, type of delivery, volume, presence of mucus,
presence of blood, and time until processing) using t-
tests and ANOVA. Linear regression was used to
determine characteristics associated with percentage of
fetal cells.

Results
A total of 28 pregnant women at gestational ages
between 240/7 weeks and 410/7 were recruited. FISH
analysis could not be done in four patients due to tech-
nical problems. Therefore remaining 24 patients were
included in the final analysis. In 12 patients, samples
were obtained after artificial membrane rupture (50%);
the rest of the pregnancies had spontaneously ruptured
membranes (50%). Only two patients were preterm
(8.3%), one had PPROM at 31st weeks of gestation and
the other had preterm labor with PPROM at 30th weeks
of gestation. Six of the specimens were bloody (25%)
and, 16 (66.6%) were with mucous macroscopically.

The proportion of male children identifiable by
FISH was 100% (95% CI: 86%, 100%) (p=0.005) after
exclusion of technical failures (n=4). When the percent-
age of fetal cells was calculated (XY signals), overall fetal
cell detection rate was 6.4% (2.7–21.8%). Table 1 dis-
plays the mean percentage of fetal cells for each sample
characteristic (gestational age, specimen volume, pres-
ence of mucus, presence of blood, artificial versus spon-
taneous rupture of membranes, time elapsed until speci-
mens processing). Bloody samples had a significantly
higher percentage of fetal cells than those that were not
bloody (p=0.01). Also, samples collected after an AROM
had a borderline significantly higher percentage of fetal
cells than SROM (p=0.07). No other significant differ-
ences were observed in the percentage of fetal cells with
regard to recorded characteristics. The final linear
regression model only included type of membrane rup-

ture and blood. The adjusted mean values and 95% con-
fidence intervals are shown in Table 2. After adjusting
for the type of membrane rupture, bloody samples had a
significantly higher mean percentage of fetal cells than
samples with no blood (p=0.01).

Discussion
In this study, our results indicated that fetal chromo-
some analysis by FISH is a feasible approach for prena-
tal cytogenetic diagnosis on leaking amniotic fluid in
pregnancies with membrane rupture. We also observed
that overall percentage for fetal cells in leaking amniot-
ic fluid is sufficient for FISH analysis.  

Table 1. Mean values and 95% confidence intervals of fetal cells by
sample characteristics (n=24).

n Mean 95% CI p-value

Type of membrane rupture 0.07
AROM 12 8.3 (4.3, 12)
SROM 12 4.6 (3.0, 6.3)

Type of delivery 0.60
Term 22 6.7 (4.3, 9.0)
Preterm 2 4.6 (-6.6, 16)

Volume 0.16
<2 ml 10 6.2 (2.4, 9.9)
2–4 ml 10 5.1 (4.0, 6.2)
>4 ml 4 11 (-3.1, 25)

Mucus 0.93
Absent 10 6.4 (3.0, 9.7)
Present 14 6.6 (3.4, 9.8)

Blood 0.01
Absent 13 4.2 (3.4, 4.9)
Present 11 9.2 (4.9, 14)

Time until processing 0.36
>24 hours 17 4.7 (3.2, 6.1)
<24 hours 7 7.2 (4.2, 10)

AROM: artificially rupture of membranes; SROM: spontaneous rupture of membranes

Table 2. Adjusted mean values and 95% confidence intervals esti-
mated from the linear regression model (n=24).

Mean 95% CI p-value

Type of membrane rupture 0.07
AROM 8.3 (5.8, 11)
SROM 5.0 (2.5, 7.6)

Blood 0.01
Absent 4.3 (1.8, 6.7)
Present 9.1 (6.4, 12)

AROM: artificially rupture of membranes; SROM: spontaneous rupture of membranes
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Prenatal diagnosis to detect fetal genetic disorders is
desired to make informed decisions at any time during
pregnancy. While unsatisfactory sensitivity/specificity
levels are inherent drawback for screening tests, proce-
dure related complications can be a problem in invasive
diagnostic tests. Recent advances in testing for cell-free
fetal DNA in maternal blood is considered as a good but
an expensive screening test for now.[5] Observation of tro-
phoblast presence in cervical canal during first trimester
has inspired researchers for alternative prenatal diagnos-
tic sampling methods.[6–8] Consequently, studies have
demonstrated the feasibility of FISH and molecular
analysis on trophoblasts obtained by two TCC sampling
techniques.[6] In IUL technique, investigators were able to
retrieve trophoblasts for genetic analysis by advancing a
sterile flexible catheter (Pipelle) up to the point of inter-
nal cervical os, and rinsing with a small amount of sterile
saline solution, and collecting it back. IUL is possible
only in the first trimester and it has been tested on
patients prior to their planned termination of pregnan-
cies.[9,10] Other technique is cervical mucus collection
(usually by cytobrush) and identification of trophoblasts
under inverted microscope for prenatal genetic test-
ing.[3,11–13] In a study where TCC by IUL was compared to
mucus sampling in pregnant women between 7th to 12nd
gestational weeks, fetal cell detection rate was 2–90%
(mean 40%) and correct sex determination in male
embryos was 90.2% by IUL. On the other hand, fetal cell
detection rate was 1–4% and correct sex determination in
male embryos was 56% by cervical mucus sampling.[14]

Another study has used immunohistochemistry and
demonstrated that trophoblasts were easily detectable by
HLA-G staining in 35 out of 37 cervical mucus samples
of first trimester intrauterine pregnancies.[15]

In this study, target population was pregnant patients
with ruptured membranes. Since we did not come across
a similar report in the medical literature (PubMed data-
base), it was not possible to compare our results to oth-
ers: TCC by IUL or mucus sampling methods have test-
ed the prenatal fetal cell detection and diagnosis feasibil-
ity on patients with intact membranes in the first
trimester.

One interesting finding of this study was that bloody
samples had a significantly higher percentage of fetal
cells than those were not bloody (p=0.01). Vaginally
obtained leaking amniotic fluid may contain maternally
derived cells such as leukocytes, macrophages, squa-
mous and columnar epithelial, as well as fetal-derived

cells. The reason behind this finding is not clear; how-
ever, it can be speculated that the origin of blood was
more fetal than maternal. In a study where IUL was
used in the first trimester, blood contamination was
reported to correlate with trophoblast presence.[10]

Although we did not test the rate of trophoblast pres-
ence in leaking amniotic fluid samples, we infer that
their percentage is negligible since the shedding of tro-
phoblasts ceases after the fusion of  decidua basalis and
parietalis by the end of the first trimester.[9] Therefore,
utilizing fetal cells directly rather than trophoblasts (as
in TCC and chorion villi sampling), minimizes the risk
of confined placental mosaicism.

Our results showed that, samples collected after
AROM had borderline higher percentage of fetal cells
compared with SROM after adjusting for presence of
blood in the sample (p=0.07). This finding is justifiable
since membrane rupture is imminent and collection of
sample is recent in AROM. However, results also indi-
cated that fetal cells are detectable by 100% in patients
with SROM, thus eliminating the need of higher per-
centage of fetal cells.

