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Ultrasound imaging of the fetal optic nerve from 
a different plane 

Erzat Toprak1 , Mehmet Murat Ifl›kalan2

1Perinatology Clinic, Kayseri City Hospital, Kayseri, Turkey  
2Department of Perinatology, Faculty of Medicine, Necmettin Erbakan University, Konya, Turkey

İDİD

Introduction
The optic nerve is an extension of the central nervous
system and is covered with a sheath consisting of three
meninges and some cerebrospinal fluid. The optic nerve
and its sheath together are called the optic nerve com-
plex[1] (Fig. 1).

Imaging of the optic nerve in the intrauterine period
is of great importance in the differential diagnosis of
optic nerve hypoplasia, which is the most common con-
genital optic disc anomaly, and septo-optic dysplasia
(SOD).[2–4] Optic nerve sheath diameter (ONSD) meas-
urement is also used in the prenatal evaluation of

Özet: Fetal optik sinirin farkl› bir plandan ultrason
görüntülemesi 
Amaç: Bu çal›flmada, fetal optik siniri ve k›l›f›n› ultrason ile lateral
oblik bir planda görüntülemeyi amaçlad›k. 

Yöntem: Bu kesitsel prospektif çal›flma, gebeli¤in 20–22. haftas›n-
da anomali taramas› için perinatoloji klini¤imize baflvuran sa¤l›kl›
gebelerle gerçeklefltirildi. Optik sinir k›l›f› çap› (OSKÇ) ölçümle-
ri, ayn› sonografi uzman› taraf›ndan lateral orbital ve retro-orbital
planlarda iki kere yap›ld›. Ultrason süreleri kaydedildi. Gözlemci
içi de¤iflkenli¤i her iki teknik için de hesapland›. Lateral orbital
teknik için Bland-Altman analizi gerçeklefltirildi. 

Bulgular: Çal›flmada toplam 45 gebe de¤erlendirildi. Lateral or-
bital tekni¤in s›n›f içi korelasyon katsay›s› de¤eri 0.722 idi
(p<0.001), bu da OSKÇ’nin ayn› gözlemci taraf›ndan benzer flekil-
de ölçüldü¤ünü göstermektedir. Lateral orbital (LO) teknikle öl-
çülen OSKÇ ortalamas›, retro-orbital (RO) teknikle ölçülen
OSKÇ ortalamas›ndan yüksekti (2.10±0.13 mm’ye karfl› 1.21±0.13
mm, p<0.001). LO teknikle OSKÇ ölçümünün, RO tekni¤e k›yas-
la zaman aç›s›ndan daha etkin oldu¤u belirlenmifltir (129.6±31.3
saniyeye karfl› 228.2±32.7 saniye, p<0.001). 

Sonuç: Lateral orbital tekni¤i kullanarak, lensin gölge artefakt› ol-
maks›z›n optik sinirin ve k›l›f›n›n ayr› ayr› görüntülenebilece¤i so-
nucuna vard›k. Bu teknik ayr›ca, RO teknikten daha k›sa sürmek-
tedir. Manyetik rezonans görüntüleme (MRG) do¤rulamas› ile bu
konuda daha kapsaml› araflt›rmaya ihtiyaç duyulmaktad›r. 

Anahtar sözcükler: Fetal optik sinir, septo-optik displazi, optik si-
nir hipoplazisi, optik sinir k›l›f› çap›.

Correspondence: Mehmet Murat Ifl›kalan, MD. Department of Perinatology, Faculty of Medicine, Necmettin Erbakan University, Konya, Turkey. 
e-mail: muratisikalan@gmail.com / Received: December 3, 2020; Accepted: December 24, 2020
How to cite this article: Toprak E, Ifl›kalan MM. Ultrasound imaging of the fetal optic nerve from a different plane. Perinatal Journal 2021;29(1):1–7.
doi:10.2399/prn.21.0291001
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Abstract

Objective: In this study, we aimed to visualize the fetal optic nerve
and its sheath in a lateral oblique plane by ultrasound. 

Methods: This cross-sectional prospective study was conducted at
20–22 weeks of gestation on healthy pregnant women who applied
to our perinatology clinic for anomaly screening. Optic nerve sheath
diameter (ONSD) measurements were taken from the lateral orbital
and the retroorbital planes twice by the same sonographer.
Ultrasound durations were recorded. Intraobserver variability was
calculated for both techniques. The Bland-Altman analysis was per-
formed for the lateral orbital technique. 

Results: A total of 45 pregnant women were evaluated in the study.
The intraclass correlation coefficient value of the lateral orbital tech-
nique was 0.722 (p<0.001), suggesting that the ONSD was measured
similarly by the same observer. The ONSD mean measured by the
lateral orbital (LO) technique was higher than the ONSD mean meas-
ured by the retroorbital (RO) technique (2.10±0.13 vs 1.21±0.13 mm,
p<0.001). The ONSD measurement with the LO technique was
determined to be more time-effective than the RO technique
(129.6±31.3 vs 228.2±32.7 sec, p<0.001). 

Conclusion: It is demonstrated that by using the lateral orbital tech-
nique, the optic nerve and its sheath can be visualized separately with-
out the shadowing artifact of the lens. This technique also takes less time
than the RO technique. There is a need for more extensive research on
this subject with magnetic resonance imaging (MRI) confirmation. 

Keywords: Fetal optic nerve, septo-optic dysplasia, optic nerve
hypoplasia, optic nerve sheath diameter.
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pathologies such as the absence of cavum septum pellu-
cidum (CSP) and intracranial space-occupying lesions.[4–6]

Generally, retroorbital approaches that visualize the
optic nerve from anterior to posterior have been used for
visualization of the optic nerve.[7]

Currently, ultrasound resolution is thought to be
insufficient to distinguish the optic nerve from the sur-
rounding nerve sheath. Therefore, the optic nerve and its
sheath have always been evaluated together in fetal ultra-
sonography studies performed.[7–9] According to our cur-
rent information, no fetal ultrasonography study has
been conducted to date in order to distinguish the optic
nerve from its sheath. In this study, we aimed to visualize
the fetal optic nerve and its sheath in a different plane
that enables it to be distinguished ultrasonographically.