In this study, specimen collection and FISH analysis
steps were achieved by the same operator (correspon-
ding author), which could be a source of bias. However,
this was a feasibility study and there were no group of
patients to compare each other that would necessitate
blinding. Sperm contamination possibility may be
another question, as addressed by previous studies that
evaluated cervical mucus samples under microscope to
rule out sperm cell presence.[10] Instead, we asked patients
their last vaginal intercourse time and did not recruit if
they have had intercourse recently. Besides, a haploid
nucleus of a sperm cell would give only one signal, easi-
ly identifiable from fetal cells with two signals in one
nucleus (red and green).  We also assumed that all fetus-
es were non-mosaic XY males and they did not have sex
chromosome aneuploidies.

In the current approach, FISH analysis alone or con-
ventional karyotyping cannot be applied to patients with
female fetal gender due to maternal cell contamination.
However, this obstacle is easy to overcome by short tan-
dem repeat (STR) analysis as it is performed in QF-PCR
assays.[16] Maternal cell contamination should not be
considered as a disadvantage; rather it was our goal to
assess fetal cell (chromosome) detection rates in amniot-
ic fluid samples contaminated with maternal cells, which
was already expected. We were able to observe fetal cells
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(XY carrying interphase nuclei) in all of these samples
with overall cell detection rate 6.4% (2.7–21.8%), after
excluding technical failures (n=4). This seems like a con-
siderable amount of maternal cell contamination.
However, for every SROM patient, detected fetal cells
were more than adequate for molecular cytogenetic
(FISH) and for PCR techniques that could be used in
patients with female fetal gender.

As mentioned, in this study vaginally obtained leak-
ing amniotic fluid samples were employed for fetal cell
sampling. Non-invasive nature of the approach is an
advantage. Clearly, it could only be applied to patients
with ruptured membranes. Management of PPROM
requires an assessment of risks and benefits of continued
pregnancy or expeditious delivery. In certain clinical set-
tings when prenatal diagnosis is indicated and invasive
techniques are not feasible such as PPROM with oligo-
anhydramnios or PPROM and patient preference, this
method might be of value.

Conclusion
Amniotic fluid collection for prenatal chromosome
analysis by interphase FISH is a feasible and reasonable
approach on rupture of membranes patients and may
be accomplished on preterm premature rupture of
membranes with known male fetus pregnancies.
Future studies are needed to test the utility of molecu-
lar analysis to differentiate female fetal cells with accu-
racy in patients carrying female fetuses. 

Conflicts of Interest: No conflicts declared.
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Özet: Mid-trimester fetal ultrasonografik taramada
pes ekinovarus saptanan hastalar›n perinatal ve
ortopedik sonuçlar›
Amaç: Bu çal›flmada klini¤imizde mid-trimester fetal ultrasonog-
rafik taramada pes ekinovarus saptanan gebelerin perinatal ve or-
topedik sonuçlar›n› de¤erlendirmeyi, izole ve izole olmayan pes
ekinovarus saptanan gebelerin perinatal ve neonatal sonuçlar›n›
karfl›laflt›rmay› amaçlad›k. 
Yöntem: ‹nönü Üniversitesi T›p Fakültesi Hastanesi Perinatoloji
Bilim Dal›’nda 01.04.2014 – 01.01.2017 tarihleri aras›nda, mid-
trimester ultrasonografik taramada fetüste pes ekinovarus sapta-
nan ve do¤uma kadar izlenen hastalar›n gebelik ve yenido¤an dos-
yalar› retrospektif olarak tarand›. Ayr›ca pes ekinovarusa konjeni-
tal sendromlar›n efllik etti¤i gebelik terminasyonu yap›lan hastalar
da çal›flmaya dahil edildi. 
Bulgular: Çal›flma periyodunda mid-trimester fetal ultrasonografik
taramada prenatal olarak pes ekinovarus saptanan 71 hastan›n veri-
leri de¤erlendirildi. ‹zole olan grupta fetüslerin %59.3’ünde bilate-
ral pes ekinovarus saptan›rken, izole olmayan grupta bu oran %79.4
olarak izlendi (p=0.084). ‹zole grupta medyan tan› haftas› 22 hafta
olarak saptan›rken izole olmayan grupta medyan tan› konulan hafta
20 hafta idi (p=0.041). ‹zole gruptaki hastalar›n %37.5’ine prenatal
dönemde fetal karyotipleme uygulan›rken izole olmayan grupta fetal
karyotipleme oran› %38.4 olarak saptand› (p=0.802). ‹zole gruptaki
hastalar›n karyotip sonucunda anöploidi saptanmaz iken, izole olma-
yan grupta 3 hastada trizomi 18, 1 hastada 46,XX,inv(9)(p12q13)
saptand› (p=0.053). Neonatal dönemde izole pes ekinovarus sapta-
nan gruptaki yenido¤anlar›n %81.2’i konservatif tedavi (düzeltici al-
ç›lama - Ponseti veya Kite yöntemi) ile tedavi edilirken, izole olma-
yan grupta bu oran %27.2 izlendi. ‹zole olmayan grupta cerrahi ge-
reksinimi daha fazla olup, en s›k posteromedial gevfletme operasyo-
nu uyguland›. 
Sonuç: Prenatal dönemde pes ekinovarus tan›s› konulan fetüslerde
izole ve izole olmayan ayr›m›n›n yap›lmas›, neonatal sonuçlar› ön-
görmede kritik öneme sahiptir. ‹zole olmayan grupta kromozom de-
¤iflikliklerinin görülme s›kl›¤›, olumsuz neonatal ve ortopedik sonuç-
lar ile karfl›laflma olas›l›¤› daha yüksektir. Çal›flmam›z›n sonuçlar›,
prenatal dönemde fetüste izole ve izole olmayan pes ekinovarus sap-
tanan gebelerin perinatal ve neonatal dönemdeki izlem, tedavi seçe-
nekleri ve sonuçlar› aç›s›ndan do¤ru bilgilendirilmesine katk›da bu-
lunacakt›r. 

Anahtar sözcükler: Fetal ultrasonografi, gebelik, gebelik sonuçlar›,
pes ekinovarus.
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Abstract

Objective: In this study, we aimed to evaluate the perinatal and
orthopedic outcomes of pregnant women diagnosed with pes equino-
varus by mid-trimester fetal ultrasonographic screening in our clinic,
and to compare the perinatal and neonatal outcomes of pregnant
women complicated with isolated and non-isolated pes equinovarus. 
Methods: The pregnancy and newborn medical records of the preg-
nant women, who were diagnosed with pes equinovarus by mid-
trimester fetal ultrasonographic screening at the Perinatology
Department of ‹nönü University between April 1st, 2014 and January
1st, 2017 and followed up to the delivery, were reviewed retrospective-
ly. The patients with terminated pregnancies who had congenital syn-
dromes in addition to pes equinovarus were also included in the study. 
Results: During the study period, the data of 71 patients who were
prenatally diagnosed with pes equinovarus by mid-trimester fetal
ultrasonographic imaging were evaluated. While bilateral pes equino-
varus was found in 59.3% of the fetuses in isolated group, it was 79.4%
in the non-isolated group (p=0.084). The median diagnosis week was
22 weeks in the isolated group while it was 20 weeks in the non-iso-
lated group (p=0.041). Fetal karyotyping was performed on 37.5% of
the patients in the isolated group during prenatal period while this rate
was 38.4% in non-isolated group (p=0.802). The patients in the iso-
lated group did not have aneuploidy as a result of karyotyping where-
as trisomy 18 was found in three patients and 46,XX,inv(9)(p12q13) in
one patient in the non-isolated group (p=0.053). In the group compli-
cated with isolated pes equinovarus during neonatal period, 81.2% of
the newborns were treated by conservative therapy (corrective casting
- Ponseti’s or Kite’s method), and this rate was 27.2% in the non-iso-
lated group. Surgical requirement was higher in the non-isolated
group, and posteromedial release was the most frequent operation. 
Conclusion: Distinguishing the fetuses, which are diagnosed with pes
equinovarus during prenatal period, as isolated and non-isolated cases
has a critical significance in the prediction of neonatal outcomes. The
incidence of chromosomal alteration and possibility of poor neonatal
and orthopedic outcomes are higher in the non-isolated group. The
results of our study will contribute to inform pregnant women prop-
erly, who are complicated with isolated and non-isolated fetal pes
equinovarus during prenatal period, in terms of follow-up, treatment
options and outcomes during perinatal and neonatal periods. 

Keywords: Fetal ultrasonography, pregnancy, gestational out-
comes, pes equinovarus.
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Introduction
Congenital pes equinovarus (PEV), also known as talipes
or clubfoot, is one of the most common congenital
orthopedic deformities for feet which is seen in 2–3 cases
out of 1000 live births, and requires sequential therapy.[1]

PEV is seen two times more common in male fetuses
than female fetuses.[2] PEV is considered to have more
than one reason, and it is characterized by adduction on
the anterior side of foot, cavus on middle part, and equin-
ism and varus (internal rotation) deformity on the poste-
rior side.[3] Twenty percent of the fetuses with pes
equinovarus also have other symptoms, and 80% of them
do not have any chromosomal disorder or any other con-
genital anomaly.[4] Although various factors such as
genetic reasons, vascular disorder and fetal restriction are
suggested for the etiology of PEV, it has not been fully
clarified yet.[5] Conservative and surgical methods are
referred in its treatment. Different rates have been
reported for the success of conservative therapy alone
including the serial manipulation and casting. While
there are studies reporting high success rate for conser-
vative therapy (about 90%), some other studies report
low rates (about 50%).[6] Two main methods are used
most frequently as good long-term outcomes are report-
ed. These are Ponseti’s method, which includes serial
long leg casting following weekly corrective manipula-
tions, and Kite’s method, in which splints keeping legs in
dorsiflexion and mild abduction during nights are
applied as well as serial manipulation and casting.[7,8]

Although surgical treatment modalities have been used
more frequently when the biomechanics of the disease

was not clear enough, surgical methods are still referred
which include soft tissue releases in cases that cannot be
provided sufficient recovery by conservative methods.[9]

There is limited number of studies in the literature
investigating obstetric and orthopedic outcomes of
fetuses with pes equinovarus. Therefore, we aimed in
our study to evaluate the perinatal and orthopedic out-
comes of pregnant women diagnosed with pes equino-
varus by mid-trimester fetal ultrasonographic imaging in
our clinic, and to compare the perinatal and neonatal
outcomes of isolated and non-isolated cases.

Methods
Approval was obtained for the study from Scientific
Research and Publication Ethics Committee of Health
Sciences, ‹nönü University (approval number of Ethics
Committee: 2016/10–11). The pregnancy and newborn
files of the pregnant women, who were diagnosed with
pes equinovarus by mid-trimester fetal ultrasonographic
imaging at the Perinatology Department of Medicine
Faculty Hospital at ‹nönü University between April 1st,
2014 and January 1st, 2017 and followed up to the deliv-
ery, were reviewed retrospectively. The patients who had
congenital syndromes in addition to pes equinovarus and
chose termination of pregnancy were also included in the
study. In all patients, the diagnosis of pes equinovarus
was established by observing tibia and fibula on the same
plane during the imaging of foot on plantar level in the
fetal ultrasonographic examination at prenatal period
(Fig. 1). During the study period, invasive prenatal diag-

Fig. 1. Gray-scale ultrasonography images (a and b) where tibia and fibula are on the same plane during ultrasonographic imaging of fetal foot
on plantar level. 
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nosis was recommended to isolated cases and non-isolat-
ed cases which had concomitant fetal malformations.
The cases with pes equinovarus developed secondary to
oligohydramnios/anhydramnios, which developed due to
preterm premature rupture of membranes or congenital
renal anomalies, were excluded from the study.
Termination option was offered in the presence of fetus
with fetal chromosomal anomaly or near-fatal congenital
anomaly. During the study period, the antenatal follow-
ups and deliveries of pregnant women were performed in
accordance with the follow-up and delivery protocols
established in the Antenatal Care Management Guide
and Delivery and Cesarean Section Guide of Health
Ministry.[10,11] All newborns with pes equinovarus accom-
panied with isolated or congenital syndromes and born in
our hospital were referred to newborn intense care unit
and the Department of Orthopedics and Traumatology
for examination, and the conservative therapy was initiat-
ed for these newborns within the first 3 days of life for
pes equinovarus deformity (Fig. 2). Surgical treatment
was conducted in cases where conservative therapy was
insufficient or failed. 

Inclusion criteria were (i) 18–39 years old, (ii) single
live fetus, (iii) diagnosis of pes equinovarus concurrent

with isolated or other anomalies in the mid-trimester
fetal ultrasonographic imaging, and (iv) carrying out ges-
tational follow-up and delivery or termination in our
clinic.

Exclusion criteria were (i) multiple pregnancies and
(ii) intrauterine fetal death.

For the patients included in the study, age, gravida,
parity, body mass index, week of gestation for diagno-
sis, whether pes equinovarus is unilateral or bilateral,
fetal karyotyping results, how pregnancy was ended,
delivery, gestational age at delivery, birth weight, sex,
neonatal intensive care unit requirement, therapy type
for pes equinovarus and prognosis parameters were
recorded. Statistical Package for the Social Sciences
(SPSS) version 22.0 (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. For statistical comparison
of the cases, the normality distribution of the data
obtained from the patients was analyzed by Shapiro-
Wilk test. In isolated and non-isolated PEV groups,
the data displaying normal distribution were defined as
mean and standard deviation, and the data not display-
ing normal distribution were defined as median, mini-
mum and maximum. While t-test was used for the data
complying with normal distribution, the non-compli-

Fig. 2. In pes equinovarus deformity (a), the image of long leg casting (b) applied after corrective manipulations performed during Ponseti’s me-
thod in the conservative treatment.
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ant data were compared and analyzed by Mann-
Whitney U test. The categorical variables were sum-
marized by numbers and percentages, and Pearson’s
exact chi-square and chi-square tests with correction
for continuity were used for the comparisons. In all
analyses, 0.05 was considered as the significance level.