Methods
This cross-sectional prospective study was conducted
between 20 and 22 weeks gestation on healthy pregnant
women who applied to our perinatology clinic for anom-
aly screening between January and May 2020. The sample
size was calculated with the G*Power 3.1 statistical analy-
sis program (Erdfelder, Faul and Buchner, Düsseldorf,
Germany).[10] The α error probability, effect size and
power of the study were 0.05, 0.5 and 0.95 respectively.
The total required sample size was determined as 45.

This study was approved by the local institutional
Ethics Committee of the hospital. An informed consent
form was read to all pregnant women participating in the
study and their signed approvals were obtained. Healthy
singleton pregnancies were included in the study.
Exclusion criteria included women with chronic disease,
fetal anomalies, multifetal pregnancies, fetal growth
restriction or suspected gestational age. Demographic
information and the obstetric history of all the partici-
pants were recorded. The gestational age was calculated
according to the last menstrual period and confirmed
based on the result of a first trimester ultrasound.

A Samsung HS70A (Hampshire, UK) ultrasound
machine equipped with a 1–7 Mhz convex abdominal
transducer was used for all ultrasound evaluations. All
measurements were performed by a single sonographer
(E.T) who is a maternal-fetal medicine specialist with 15
years of fetal neurosonography experience. All ultra-
sound examinations were performed transabdominally.
First, anomaly screening was performed for all patients.
It was determined that both eyeballs were normal and

there was no cranial anomaly. Placenta location was
determined and recorded as fundal, lateral, anterior or
posterior according to the area covered by more than
fifty percent of the placenta. Then, optic nerve measure-
ments were performed unilaterally. Measurements were
performed after magnification until one orbit remained
in the imaging area. All measurements were performed
by using the magnifiers. The cine-loop function was
used because the optic nerve also moves due to eye
movements. Images of all optic nerve measurements
were recorded and archived.

According to our experience, even for a sonographer
experienced in prenatal ultrasonography, the learning
curve for the LO technique takes about 2 months.
ONSD was measured twice in the lateral orbital (LO)
and retro-orbital (RO) planes. In the preliminary evalu-
ation of 20 patients before the study, it was found that
there was no difference between the measurements away
from the probe and close to the probe. Therefore, due to
time and ergonomic reasons, the optic nerve away from
the probe was measured for the LO technique (Fig. 2).
For the RO technique, optic nerve close to probe was
measured.

Perinatal Journal

Toprak E, Ifl›kalan MM

2

Fig. 1. Schematic view of the eyeball and the optic nerve complex.
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To visualize the optic nerve in the LO plane, the
orbit was viewed laterally relative to the fetal position.
First the lens and then the hyaloid artery was visualized.
In the next step, taking into account the course of the
optic nerve complex (lateral to medial and anterior to
posterior), the probe was angled from the eyeball to the
optical foramen, from the anterior to the posterior and
from the lateral to the medial. The ultrasound probe
insonation angle was adjusted to 90 degrees to the optic
nerve complex. ONSD was measured from the 1.5 mm
posterior of the papilla by including the outer borders
(on to on) (Fig. 3).

Measurements with the RO technique were per-
formed as previously described in the study of Haratz et
al.[7] In this technique, ONSD was measured when the
fetal eye was on the axial plane at lens level and face posi-
tioned towards the probe or at a 45 degree angle from
the midline (Fig. 4). All measurement durations were
recorded using the monitor clock. For each technique,
the arithmetic mean of the two measurement durations
was recorded. The study continued until the required
number of samples was completed.

All the data collected for statistical analysis were ana-
lyzed using the Statistical Package for the Social Sciences
(SPSS), version 23, (SPSS Inc., Chicago, IL, USA).
Descriptive characteristics were calculated for the rele-

vant variables. Continuous and categorical variables
were given as median, mean ± standard deviation or
number (%). The normal distributions of the data were
evaluated using the Kolmogorov-Smirnov test. The
paired-samples t-test, the intraclass correlation coeffi-
cient and the Bland-Altman plots were used to evaluate
consistency between the ONSD measurements.[11]

Results
A total of 45 healthy pregnant women at 20–22 weeks
of gestation were included in this study. The mean age
of the participants was 26.7±5.2 years. Other demo-
graphic data are shown in Table 1.

The ONSD measurement was performed in all 45
pregnant women using the LO technique. The optic
tract was intact in all of the pregnant women. For both
measurements using this technique, the paired-samples
t-test was used to determine intraobserver variability
and no significant difference was found between the
measurements (p=0.310). The intraobserver reliability
was assessed using a two-way random, absolute agree-
ment, average measures intraclass correlation coeffi-
cient (ICC) to assess the degree of reliability between
two different measurements of the same sonographer
when measuring ONSD. The ICC value was 0.722
(95% CI=0.49–0.84, p<0.001) and suggesting that
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Fig. 2. (a) Drawing of optic nerve and angle of the beam away from the ultrasound probe. (b) Drawing of optic nerve and angle of the beam
close to the ultrasound probe. 
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ONSD was measured similarly by the same observer.
The mean of differences was 0.024 mm (95% limits of
agreement -0.28 + 0.33) and the standard deviation was
±0.15 mm in the Bland-Altman plot (Fig. 5).

Optic nerve measurement was performed in 44 of
45 patients with the RO technique. Measurement
could not be performed in one patient because the
fetus was the dorsoanterior position and the patient did
not agree to transvaginal ultrasound. For both meas-
urements using the RO technique, the paired-samples
t-test was used to determine intraobserver variability

and no significant difference was found between the
measurements (p=0.118). The ICC value was 0.677
(95% CI=0.41–0.82, p<0.001), suggesting that the
ONSD was measured similarly by the same observer.