Results
Of 71 patients who were diagnosed with pes equinovarus
in the mid-trimester fetal ultrasonographic imaging dur-
ing the study period, no fetal malformation was found in
32 (45.1%) (isolated group), and additional fetal anom-
aly was observed together with PEV in 39 (54.9%) (non-
isolated group). Pregnancy termination was decided in
17 (43.6%) patients in the non-isolated group due to
chromosomal anomaly and concurrent major fetal mal-
formations. Flow chart for pregnant women diagnosed
with pes equinovarus in the fetus in mid-trimester ultra-
sonographic imaging between April 1st, 2014 and

January 1st, 2017 is shown in Fig. 3. When isolated PEV
cases and non-isolated PEV cases were compared in
terms of maternal characteristics, no statistically signifi-
cant difference was found between the groups in terms of
age, gravida, parity and body mass index (p=0.182,
p=0.079, p=0.149, and p=0.125, respectively). When the
week of gestation established with median diagnosis in
the non-isolated group was compared with isolated PEV
group, it was found lower which was statistically signifi-
cant [20.0 (16.0–26.0) and 22 (19.0–25.0); p=0.041].
Fetal karyotyping was performed on 37.5% of the
patients in the isolated group during prenatal period
while this rate was 38.4% in non-isolated group
(p=0.802). While no chromosomal change was found in
the invasive prenatal diagnosis performed for all patients
in the isolated group, trisomy 18 was found in 3 patients
and 46,XX,inv(9)(p12q13) in 1 patient in the non-isolat-
ed group (p=0.053). The characteristics of pregnant
women found to have isolated and non-isolated PEV are
summarized in Table 1.

Fig. 3. Flow chart for pregnant women diagnosed with pes equinovarus in the fetus in the mid-trimester ultrasonographic screening between April
2014 and January 2017.
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Table 1. The characteristics of the groups found to have isolated and non-isolated pes equinovarus.

Isolated group Non-isolated group 
(n=32) (n=39) p-value

Age* 28.34±5.64 30.10±5.32 0.182

Gravida† 2.0 (1.0–4.0) 2.0 (1.0-13.0) 0.079

Parity† 1.0 (0.0–3.0) 1.0 (0.0-5.0) 0.149

Abortion† 0.0 (0.0–2.0) 0.0 (0.0-7.0) 0.329

Body mass index (kg/m2)† 26.0 (22.0–32.0) 27.0 (18.4-38.0) 0.403

Gestational age at diagnosis† 22.0 (19.0–25.0) 20.0 (16.0-26.0) 0.041

Laterality‡ 0.084

Unilateral 13.0 (40.7) 8.0 (20.6)

Bilateral 19.0 (59.3) 

31.0 (79.4) 

Fetal karyotyping‡ 12.0 (37.5) 15.0 (38.4) 0.802

Normal karyotyping 12.0 (100) 11.0 (73.3) 0.053

Trisomy 18 - 3.0 (20.0)

46,XX,inv(9)(p12q13) - 1.0 (6.7)

*Mean ± standard deviation; †Median (min–max); ‡n (%)

Gestational age at delivery was significantly lower in
non-isolated PEV group compared to isolated group
(p<0.001). When newborns’ birth weight, 1-minute and
5-minute APGAR scores and pH values of cord blood in
the non-isolated PEV group were compared to isolated-
PEV group, statistically significant reduction were found
in all parameters (p<0.001 in all parameters). Neonatal
intensive care unit need in the isolated PEV group was
significantly lower compared to the newborns with non-

isolated PEV (p<0.001). PEV anomaly was more com-
mon among male fetuses in both groups whereas there
was no significant difference among the groups in terms
of female-male ratio (p=0.332). Perinatal outcomes of
the patients in isolated and non-isolated pes equinovarus
groups are given in Table 2.

In the group complicated with isolated pes equino-
varus during neonatal period, 81.2% of the newborns

Table 2. Delivery results of the groups found to have isolated and non-isolated pes equinovarus.

Isolated group Non-isolated group 
(n=32) (n=39) p-value

Gestational age at delivery* 38.0 (34.0–39.0) 34.5 (25.0–39.0) <0.001

Delivery type† 0.583

Vaginal 17 (53.2) 10 (45.5)

Cesarean section 15 (46.8) 12 (54.5)

Birth weight* 3150.0 (1500.0–3900.0) 1565.0 (520.0–3600.0) <0.001

Sex† 0.332

Female 9 (28.2) 9 (40.9)

Male 23 (71.8) 13 (59.1)

1-minute APGAR score* 8.0 (6.0–9.0) 6.5 (1.0–8.0) <0.001

5-minute APGAR score* 9.0 (8.0–10.0) 7.5 (1.0–9.0) <0.001

Cord pH* 7.33 (7.20–7.42) 7.20 ( 6.90–7.40) <0.001

Newborn’s intense care unit need† 5 (15.6) 18 (81.8) <0.001

*Median (min–max); †n (%)
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were treated by conservative therapy (corrective casting -
Ponseti’s or Kite’s method), and this rate was 27.2% in
the non-isolated group (p<0.001). In the conservative
therapy, Ponseti's method was used more frequently in
both groups; surgical treatment need after conservative
therapy was higher in non-isolated group compared to
isolated PEV group which was statistically significant
(18.8% and 72.8%, respectively; p<0.001). Posteromedial
release operation was the most frequent practice in the
newborns who needed surgery in both groups.
Orthopedic treatment results of the patients during
neonatal period in isolated and non-isolated pes equino-
varus groups are summarized in Table 3.

Discussion
Mid-trimester fetal ultrasonographic imaging is routine-
ly recommended for all pregnant women at prenatal care.
In parallel to advanced ultrasonographic technologies, it
has become possible to establish early diagnosis during
prenatal period for many congenital malformations
including fetal musculoskeletal deformities.[12,13] Also, it
has been claimed that the use of 3D ultrasonography in
prenatal ultrasonographic imaging has helped to establish
early and accurate diagnosis for congenital malforma-
tions.[14] Although different rates are reported in various
studies, the diagnosis rate of pes equinovarus during pre-
natal period is reported about 60%.[15] In our study, we
found that median week of gestation when pes equino-
varus was diagnosed was 22 weeks in isolated PEV cases
and 20 weeks in non-isolated PEV cases. Similar to our
study, Hartge et al. retrospectively analyzed the prenatal
and postnatal results of 106 fetuses with congenital PEV
and they reported median prenatal diagnosis time as 23
weeks for those who gave live births, and as 18 weeks in
the group who were found to have many congenital mal-

formations and gave stillbirth.[16] In the epidemiological
case control study conducted in the USA, Mahan et al.
found PEV diagnosis rate 62.3% at prenatal period even
though there were different rates in various states. As a
result of their multivariate analysis, they showed that
maternal age <35 years, presence of concomitant congen-
ital malformations and PEV anomaly being bilateral were
the strongest predictors to establish PEV diagnosis at
prenatal period.[17] In our study, we found concomitant
congenital malformation in 54.9% of the patients diag-
nosed with PEV in mid-trimester ultrasonographic
screening, and we observed that invasive prenatal diagno-
sis was established in 37.5% of the fetuses with isolated
PEV and in 38.4% of the fetuses with non-isolated PEV.
While there was no chromosomal alteration in cases with
isolated PEV who underwent invasive prenatal diagnosis,
we observed chromosomal alteration in 26.7% of the
fetuses with concomitant malformation. While there are
studies in the literature which define 46,XX,inv(9)
(p12q13) chromosomal alteration observed in a patient in
non-isolated patient group as a chromosomal polymor-
phism, which is clinically insignificant, there are also
other studies associating this chromosomal alteration
with fascial dysmorphism, neurodevelopmental retarda-
tion and congenital anomalies.[18] A recent study found
that abnormal karyotype rate was 2.2% in isolated cases
with fetuses diagnosed with congenital PEV and 30.3%
in cases with concomitant malformations, and the study
showed that the laterality of PEV anomaly is not associ-
ated with high chromosomal anomaly incidence.[19] On
the other hand, the researchers reported that a detailed
ultrasonographic imaging should be performed in order
to identify concomitant malformations in fetuses diag-
nosed with PEV during congenital period, karyoptying
should be recommended in the presence of concomitant

Table 3. Orthopedic results of the groups found to have isolated and non-isolated pes equinovarus.