The mean of the ONSD measurements using the
LO technique was 2.10±0.13 mm and the mean of the
ONSD measurements with the RO technique was
1.21±0.13 mm (Table 2). A significant difference was
observed between the ONSD values resulting from
these two measurement techniques (ICC=0.015, 95%
CI=0.20–0.76, p<0.001). The mean duration of the

Fig. 3. Lateral orbital view of the eyeball. These images show the optic nerve and its sheath (long arrow), the hyaloid artery (short arrow) and
eyeball (arrowhead). (a and c) The the small appearance of the optic nerve away from the ultrasound probe in different patients. There
are two orbits on the screen. (b) Optimal measurement of the optic nerve away from the ultrasound probe. There is only one orbit on the
screen. (d) Optimal view of the optic nerve close to the ultrasound probe. There is only one orbit on the screen. F: frontal lobe; N: nose.

a b

c d



ONSD measurement was 129.6±31.3 sec with the LO
technique and 228.2±32.7 sec with the RO technique
(p<0.001) (Table 2). 

Discussion
In this study, we have provided the ultrasonographic
imaging of the fetal optic nerve in the lateral orbital
plane. With this technique, we aimed to demonstrate
that the visualization of the optic nerve is easily applica-
ble, inexpensive, reproducible, time-effective and that
the optic nerve and its sheath can be viewed clearly with-
out the need for high resolution ultrasonography devices.

Although fetal ultrasound evaluation of the optic
nerve was first performed in the 80s, there have been
only a few studies performed with 2D ultrasound since.
These studies were performed on retro-orbital axial
planes.[9] In children and adults, besides axial planes,
coronal approaches have been used to display ONSD,
but both methods have had limitations as to technical
and potential imaging artifacts. In this study, we tried to
display the optic nerve complex, which is difficult in the
fetus, from the lateral orbital angle. We have deter-
mined that this technique is time effective. To the best
of our knowledge, there is no data in the literature
regarding how long this measurement lasts.

In the retro-orbital approach to ONSD measure-
ment, ultrasound waves transmit from anterior to poste-
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Fig. 4. Retro-orbital view showing the optic nerve complex (long ar-
row), eyeball (short arrow) and lens (arrowhead). The lens
is viewed as a hypoechoic area.

Fig. 5. Bland-Altman plot showing intraobserver variability of the op-
tic nerve sheath diameter (ONSD) values measured using the
lateral orbital technique.
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Table 1. Descriptive characteristics of the study population.

Parameter Value

Age (years)* 26.7±5.2

Gravidity† 2 (1.6)

Parity† 1 (0.4)

Gestational age (week)* 21.4±0.7

Number of abortions† 0 (0.2)

BMI (kg/m2)* 26.9±5.0

Placental location‡

Anterior 23 (51.1)

Fundus 15 (33.3)

Posterior 7 (15.6)

Fetal presentation‡

Vertex 22 (48.9)

Breech 18 (40)

Other 5 (11.1)

Data are presented as mean ± SD*, median (range)† or  n (%)‡ as appropri-
ate. BMI: body mass index. 

Table 2. Mean ONSD, duration and ICC values of the lateral orbital
and the retro-orbital techniques.

LO technique RO technique p-value

ONSD (mm) 2.10±0.13 1.21±0.13 p<0.001*

Duration (sec) 129.6±31.3 228.2±32.7 p<0.001*

ICC 0.722 0.677 -

*The paired-samples t-test was performed. ICC: intraclass correlation coeffi-
cient; LO: lateral orbital; ONSD: optic nerve sheath diameter; RO: retro-orbital.



rior and the optic nerve complex is displayed behind the
eyeball. When the ultrasound beam encounters a focal
material that weakens the sound, the strength of the
beam away from this structure will be weaker than the
surrounding area (attenuation artifact or shadowing).[12]

Therefore, retro-orbital techniques actually measure the
shadow of the optic disc, not the axial nerve sheath. In
contrast to measuring a true anatomical structure, it can
be expected that it will be difficult to accurately measure
the shadow artifact. This may be a major disadvantage,
especially in the differential diagnosis of conditions such
as optic nerve hypoplasia. However, while ONSD is
measured in the lateral orbital plane as we defined in this
study, ultrasound waves do not encounter the dense
structure of the lens.

Another technique used by ophthalmologists for
ONSD measurement is coronal imaging. This tech-
nique is mostly used to prevent the lens from causing
shadowing artifacts.[13] In a study where Blehar et al.
compared the axial and coronal planes in ONSD meas-
urement in adults, coronal and axial (visual axis) meas-
urements were found to be quite different from each
other.[14] To the best of our knowledge, there is no study
on coronal technique in the evaluation of fetal optic
nerve. In one study, it was revealed that even the distal
part of the optic nerve sheath can be viewed with a high
resolution 3.0 Tesla magnetic resonance imaging
(MRI). The distal part (i.e. posterior) of the optic nerve
is thinner and more difficult to measure. In the same
study, it was shown that the optic nerve narrows from
anterior to posterior.[15] An imaging technique that can
demonstrate this, other than MRI, has not yet been
defined. However, it is possible to show that the optic
nerve narrows towards the posterior in ultrasound meas-
urements with the LO technique (Fig. 3).

Studies have shown that ONSD expands with
increased intracranial pressure in children and
adults.[16–18] Haratz et al. also showed that fetal ONSD is
wider in the presence of an intracranial mass that
increases intracranial pressure in fetuses.[7] In our study,
the optic nerve sheath was measured from the 1.5 mm
posterior of the papilla, showing compatibility with
Haratz et al. Since the optic nerve tract can be easily
monitored through the LO approach, standardization is
easy, such as by axial measurement.

Haratz et al. published optic nerve percentiles in
another study.[8] Bault et al. also performed optic nerve

measurements with 3D ultrasonography and published
their percentiles.[19] It is noteworthy that reference inter-
vals determined in the study by Haratz et al. are smaller
than values obtained by 3D ultrasound imaging by Bault
et al.[7] The results we found in our study are closer to the
3D measurements of Bault et al. Alonso et al. showed that
optic chiasm can be fully visualized by fetal ultrasonogra-
phy.[20] In their study, Vinal et al. showed that it would be
possible to evaluate fetal  optic chiasm from the coronal
plane with transvaginal ultrasound.[21] However, optic
nerve measurement was not defined in these studies.