Isolated group Non-isolated group
(n=32) (n=22) p-value

Conservative therapy (Corrective casting)* 26 (81.2) 6 (27.2) <0.001
Ponseti 19 5
Kite 4 1

Conservative + Surgical therapy* 6 (18.8) 16 (72.8) <0.001
Posteromedial release 4 7
Posteromedial and lateral release 2 4
Subtalar release - 3
Tibialis anterior tendon transfer - 2

*n (%)
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malformations, but it is controversial to recommend
invasive prenatal diagnosis in isolated cases.[19,20] Although
it is important to establish PEV diagnosis on fetus at
ultrasonographic imaging during prenatal period and to
distinguish if the case is isolated or not, in terms of inva-
sive prenatal diagnosis and informing the family about
postnatal outcomes, the restrictions of ultrasonography
also should be mentioned when counselling, and it should
be stated to the family that concomitant findings can be
identified during further weeks of gestation or postnatal
period in about 10% of the cases established with isolat-
ed PEV diagnosis at prenatal period.[21,22]

While the treatment of pes equinovarus deformity
during neonatal period may vary, conservative therapy is
usually preferred in the beginning, and surgical option is
considered when the cases do not respond to conserva-
tive therapy. In addition to conservative therapy which
includes daily stretching exercises and French function-
al methods where physiotherapy and splints are used,
Ponseti's and Kite’s methods also can be used in which
serial manipulation and casting are performed. Today,
Ponseti's method is the most frequent modality used in
conservative therapy, and it is aimed to treat all foot
deformities (cavus, varus, and adduction) simultaneous-
ly in this technique.[23,24] In this method, manipulations
performed on feet and ankles for 6–8 weeks are followed
by long leg casting, where casts are replaced weekly. In
more than 90% of the cases, the procedure of Achilles
tenotomy is required, which is a minor surgical proce-
dure performed by local anesthesia to fix equinism
deformity completely, and this procedure is considered
as a part of the routine therapy. At the end of the thera-
py, the patients are recommended to wear orthopedic
boots for 23 hours a day for 3 months and then only dur-
ing sleep times up until age of 4.[25] In Kite’s method,
each deformity of foot is fixed by biweekly manipulation
and immobilization procedures one by one, and physi-
cians do not proceed to next deformity until current one
is fixed completely.[26] In our study, we found that
Ponseti’s method was the most common procedure in
the conservative therapy performed on the cases diag-
nosed with isolated and non-isolated PEV in mid-
trimester fetal ultrasonographic screening. While we
found that the success rate of conservative therapy was
81.2% in cases with isolated PEV, significantly higher
surgery need was observed in cases with concomitant
malformations after conservative therapy. A recent study
evaluating postnatal outcomes of fetuses with congenital
PEV reported that at least one surgical procedure was

needed during postnatal period in 32.6% of the cases.[16]

Rijal et al. compared Ponseti’s and Kite’s methods in the
conservative therapy of isolated PEV cases, and showed
that Ponseti’s method provided a faster recovery in all
deformities of PEV.[27] He et al. compared Ponseti’s
method with other conservative therapy options, and
they reported that Ponseti’s method was safe and effec-
tive on PEV treatment and significantly decreased sur-
gery needs compared to other methods.[28]

Muscle, ligament or joint releases such as tibialis ante-
rior tendon transfer and posteromedial soft tissue release
operations, and major surgical procedures such as wedge
osteotomy are required in patients who do not respond to
conservative therapy or develop relapse later despite the
conservative therapy.[29,30] In this study, we found that the
fetuses found to have isolated PEV had significantly less
major surgery needs than the fetuses found to have con-
comitant anomalies, and we observed that posteromedial
release operation was the most common procedure in the
patients with surgery needs in both groups. Some of the
long-term observational studies performed on the cases
developing relapses in particular claimed that the success
rate for the results of major surgery in such cases is not
high, and that repeating conservative methods in these
patients increases the treatment success.[31,32]

Our study has some limitations which are the retro-
spective study design, being unable to determine the rate
of detecting pes equinovarus since it was not possible to
access neonatal outcomes of all patients who underwent
mid-trimester fetal ultrasonographic screening, and
long-term treatment results were not evaluated after
conservative and/or surgical therapy.

Conclusion
Consequently, distinguishing the fetuses, which are
diagnosed with pes equinovarus during prenatal peri-
od, as isolated and non-isolated cases has a critical sig-
nificance in the prediction of neonatal outcomes. The
incidence of chromosomal alterations and possibility of
poor neonatal and orthopedic outcomes are higher in
the non-isolated PEV cases. Success rate is higher by
conservative methods in orthopedic treatment for the
cases with isolated PEV, and surgery needs seem high-
er in non-isolated cases. The results of our study will
help to inform pregnant women properly, who are
diagnosed with isolated and non-isolated fetal pes
equinovarus during prenatal period, in terms of follow-
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up, treatment options and treatment outcomes during
perinatal and neonatal periods. 

Conflicts of Interest: No conflicts declared.
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Özet: Büyük sakrokoksigeal teratomun prenatal
tan›s› ve takibi: olgu sunumu
Amaç: Büyük sakrokoksigeal teratomlu yenido¤anlar›n elektif ve
planl› do¤umlar›n›n neonatal sonuçlar üzerindeki olumlu etkisini
vurgulamak. 

Olgu: Yirmi alt› yafl›nda primigravid kad›n olgumuz, fliddetli poli-
hidramniyos ve fetüsteki büyük kat› kistik kitle nedeniyle gebeli¤in
39. haftas›nda hastaneye baflvurdu. Büyük sakrokoksigeal teratomu
(25×25×20 cm) olan sa¤l›kl› yenido¤an, elektif koflullarda sezaryen
do¤um ile dünyaya getirildi. ‹kinci postnatal günde, pediyatrik
cerrahlar taraf›ndan kitlenin total eksizyonu gerçeklefltirildi. His-
topatolojik muayenede, matür kistik sakrokoksigeal teratom sap-
tand›. Yenido¤an, 15. postnatal günde iyileflmifl yara dokusuyla ta-
burcu edildi. 

Sonuç: Prenatal dönemde tan› alan sakrokoksigeal teratomlar ol-
dukça büyük boyutlara ulaflabilir. Özellikle kalp yetmezli¤i olma-
yanlar miada ulaflabilir. Bu olgularda elektif do¤um planlamas›, pe-
rinatal mortalite ve morbiditeyi azaltmak bak›m›ndan hayati öneme
sahiptir. 

Anahtar sözcükler: Fetüs, sakrokoksigeal teratom, ultrasonografi.
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Introduction
Although sacrococcygeal teratoma (SCT) is a rare
tumor, it is an important cause of perinatal/postnatal
mortality and morbidity. A multidisciplinary approach
to determine the optimal time for surgical resection, to
plan the mode of delivery, and to provide postnatal
care and follow-up would minimize all these possible
risks.[1]

We aimed to present a case in which successful post-
natal management of the fetus with a prenatally-diag-
nosed giant SCT was achieved by immediate postnatal
excision of the mass.   