Considering that optic nerve hypoplasia is the most
common congenital optic disc pathology and is one of
the major causes of blindness and may accompany other
anomalies, the importance of optic nerve imaging is bet-
ter understood.[22] However, optic nerve measurement is
not included in routine screening guidelines.[23] Since the
LO technique is easy and time-effective, it may be sug-
gested that the optic nerve become a part of routine
scans in the future.

This study is the first to describe the lateral orbital
plane in optic nerve imaging. It is possible to evaluate
the optic nerve and its sheath separately from this plane.
However, this study has limitations. First, interobserver
variability has not been evaluated and the sample size
was relatively small. Secondly, measurements were per-
formed only in fetuses in the 20–22 week period. The
main deficiency of this study, and indeed all other stud-
ies related to fetal optic nerve measurement, is that MRI
confirmation, which is the gold standard for OSND
measurements, could not be performed.

Conclusion
In this study, we showed that by using the lateral
orbital technique, the optic nerve and its sheath can be
visualized separately without the shadowing artifact of
the lens. This technique also takes less time than the
RO technique. There is a need for more extensive
research on this subject with MRI confirmation.
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The comparison of amniotic fluid nuclear
factor-kappa B levels in pregnant women who 

underwent cesarean section or normal vaginal labor 
Suat Süphan Erflahin

Department of Obstetrics and Gynecology, Faculty of Medicine, Alt›nbafl University, ‹stanbul, Turkey

İD

Özet: Sezaryen veya normal vajinal do¤um yapan
gebelerde amniyotik s›v› nükleer faktör-kappa B
düzeylerinin karfl›laflt›r›lmas›
Amaç: Do¤um öncesi dönemde amniyotik membranlarda meyda-
na gelen inflamatuvar de¤ifliklikler zarlar›n y›rt›lmas›nda ve do-
¤um eyleminin bafllamas›nda kritik bir öneme sahiptir. Normal va-
jinal do¤umlar ile sezaryen (C/S) do¤umlar›n zarlarda yapt›¤› inf-
lamatuvar de¤ifliklikler birbirinden farkl›d›r. Nükleer faktör-kappa
B (NF-κB) biyolojik s›v› ve dokularda inflamasyon de¤ifliminin te-
mel hücresel belirtecidir. Bu çal›flma normal vajinal do¤um olgu-
lar› ile acil olmayan C/S do¤um yapan olgular›n amniyotik s›v›
NF-κB (AF-NF-κB) konsantrasyonlar›n› karfl›laflt›rmak için plan-
lanm›flt›r. 
Yöntem: Ciddi fetal ve maternal problemi olmayan 100 tekil term
gebelik olgusu çal›flmaya dahil edildi. Gebeler her grupta 50 hasta
olmak üzere iki gruba ayr›ld›. Gebelik haftas› son adet tarihi ve ul-
trasonografi ölçümlerine göre hesapland›. Gruplar klinik koryo-
amniyonit ve erken membran rüptürü öyküsü olmayan ve normal
vajinal do¤um karar› verilen 50 hasta ve maternal veya perinatal
nedenlerle sezaryen karar› verilen 50 term gebeden oluflmakta idi.
Sezaryen veya normal vajinal do¤um s›ras›nda amniyotik s›v› ör-
nekleri al›nd›. C/S olgular›nda zarlar›n bistüri ile aç›lmas›n› taki-
ben, vajinal do¤um olgular›nda ise spontan veya artifisyel zar y›r-
t›lmas›n› takiben amniyotik s›v› örnekleri al›nd›. AF-NF-κB kon-
santrasyonlar› ELISA yöntemi ile de¤erlendirildi. 
Bulgular: Normal vajinal do¤um yap›lan gruptaki hastalar›n AF-
NF-κB düzeyleri, C/S grubundaki hastalar›n AF-NF-κB düzeyle-
rinden anlaml› düzeyde yüksek bulundu. AF-NF-κB seviyeleri
normal vajinal do¤um grubunda yaklafl›k 2 kat daha yüksekti
(1.44±0.40 ng/ mL’ye karfl› 0.71±2.60 ng/mL, p<0.001). Normal
vajinal do¤um yapan hastalarda fetal do¤um a¤›rl›¤› ile AF-NF-κB
seviyeleri aras›nda pozitif ancak anlams›z bir korelasyon saptand›.
C/S ile do¤um yapan hastalar›n AF-NF-κB düzeyleri ile demogra-
fik ve klinik özellikleri aras›nda anlaml› bir iliflki saptanmad›. 
Sonuç: Normal vajinal do¤um C/S olgular›na göre artm›fl AF-
NF-κB konsantrasyonlar› ile iliflkilidir. AF-NF-κB düzeyleri
spontan fetal membran rüptürünün potansiyel bir prediktörü gibi
görünmektedir. 

Anahtar sözcükler: Amniyotik s›v›, NF-κB, normal vajinal do¤um,
sezaryen.
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Abstract