Case Report
A 26-year-old primigravid woman was referred to our
hospital from another healthcare center due to severe
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Abstract

Objective: To emphasize the favorable effect of elective and planned
delivery of newborns with giant sacrococcygeal teratomas on neona-
tal outcomes. 

Case: A 26-year-old, primigravid woman was admitted to hospital
at 39 weeks of gestation because of severe polyhydramnios and a
giant solid-cystic mass in the sacrococcygeal area of the fetus. A
healthy newborn with a giant sacrococcygeal teratoma (25×25×20
cm) was delivered by cesarean section in elective conditions. On the
second postnatal day, total excision of the mass was performed by
pediatric surgeons. Histopathologic examination revealed mature
cystic sacrococcygeal teratoma. The newborn was discharged with a
well-developed scar tissue on 15th postnatal day. 

Conclusion: Sacrococcygeal teratomas diagnosed in the prenatal
period can reach very large sizes. Especially those without heart fail-
ure can reach up to the term. The planning of elective delivery in
these cases is of vital importance in terms of reducing perinatal mor-
tality and morbidity. 

Keywords: Fetus, sacrococcygeal teratoma, ultrasonography.
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polyhydramnios and a giant mass of the fetus which
would possibly need pediatric surgery. The solid-cystic
exogenous mass measured 25×25×20 cm by ultrasound
in the sacrococcygeal region (Fig. 1). The columna
vertebralis was intact. Amniotic fluid index was meas-
ured as 35 cm and placentomegaly was noted.
Arteriovenous shunting in the mass, fetal hydrops and
fetal anemia were not detected as median cerebral
artery (MCA) Doppler flow indices were within nor-
mal ranges (0.96 Mom). Fetal echocardiographic
examination was normal and no other associated mal-
formation was present. Fetal MRI was not planned
because of the advanced gestational week. On the sec-
ond day of admission, as the gestation was 39 weeks,
cesarean section was performed because of the tumor
size. 3900 g girl baby was delivered with an Apgar score
of 8 at 1 minute and 9 at 5 minutes. A skin-covered
giant mass with a diameter of 28 cm located at the
sacrococcygeal region was observed at postpartum
examination of the newborn (Fig. 2). Alpha-feto pro-
tein (AFP), beta-human choriogonadotropic hormone
and carsinoembryogenic antigen levels were measured
as 37,786 IU/ mL, 30 mIU/mL and 3.2 ng/mL, respec-
tively. Postnatal hemoglobin levels were 15.9 g/dl.
Resection of the mass was planned as soon as possible
before heart failure developed. After neonatal umbili-
cal vein and radial artery catheterization, total excision
of the mass, along with coccyx, was achieved without
rupture, although it was strictly adherent to the rectum

and had presacral involvement. The mass weighted
1900 g. During the 4-hour-operation, 20 ml/kg/h IV
fluid and 15 ml/kg/h erythrocyte suspension were
given to the neonate who, after the operation, was
transferred to the neonatal intensive care unit with
mechanic ventilation. Also with postoperative albumin,
fresh frozen plasma and erythrocyte transfusions, the
neonate went well hemodynamically at the early post-
operative period. The neonate was extubated at 12th
hour and discharged on the 15th day with a well-devel-
oped scar tissue overlying the operated sacral area.

Microscopically, the solid components were com-
posed of a mixture of mature tissues including pancre-
atic tissue (Fig. 3a), peripheral nervous tissue (Fig. 3b),
and stratified squamous epithelium (Fig. 3c). Based on
these histopathological features the diagnosis was
mature cystic SCT. Levels of highly elevated tumor
markers in the preoperative period were decreased to
normal levels in the 3rd month postoperatively. The
follow-up visits were problem-free for 9 months as this
paper was written.

Discussion
In the era of routine prenatal screening and improved
fetal imaging using ultrasonography (USG) and magnet-
ic resonance imaging (MRI), most SCTs are now diag-
nosed in utero.[2] Close surveillance with serial ultrasono-
graphic imaging and echocardiography is recommended

Fig. 1. Mass on ultrasound. The solid-cystic exogenous mass was
measured 25×25×20 cm.

Fig. 2. A giant mass with a diameter of 28 cm located at the sacro-
coccygeal region.
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so that fetal intervention or early delivery can be per-
formed when necessary.[2] There are some prognostic
factors in the SCTs. One of them is tumor size. The
tumor size being greater than 10 cm is especially high in
vascular tumors, and these tumors, along with heart fail-
ure, increase the risk of fetal hydrops and intrauterine
fetal demise.[2] Although the diameter of the tumor was
28 cm in our case, we did not detect any sign of heart
failure. Gestational age is other prognostic factor. While
the prognosis is poor among infants diagnosed before
the 30th gestational week, the survival rate is very high
among infants born just before term.[3] The reason why
such a large mass reaches to term without any complica-
tions is due to the absence of heart failure and addition-
al organ anomalies, not ideal prenatal management.
Anatomical location is important, too. Altman et al.
described a four–stage- classification system of SCTs
according to their anatomical location which appears to
be associated with overall prognosis, with best survival
being in Type 1,[4] as in our case. The incidence of vari-
ous congenital malformations associated with SCTs
range from 5% to 26%. Of these, anorectal and genital
malformations are of prime concern.[5] Other associated
anomalies include spinal dysraphism, sacral agenesis, dis-
location of the hips caused by a large tumor, and
meningocele.[6] Sivrikoz et al. presented an atypical pres-
entation of a tethered spinal cord, associated with a
SCT.[7] Gothwal et al. reported a SCT associated with
Prune Belly syndrome.[8] Perrone et al. presented a SCT
case with a large intraspinal component that was causing
compression of the lower spinal cord.[9] Due to the large
tumor size, detailed examination and anatomical scan-
ning with USG may not be possible in every case.
Krekora et al. reported agenesis of the right forearm of a
newborn, which had not been detected prenatally,
despite many examinations.[10]

In our case we performed prenatal and postnatal
USG and postnatal MRI for detecting associated con-
genital malformations. No other malformations were
detected.

The tumor size and location are essential for plan-
ning the mode of delivery in these cases. In the absence
of obstetrical indications, vaginal delivery is acceptable
for small tumors. Elective cesarean delivery is recom-
mended for SCTs measuring more than 5 cm in diame-
ter due to the risk for traumatic injury, rupture and sub-
sequent hemorrhage from the tumor.[11] Hemorrhage is

Fig. 3. Histopathological features. Microscopic view of sacrococcygeal
teratoma at 400 magnifications with H&E stain. Pancreatic tis-
sue (a), peripheral nerve tissue (b), and stratum squamous epi-
thelium (c) are indicated with arrows, respectively.

a

b

c
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the most common cause of neonatal mortality in patients
with SCT. High-output cardiac failure, intratumoral
hemorrhage and perioperative bleeding are the most
common causes of early death and are all strongly asso-
ciated with larger tumor sizes.[12] Tumor rupture may be
caused by uncontrolled labor or complications during
delivery.[13] Alani reported a ruptured giant SCT during
cesarean section and its successful postnatal manage-
ment.[14] Advanced gestational age may be related the
resistance of the rupture in a SCT. According to litera-
ture, upper vertical incision is usually preferred during
caesarian section,[15] as in our case. However, lower seg-
ment incision was performed in some patients because of
the increased risk of bleeding and uterine scar rupture at
the following pregnancies.[1] Maturation of a SCT is
related to fetal/neonatal prognosis. Mature teratomas are
the most common[16] and usually have excellent progno-
sis if completely excised. The surgical approach involves
complete excision of the tumor including the coccyx in
order to reduce recurrence,[17] as in our case. Timing for
tumoral resection in the postpartum period is important.
Elective excision of the tumor is usually performed with-
in the first few days of life.[15] As recommended, resection
was performed on the second postpartum day in our
newborn. SCTs must be followed up with physical
examination, USG, and MRI at the postpartum period.

Shortly, prenatal diagnosis has improved the perina-
tal management of these lesions that might benefit from
fetal intervention. A comprehensive prenatal evaluation
including conventional USG, Doppler USG, echocar-
diography and fetal MRI, is essential for adequate coun-
seling and optimal perinatal management. Antenatal
counseling helps the parents to better understand the
natural history, fetal intervention, and perinatal manage-
ment of these tumors. Fetal surgical debulking improves
survival in cases of SCTs with cardiac decompensation.
Additionally, the use of an EXIT procedure reduces the
morbidity and mortality in a complicated delivery in
cases with cervical and mediastinal-teratomas.[18]

Conditions amenable to intrauterine surgical treatment
are rare; the mother may consider termination of preg-
nancy as an option. Fetal treatment can be lifesaving but
it carries risks to both the infant (preterm premature
rupture of the membranes, preterm delivery) and the
mother.[19] One of the prenatal therapeutic options is to
occlude the feeding vessels by radiofrequency ablation,[20]

but it has not been accepted as a routine approach
because of high mortality at term.

Conclusion
The aim of this paper was to present a giant mature
SCT managed successfully without any pregnancy com-
plications. A multidisciplinary approach is crucial for
SCT cases in both prenatal and postnatal periods.
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Introduction
Long QT syndrome (LQTS) is an inherited syndrome
with an autosomal transmission.[1] Prolonged QT inter-
val on electrocardiogram (ECG), family history, symp-
toms of arrhythmia were used to as diagnostic criteria.
LQTS is defined in neonates,[2] but there are few cases
reported for intrauterine period.[3,4] Prenatal diagnosis of
LQTS is rare, particularly in the lack of family history.[5]

We described a case of sporadic LQTS who presented
with premature atrial extrasystoles during antenatal
period.  

Case Report
27-year-old primigravid woman at 29 weeks of gestation
was referred to our clinic when fetal arrhythmia was
detected with ultrasound.  Average fetal heart rate was
determined as 110 beats per minute (bpm). M-mode and
pulsed Doppler recordings of left ventricular in- and
outflow tracts, including mitral and aortic valve move-
ments, were used to assess of the fetal arrhythmia. On
M-mode ultrasound, one of both atrial contractions was
evaluated as premature atrial extrasystole. Each atrial
contraction was followed by a ventricular contraction.

Özet: Prematür atriyal ekstrasistoller ile tan› alan
uzun QT sendromu: olgu sunumu
Amaç: Prematür atriyal ekstrasistoller nedeniyle perinatal fetal arit-
mi olarak tan› alan ancak postnatal dönemde uzun QT sendromu ol-
du¤u görülen bir olguyu sunmay› amaçlad›k. 

Olgu: Yirmi yedi yafl›ndaki primigravid olgu, dikkat çekici fetal arit-
mi nedeniyle 29. gebelik haftas›nda klini¤imize baflvurdu. Prenatal
dönemde prematür atriyal ekstrasistoller tespit edildi. Postnatal dö-
nemde QT aral›¤› 500 ms idi. Bu nedenle olgu, prematür atriyal
ekstrasistoller ile iliflkili uzun QT sendromu tan›s› ald›. 

Sonuç: Prematür atriyal ekstrasistoller kolay tespit edilmektedir ve
genel olarak izole ritim bozuklu¤u fleklinde ortaya ç›kmaktad›r. An-
cak olgular›n çok az›nda, uzun QT sendromu gibi ciddi aritmi gö-
rülmektedir. Bu ölümcül durum, fetüs ve yenido¤an için potansiyel
riskleri öngörmek amac›yla ay›r›c› tan›da dikkate al›nmal›d›r. 

Anahtar sözcükler: Fetal aritmi, uzun QT sendromu, prematür at-
riyal ekstrasistol.
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Abstract

Objective: We aimed to present a case that was prenatally diagnosed
as fetal arrhythmia due to premature atrial extrasystoles but turned
out to be long QT syndrome at postnatal period. 

Case: A 27-year-old primigravid woman was referred to our clinic at 29
weeks of gestation due to marked fetal arrhythmia. Premature atrial
extrasystoles were detected during the prenatal period. The QT inter-
val was 500 msec in the postnatal period. So the case was diagnosed
as long QT syndrome associated with premature atrial extrasystoles. 

Conclusion: Premature atrial extrasystoles are easily recognized and
generally presented as an isolated rhythm disorder. But the minority
of cases is associated with serious arrhythmia such as long QT syn-
drome. This lethal condition should be considered in the differential
diagnosis to predict the potential risks for the fetus and neonate. 

Keywords: Fetal arrhythmia, long QT syndrome, premature atri-
al extrasystole.



These findings were evaluated as conduction atrial
bigeminy (Fig. 1). There were no evidence of congestive
heart failure and structural abnormalities. The parents’
medical history was clear of any arrhythmic syndrome
and their physical examination was normal. Parental QT
intervals on ECG were assessed to check the possibility
of the LQTS and they did not have long QT intervals
(<480 msec). No additional fetal anomalies were found
in the genetic sonogram. Starting from the diagnosis at
29th week the patient was followed by weekly fetal
echocardiography. During the antenatal period prema-
ture atrial extrasystoles were detected without other
rhythm disorders and congestive heart failure. Cesarean
section was performed at 38 weeks and 2 days because of
the prior cesarean section history and fetal growth
restriction. A 2540 g male neonate was delivered.
Echocardiography was performed after birth. A very
long QT interval of 500 msec was found on ECG in the
neonate (Fig. 2). As a result, the neonate was diagnosed
as LQTS and followed-up due to risk of sudden infant
death. He remained asymptomatic for 4 months. No
medical treatment was required during postnatal period.
The parents rejected any offers of genetic evaluations.  

Discussion
Arrhythmias are detected in at least 2% of all pregnan-
cies. The fetal heart should be examined carefully in the
antenatal period.[6] In our case, we described a fetus pre-
sented with premature atrial extrasystoles in utero and
in whom LQTS was diagnosed in the postnatal period.
Congenital LQTS is a heritable ion channel disorder
that is associated with the impairment of number of
genes encoding for the transmembrane sodium or
potassium ion channel proteins. Mutations in six sub-
types (LQT1 to LQT6) are responsible of the impair-
ment of the ion channels leading to prolonged action
potentials that are account for congenital long QT.

These mutations slow the inactivation of inward
depolarizing sodium currents or cause retardation of
outward repolarizing potassium currents.[7] Long QT
interval was diagnosed by using fetal magnetocardiogra-
phy[8] and fetal ECG in prenatal period.[9] Among all
cases of sudden infant death syndrome, 50% underlying
risk factor is LQTS.[5] The prognosis of LQTS is not
good when detected in the prenatal period or during the
first week of life.[10] Fetal diagnosis of a prolonged QT
has been recognized as early as 16 weeks of gestation.[11]

In a systematic review, 21 fetuses with LQTS were doc-
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Fig. 2. A very long QT interval of 500 ms was found in the newborn
at the electrocardiography. The QT interval is from the begin-
ning of the Q wave to the end of the T wave. The expected
QTc interval should be less than 480 msec among women.