Objective: Inflammatory changes in the amniotic membranes dur-
ing prenatal period have a critical important in the rupture of mem-
branes and the onset of labor. The inflammatory changes in the
membranes caused by normal vaginal labors and cesarean sections
(C/S) are different than each other. Nuclear factor-kappa B (Nf- κB)
is the basic cellular marker of the inflammation change in biological
fluids and tissues. We planned this study to compare amniotic fluid
NF-κB (AF-NF-κB) concentrations in normal vaginal labor cases
and those who underwent non-emergency C/S. 
Methods: One-hundred singleton term pregnant women who did
not have any serious fetal and maternal problems were included in
the study. The pregnant women were separated into two groups,
which contained 50 cases each. The week of gestation was calculated
according to the last menstrual period and ultrasonography measure-
ments. The groups included 50 patients who did not have the histo-
ry of clinical chorioamnionitis and preterm premature rupture of
membranes and were decided to have normal vaginal labor, and 50
term pregnant women who were decided to have cesarean section
due to maternal or perinatal reasons. The amniotic fluid samples
were collected during cesarean section or normal vaginal labor. After
opening the membranes by scalpel in C/S cases and following spon-
taneous or artificial membrane rupture in vaginal labor cases, the
amniotic fluid samples were collected. AF-NF-κB concentrations
were evaluated by ELISA method. 
Results: AF-NF-κB levels of the patients in the group of normal vagi-
nal labor were significantly higher than AF-NF-κB levels of the
patients in C/S group. AF-NF-κB levels were about 2 times higher in
the group of normal vaginal labor (1.44±0.40 ng/ mL vs. 0.71±2.60
ng/mL, p<0.001). There was a positive but insignificant correlation
between the fetal birth weight and AF-NF-κB levels in the patients
who underwent normal vaginal labor. There was no significant corre-
lation between AF-NF-κB levels and demographic and clinical char-
acteristics of the patients who underwent labor by C/S. 
Conclusion: Normal vaginal labor is associated with the increased AF-
NF-κB concentrations compared to C/S cases. AF-NF-κB levels seem
to be a potential predictor for the spontaneous fetal membrane rupture. 

Keywords: Amniotic fluid, NF-κB, normal vaginal labor, cesarean
section.
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Introduction
The correlation between inflammation and nuclear
factor-kappa B (NF-κB) has led us to change our
knowledge on how physiological process works. NF-
κB is a molecule which exists in all cells and biological
fluids in physiological amounts and is the major mark-
er of cellular inflammation. Its presence in amniotic
fluid is a known fact. NF-κB is a molecule consisting of
homodimers and heterodimers, and it has five sub-
units. The sub-units are p50/p105 (NF-κB1),
p52/p100 (NF-κB2), p65 (RelA), c-Rel, and RelB.[1,2]

The activation of any sub-unit by local or systemic
stimuli activates the transcription of many inflammato-
ry genes. NF-κB dimers are located in cell cytoplasm
in a way attached to kappa B protein a (IκBa) inhibitor
which blocks nuclear translocation of NF-κB.
Following the extracellular signals or inflammatory
stimulus, NF-κB1 (p105) gets into the nucleus and
transforms into p50 by binding to DNA. This binding
causes IκBa phosphorylation and enables NF-κB[2–4]

release. The released dimers bind to DNA, reach the
nucleus and activate various inflammatory pathways.[5,6]

The inflammatory changes in amniotic membranes
during prenatal period have a critical importance in the
rupture of membranes and the onset of labor. The
basic enzymes which have a role in the rupture of
amniotic membranes are metalloproteinase urokinase
type plasminogen activator and tissue plasminogen
activator.[7,8] The relationship between these enzymes
and NF-κB levels are shown in other systems.[1–4] On
the other hand, no study was found in the literature
addressed on the changes of amniotic fluid NF-κB
(AF-NF-κB) levels in normal labor and cesarean sec-
tion labor cases.[9,10] The differences caused by normal
labor and C/S labor on amniotic fluids and membranes
are different from each other. For the onset of normal
labor, both enzymatic degradations and inflammatory
reactions should increase in the amniotic mem-
branes.[10] On the other hand, the changes occurring in
amniotic fluids and membranes would be less distinct
as most of the C/S procedures are carried out before
the onset of labor.

Inflammatory reactions developing in the amniotic
membranes are the basic mechanisms for cervical dila-
tion, the rupture of membrane and the onset of labor.
The inflammatory changes on the membranes caused
by normal vaginal labors and C/S labors are different

from each other. NF-κB is the basic cellular marker of
inflammation change in biological fluids and tissues.
We planned this study to compare AF-NF-κB concen-
trations in normal vaginal labor cases and those who
underwent non-emergency C/S. This would be the
first study investigating the differences between nor-
mal labors and C/S labors caused by inflammatory
reactions in the amniotic fluids.

Methods
Fifty patients who did not have the history of clinical
chorioamnionitis and preterm premature rupture of
membranes (PPROM) and were decided to have normal
vaginal labor, and 50 term pregnant women who were
decided to have cesarean section due to maternal or peri-
natal reasons were included in the study. All patients
included in the study were chosen from those with sin-
gleton pregnancy. Multiple pregnancy cases were
excluded from the study. Gestational age was deter-
mined by using two different methods, which were the
last menstrual period and prenatal ultrasound examina-
tion at the first 14 weeks of gestation. The cases with
PPROM history, emergency C/S cases, the patients with
placenta previa or ablatio placentae, the patients with the
history of diabetes mellitus or gestational diabetes melli-
tus and those decided to have C/S due to preeclampsia
and eclampsia were excluded from the study. The
patients with the history of systemic inflammatory dis-
ease or recurrent urinary infection were also excluded
from the study. The cases who were decided to have nor-
mal vaginal labor but switched to C/S due to obstetric or
perinatal reasons were excluded from the study as well.
In normal vaginal labor cases, amniotic fluid samples
were collected following spontaneous membrane rup-
ture or artificial membrane rupture. The membranes
were ruptured artificially in most of the cases in order to
standardize sample collecting. The patients who had
spontaneous membrane rupture at home and applied to
hospital for labor were excluded from the study. In most
of the normal vaginal labor cases, cervical dilation
occurred at 5–6 cm, and the effacement recorded was
about 70–80%. In the breech presentation cases, cervical
canal changes were not included in the study as they
were different than cephalic presentation. In C/S cases,
amniotic fluid samples were collected after fetal mem-
branes were incised and before fetal part was removed by
hand. It was paid attention not to contaminate the sam-
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ples by blood. The samples containing high levels of
blood and vernix caseosa were not included in the study.
The samples containing middle levels of blood and
vernix caseosa were included in the study after centrifug-
ing them.