Fig. 1. M-mode recording of the fetus with conduction atrial bigeminy.
The M-mode cursor line intersects the right atrium (RA) and left
ventricle (LV). Every other atrial contraction is early; the prematu-
re contractions are always followed by a ventricular contraction.



umented with significant in utero cardiac findings. 16
fetuses (76%) exhibited bradycardia ≤110 bpm; 4 of
them (19%) exhibited ventricular tachycardia or tach-
yarrhythmia, and one case exhibited pleural effusion.
Eleven fetuses (52%) exhibited atrioventricular block
(AVB) in prenatal and postnatal period. 4 fetuses (19%)
exhibited mild bradycardia ranging from 100 to 110
bpm and reduced baseline fetal heart rate (FHR) vari-
ability on cardiotocography. So, as result of AVB sinus
bradycardia and fetal bradycardia can be seen fetuses
with LQTS.[10] Cuneo et al. detected isolated extrasys-
toles and AVB in 97.4% and 2.6% of the fetuses, respec-
tively.[11] We detected isolated premature atrial extrasys-
toles in our case, too. Some fetuses with LQTS show
mildly decreased baseline (FHR) of 110–120 bpm.
Suspicion of LQTS in such fetuses with a baseline FHR
of 110–120 bpm may increase the proportion of patients
with prenatally diagnosed LQTS.[10] Furthermore, some
patients with LQTS were presented with a FHR of
more than 120 bpm in utero.[12] Also, some of them
exhibit reduced heart rate variability.[13] In our case, the
average FHR was calculated as 110 bpm with normal
heart rate variability. This case is not a case of LQTS
diagnosed in antenatal period. Diagnosis in the postna-
tal period is due to the suspicion of arrhythmia detected
during antenatal period. In fetuses with fetal arrhythmia
LQTS should be considered in the differential diagno-
sis, particularly in cases where there is no family histo-
ry. Because LQTS is a genetic disorder, in cases where
there is no family history of arrhythmia and syncope it
may not be considered in differential diagnosis. With
this case, we tried to emphasize the necessity of con-
ducting antenatal and postnatal investigations consider-
ing the possibility of sporadic cases in pregnant women
who have applied with fetal arrhythmia. Thinking of
long QT syndrome as a differential diagnosis in fetal
arrhythmia will help to notice the possible complica-
tions that may develop in neonate.

As a result, detection of a fetal arrhythmia is not ade-
quate for prenatal follow-up; it is also necessary to identi-
fy the type of arrhythmia. The underlying pathologies
such as the LQTS that may accompany arrhythmias
should always be investigated. Especially, in sporadic cases
with LQTS, prenatal diagnosis is important for both the
fetus and the neonate. LQTS can be diagnosed with
ECGs and genetic tests during prenatal investigations. So,
the incidence of “sudden infant death syndrome” can be
decreased with the help of these investigations.[10]

Conclusion
The fetal echocardiography does not detect the QT
interval. So, we should think about possibility of LQTS
in fetal arrhythmias.
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Dear Editor,

We have read the article of Çintesun et al. with the title
of "The impacts of amniotic fluid index, placental local-
ization and fetal sex on the estimation of fetal weight"
with a great interest.[1] We would like to contribute to
this article by analyzing the impacts of placental localiza-
tion and fetal sex on the estimation of fetal weight in
patients delivered in our clinic.

The records of the patients who delivered at the
Gynecology and Obstetrics Clinic of Gülhane Training
and Research Hospital between June 1 and November
15, 2017 were analyzed retrospectively. The method of
measuring fetal weight and inclusion criteria were deter-
mined similar to the related study. The measurements
were done by using the same ultrasonography device
(SIUI, Shantou Institute of Ultrasonic Instruments Co.,
Ltd., Shantou, China).

A total of 257 patients were included in the study. In
the statistical analyses, number, percentage, arithmetic
mean and standard deviation were used for the distribu-
tions of data, and Kruskal-Wallis and Mann-Whitney U
tests were used for statistical comparisons. In this study,
mean age was 29.26±5.5 years, gravida median was 2, par-
ity mean was 1, and weeks of gestation were 39.1 (range:
35 to 42). It was found in the patients that cesarean sec-
tion was 39.68%, normal delivery rate was 60.31%, mean
ultrasonographic estimation of fetal weight was 3261.08±
4.81 g, and mean birth weight was 3338.48±4.84 g. The

demographic and clinical data of the patients are shown
in the Table 1. Similar to the study of Çintesun et al., we
calculated error percentage in ultrasonographic estima-
tion of fetal weight measurement, and considered it as
“weight deficit”. Total weight deficit in all patients was -
1.69%. While the deficit was -7.57% in females, it was
2.85% in males (Table 2). Our results are different than
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Table 2. The comparison of weight deficit percentages according to
sex and placental localization.

Variable n (Weight deficit percentage) p

Sex Female  114 (-7.57%) 0.286*
Male  143 (2.45%)

Placental Anterior 67 (0.30%) 0.148*
localization Posterior 72 (3.73%)

Other 8 (3.11%)

*The value p<0.05 was considered statistically significant.

Table 1. Demographic data of the patients.

Variables Data

Age* 29.26 years  (18–48)
Gravida* 2 (1–6)
Parity* 1 (0–5)
Week of gestation* 39.1 (35–42)
Cesarean section† 39.68% (102)
Normal delivery† 60.31% (155)
USG estimated weight‡ 3261.08±4.81 g
Birth weight‡ 3338.48±4.84 g

*Mean (min.–max); †% (n); ‡Mean ± standard deviation
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those found by Çintesun et al. We believe that the differ-
ence results from different characteristics of the popula-
tion included (BMI, amniotic fluid indexes etc.), and dif-
ferent specialists measuring the ultrasonographic estima-
tion of fetal weight. In terms of deficit percentages, we
observed no significant difference between two sex
groups in our study. This difference is greater for female
fetuses. Also, as reported in the study mentioned above,
we found no significant correlation between placental
localization and ultrasonographic estimation of fetal
weight.[1] In terms of weight deficit according to the pla-
cental localization, we observed no significant difference
between the groups in our study. According to our
results, the lowest weight deficit was in fetuses with ante-
rior placental localization. It is anticipated in the litera-
ture that the placental localization may affect the accura-
cy of ultrasonographic estimation of fetal weight; howev-
er, the studies have shown that placental localization does
not affect ultrasonographic estimation of fetal weight
measurement. [1,2]

During gestational follow-ups, the estimation of fetal
weight is the most common procedure in the daily
obstetric practice. The accurate estimation of fetal
weight ensures proper guidance for various matters
from determining the delivery type to the skin incision
during cesarean section and episiotomy length.[3,4] It is
reported in the literature that there are many factors

affecting ultrasonographic estimation of fetal weight
such as fetal presentation, amniotic fluid index, fetal sex,
and maternal body mass index.[2,5] In this study, we
assessed the impacts of placental localization and fetal
sex on ultrasonographic estimation of fetal weight. In
line with the data we have obtained, we have concluded
that both parameters have no impact on ultrasonograph-
ic estimation of fetal weight.
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