NF-κB1 (p105) analysis in the amniotic fluid by
ELISA method

Amniotic fluid NF-κB1 (p105) sub-unit concentrations
were measured by enzyme-linked immunosorbent
assay (ELISA) in all cases of normal labor and C/S.
This immunological test kit (USCN Life Sci Inc,
Wuhan, China) is used for the in vitro quantitative
assay of human NF-κB1 (p105) concentrations in
serum, plasma, urine, tissue homogenates and other
biological fluids. Amniotic fluid sample was treated by
phosphate buffered saline to remove vernix caseosa and
blood. Then AF samples were kept -20°C until analy-
sis after centrifuging them at 3000 rpm for 5 minutes.
AF-NF-κB levels were analyzed according to the
method specified in the kit. The detection range of the
kit is between 0.312 and 20 ng/mL. The intra-assay
and inter-assay variation coefficients for AF-NF-κB1
(p105) were found <10% and <12%, respectively. The
results were presented as ng/mL.

Statistical analysis

SPSS Statistics 21.0 (SPSS Inc., Chicago, IL, USA) was
used for the statistical analysis. The data were tested by
Kolmogorov-Smirnov test to check if they had normal
distribution, and all variables were found to be normal.
While constant variables were analyzed by post-hoc
Tukey procedure, variance analysis test and Mann-
Whitney U test while the categorical data were analyzed
by Pearson chi-square test. Pearson’s correlation analy-
sis was used to determine the correlation between AF-
NF-κB levels and other parameters. The value of p<.05

was considered as the significance level. The results were
presented as mean±SD.

Results
The demographic and laboratory characteristics of the
patients who delivered by normal vaginal labor or C/S are
shown in the Table 1. There was no difference between
the groups in terms of age, week of gestation, fetal birth
weight, gravida and parity. AF-NF-κB levels of the
patients in the group of normal vaginal labor were found
significantly higher than AF-NF-κB levels of the patients
in the C/S group (p<0.001). AF-NF-κB levels were
approximately 2 times higher in the group of normal
vaginal labor than the patients in the C/S group
(1.44±0.40 ng/mL vs. 0.71±2.60 ng/mL, p<0.001). A pos-
itive correlation was found between fetal birth weight and
AF-NF-κB levels in the group of normal vaginal labor.
However, this correlation had a low r value and was not
statistically significant (r=0.34, p<0.40). Similarly, there
was no significant correlation between AF-NF-κB levels
and maternal and fetal parameters in the C/S group.

Discussion
The mechanisms initializing labor in human have been
unclear. However, there is a known fact that the labor is
a process that multiple systems work in a coordinated
way. The collective actions of mother, fetus and its com-
ponents merge in a single pathway, which is called
inflammatory pathway. A distinct increase occur in the
synthesis and release of placental corticotropin releasing
hormone towards the end of pregnancy. This increase
stimulates the synthesis of many inflammatory mole-
cules, and prostaglandins in particular. The activation of
inflammatory reactions stimulates MMPs, uPA and tPA
enzymes which exist in the fetal membranes intensively,

Table 1. Demographic and laboratory characteristics of the patients who delivered by normal vaginal labor and cesarean section (C/S). 

Normal vaginal labor (n=50) Labor by C/S (n=50) p-value

Age (year) 29.13±0.33 28.02±1.09 0.33

Gravida 3.17±0.40 2.23±0.40 0.13

Parity 2.30±9.43 1.77±0.40 0.09

Week of gestation 37.60±9.77 37.11±9.42 0.54

Fetal weight (gram) 2987.12±123.1 2885.34±233.4 0.59

AF-NF-κB (ng/mL) 1.44±0.40 0.71±2.60 0.001
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resulting in the weakening and the rupture of fetal mem-
branes.[7,8] NF-κB, which is in the cell cytoplasm during
prenatal period in an inhibited state, is activated by hor-
monal and local stimulations which initiate the labor.[1–4]

The cytokines, prostaglandins, nitric oxide and steroid
hormones which intensify in fetal membranes and amni-
otic fluid during the prenatal period are the basic stimuli
increasing the local synthesis of NF-κB in fetal mem-
branes.[11] The increase of cytokines in fetal membranes
and amniotic fluid stimulates NF-κB and enables it to
get into nucleus.[4–7] After reaching nucleus, NF-κB caus-
es the activation of many target genes and inflammation
peak via some proteins. The common and final result of
all these reactions is the rupture of fetal membranes. In
our study, we found that the AF-NF-κB levels of the
normal labor cases were two times higher than the AF-
NF-κB levels of the C/S cases. The reason for the lower
NF-κB levels in C/S group than the normal vaginal
labor group may be their non-exposure to the active
labor. This information makes us strongly think that the
labor should start in order for the inflammatory process
to start in fetal membranes and amniotic fluid.

We clearly showed in our study that NF-κB levels,
which is the basic inflammatory marker, are significant-
ly higher in the amniotic fluid of the cases who under-
went normal vaginal labor than those of C/S cases. This
elevation in NF-κB levels is the clear sign showing that
normal labor occurred as a result of an inflammatory
process. Non-presence of any correlation between AF-
NF-κB levels and obstetric and demographic parameters
indicates that NF-κB synthesis and release have a unique
and independent functionality.

We do not know when the intensive increase seen in
AF-NF-κB levels starts and what is the basic triggering
mechanism. The increase in the synthesis and release of
cytokines, prostaglandins, nitric oxide and sex steroids
before labor can be the beginning of extracellular matrix
and collagen degradation.[7,8,11] These enzymes trigger the
synthesis and release of NF-κB both in fetal membranes
and amniotic fluid. At physiological level, local infection
and microbiota invasion also causes chorioamnionitis
and stimulates NF-κB synthesis.[2–4] NF-κB leads to the
rupture of membranes and the onset of labor by reach-
ing critical threshold in the fetal components and amni-
otic fluid.[5,6]

One of the major limitations of the study is the
exclusion of the cases who switched to C/S due to
obstetric or perinatal reasons although they were

planned to have normal vaginal labor. In fact, if it was
possible to evaluate these cases as a separate group, the
correlation between AF-NF-κB levels and the duration
spent during labor could be presented. Studies assessing
such patients who had to switch to C/S are needed in
order to determine the impact of enzymatic changes and
inflammatory conditions occurring in cervix and mem-
branes during labor on NF-κB levels. In this way, it can
be revealed if the change in NF-κB levels is associated
with labor or not.

If NF-κB expression levels are responsible for the
rupture of amniotic membranes in term labors, the same
mechanism may also be responsible for preterm labor
and premature rupture of membranes. Chorioamnionitis
is one of the major underlying reasons for both preterm
labor and premature rupture of membranes. The infec-
tions of decidua and amnio-chorionic membranes stim-
ulate NF-κB expression and may lead to the inflamma-
tion and then rupture of membranes. The rupture of
membrane may be associated with the injury of collagen
structure due to increased inflammatory cytokines, and
cytokines may cause preterm labor or premature rupture
of membranes by blocking progesterone receptors and
stimulating prostaglandin synthesis. There is no study
investigating AF-NF-κB levels in PPROM cases. If it
can be confirmed that AF-NF-κB levels increase in the
cases of preterm labor and premature rupture of mem-
branes, it may enable new options to be included in our
clinical practice for the follow-up and treatment proce-
dures of the cases. There may be opportunities to use
NF-κB inhibitors in the preterm labor and premature
rupture of membranes for that purpose.

Conclusion
In our study, we confirmed the hypothesis asserting that
the inflammatory pathways work more actively in the
cases of normal vaginal labor compared to C/S cases and
initiate labor by enabling the spontaneous rupture of
fetal membranes by scientific data. Conducting studies
which investigate the relationships between NF-κB lev-
els and post-term pregnancies and PPROM cases would
help to understand the role of NF-κB in human labor
better. Making the relationship between NF-κB path-
way and labor clearer would provide following opportu-
nities for obstetricians: (i) the use of NF-κB activators in
the management of post-term pregnancies, (ii) prevent-
ing early activation of NF-κB pathway, (iii) addressing
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the use of NF-κB analogues for the induction of preg-
nancies. In conclusion, more comprehensive studies are
required to use AF-NF-κB levels routinely in normal
labors, C/S, PPROM and complicated pregnancies.
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Evaluation of the impact of residual anhydramnios
following preterm premature rupture of membranes

on respiratory distress syndrome 
Erdem fiahin ,Yusuf Madenda¤

Department of Obstetrics and Gynecology, Medical School, Erciyes University, Kayseri, Turkey

İDİD

Özet: Preterm erken membran rüptürü sonras›
rezidüel anhidramniyozun respiratuvar distres
sendromu üzerindeki etkisinin de¤erlendirilmesi
Amaç: Çal›flmam›z›n amac›, gebeli¤in yak›n izlem flekilde yönetil-
mesinden sonra preterm erken membran rüptürü sonras› rezidüel
anhidramniyozun respiratuvar distres sendromu (RDS) üzerindeki
etkisini de¤erlendirmekti. 

Yöntem: Bu çal›flma, Erciyes Üniversitesi T›p Fakültesinde ret-
rospektif olarak gerçeklefltirildi. Çal›flmada, gebeli¤in 24 ile 28.
haftalar› aras›nda yak›n izlem PEMR yönetimi için 2010 ile 2020
y›llar› aras›nda hastaneye baflvuran tekil gebelik olgular› de¤erlen-
dirildi. Hastalar flu üç gruba ayr›ld›: (1) anhidramniyoz, (2) oligo-
hidramniyoz, (3) normal amniyotik s›v› hacmi (ASH). Ana sonuç
ölçümleri ‹lk de¤erlendirme baflvurudaki ASH iken birincil sonuç
neonatal RDS idi. RDS için düzeltilmifl olas›l›k oranlar› (aOR) ve
%95 güven aral›¤› (GA); PEMR’de gestasyonel yafl (GY), do¤um-
da GY, gecikme dönemi, do¤um a¤›rl›¤› persantili, sezaryen do-
¤um ve koryoamniyonit bak›m›ndan düzeltilen her bir baflvuruda-
ki ASH için hesapland›. 

Bulgular: PEMR’li 440 kad›n›n 261’i çal›flmaya dahil olma kriter-
lerini karfl›lad›. Baflvuruda normal ASH’li 125 (%47.8) olgu, oligo-
hidramniyozlu 71 (%27.3) olgu ve anhidramniyozlu 65 (%24.9)
olgu vard›. Maternal demografik özellikler, gruplar aras›nda ben-
zerdi. Do¤um a¤›rl›¤›, gruplar aras›nda anlaml› flekilde farkl›yd›.
RDS, anhidramniyoz grubunda en yüksek seviyedeydi (%64.6).
Azalm›fl ASH, baflvuruda oligohidramniyoz veya anhidramniyoz
grubunda RDS ile iliflkili de¤ildi. PEMR’de GY, 30 günden büyük
gecikme dönemi ve sezaryen do¤um, sonuçta ortak faktörlerdi. 

Sonuç: Sonuçlar›m›z, oligohidramniyoz ve anhidramniyozun
RDS riskiyle iliflkili olmad›¤›n›, fakat PEMR ve do¤umda GY’nin,
gecikme döneminin ve sezaryen do¤umun ba¤›ms›z olarak RDS
riskiyle iliflkili oldu¤unu göstermektedir. 

Anahtar sözcükler: Preterm erken membran rüptürü, amniyotik s›-
v› hacmi, rezidüel anhidramniyoz, respiratuvar distres sendromu.
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Abstract

Objective: The aim of the present study was to evaluate the impact
of residual anhydramnios following preterm premature rupture of
membranes (PPROM) on respiratory distress syndrome (RDS) after
the pregnancy was expectantly managed. 

Methods: This study was retrospectively conducted at Erciyes
University Medical School, Turkey. It assessed women with single-
ton pregnancies admitted to the hospital between 2010 and 2020 for
expectant management of PPROM between 24th and 28th gesta-
tional weeks. The patients were divided into three groups as follows:
(1) anhydramnios, (2) oligohydramnios, (3) normal amniotic fluid
volume (AFV). Main outcome measure was as follows: The first eval-
uation was AFV at admission and the primary outcome was a neona-
tal RDS. Adjusted odds ratios (aOR) and 95% confidence interval
(CI) for RDS were calculated for each AFV-at-presentation adjusting
for gestational age (GA) at PPROM, GA at delivery, latency period,
birth-weight percentile, cesarean birth, and chorioamnionitis. 

Results: Of the 440 women with PPROM, 261 fulfilled the inclusion
criteria. There were 125 (47.8%) with normal AFV, 71 (27.3%) with
oligohydramnios, and 65 (24.9%) with anhydramnios at admission.
The maternal demographic characteristics were similar among the
groups. Birth weight was significantly different among the groups.
RDS was highest in the anhydramnios group (64.6%). Decreased
AFV was not associated with RDS in either oligohydramnios or anhy-
dramnios at presentation. A GA at PPROM, latency period >30 days,
and cesarean delivery were co-factors in the outcome. 

Conclusion: Our results indicated that oligohydramnios and anhy-
dramnios were not associated with RDS risk, but GA at PPROM and
delivery, latency period, and cesarean delivery were independently asso-
ciated with the RDS risk. 

Keywords: Preterm premature rupture of membranes, amniotic
fluid volume, residual anhydramnios, respiratory distress syndrome.
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Introduction
Preterm premature rupture of membranes (PPROM),
defined as fetal membrane rupture without signs of labor
<37 weeks gestation, seriously complicates 3–4% of all
pregnancies and is a major risk for perinatal morbidity
and mortality. Fetal death from PPROM may occur
mainly due to reasons such as preterm birth, anhydram-
nios, umbilical cord compression, prolapsed umbilical
cord, perinatal infection and abruptio placentae.[1–4]

Amniotic fluid is required for normal fetal development
and growth.[5] Fetal pulmonary development depends on
sufficient amniotic fluid; hence severe oligohydramnios
during pregnancy can cause pulmonary hypoplasia.[6,7]

Pulmonary hypoplasia is mainly associated with severe
oligohydramnios <22 weeks gestation.[6,8,9]

Respiratory distress syndrome (RDS) is a wide-
spread and life-threatening disease of neonates and a
major cause of morbidity and mortality in premature
infants.[10] Surfactant is a liquid made by the lungs of an
unborn baby beginning at ~26 gestational weeks that
keeps the airways open and allows a baby to breathe in
air after delivery. When there is a surfactant deficien-
cy, RDS develops and can lead to abnormal respirato-
ry function as the baby proceeds to neonatal life;[10]

hence, it is critical that this condition be determined
early in the pregnancy.[11] The aim of the present study
was to evaluate the impact of residual oligohydramnios
and anhydramnios after PPROM on RDS even when
the pregnancy was expectantly managed.

Methods
This study was retrospectively conducted at Erciyes
University Medical School, Turkey, and approved by
the ethics committee of the university (2019/51); it was
conducted in accordance with the Declaration of
Helsinki. The present study assessed women with a
singleton pregnancy admitted to Erciyes University
Medicine School with PPROM at 24+0 to 28+6 weeks
of gestation between January 1, 2010 and June 1, 2020,
and who had undergone expectant management. We
wanted to evaluate impact of long-term latency period
(>20 days) on RDS, hence; pregnant women with
PPROM at 24th to 29th weeks of gestation were
included to the study. The exclusion criteria were as
follows: (1) necessity of immediate delivery, (2) multi-
fetal gestations, (3) cases with missing data, (4) major
fetal anomaly, (5) chronic hypertension, (6) gestational

hypertension, (7) preeclampsia, (8) intrauterine growth
restriction, (9) collagen vascular disease, (10) gestation-
al diabetes mellitus, (11) types 1 and 2 diabetes, or (12)
chronic systemic disease. The flow chart of the study
population is illustrated in Fig. 1.

We identified the patients diagnosed with PPROM
from the hospital’s database, subsequently, we exam-
ined the demographic characteristics, medical and
obstetric history, age of gestation (GA) in diagnosis of
PPROM, duration of the latency period, and complica-
tions related to pregnancy treatment (e.g. chorioam-
nionitis, maternal sepsis, or placental abruption).
Newborn characteristics were also evaluated for RDS,
birth weight, GA at delivery, and Apgar assessment.

Amniotic fluid volume (AFV) was the primary clin-
ical measure of a membrane rupture on presentation to
the hospital and the ultrasound examination was con-
ducted that included an estimation of fetal weight and
a biophysical profile. During the first clinical examina-
tion of those admitted to the clinic with membrane
rupture, a four-quadrant technique was used to ultra-
sonographically measure AFV. An anhydramnios AFI
is defined as ≤2 cm, oligohydramnios AFI as 2–5 cm,
and normal AFI as 8–24 cm.[12] The PPROM patients
studied were divided into the following three groups
for assessing residual AFV: (1) anhydramnios, (2)
oligohydramnios, and (3) normal AFV.

The primary outcome to be assessed in the present
study was neonatal RDS, which was identified by some
pediatricians who was blinded to the Doppler evalua-
tions. Other factors in an RDS diagnosis were the exis-
tence of diffuse, fine, granular densities and decreased
pulmonary volume with a higher oxygen necessity.[13]

A trained obstetrician diagnosed PPROM after the
patient was admitted to the hospital. The presence of
amniotic fluid either passing through the cervix or pool-
ing in the uterine fornix indicated PPROM. The
nitrazine paper test and a ferning pattern seen on the
dried vaginal secretions indicated the presence of amni-
otic fluid and a ruptured membrane. The date of the
beginning of the patient’s last menstrual cycle was used
to determine her gestational week; if that date was not
known, the gestational age was calculated using ultra-
sonographic measurements taken during the first
trimester. The protocol comprised monitoring daily
vital signs and uterine tenderness, administered a non-
stress test twice/day, assessing the biophysical profile
twice/week, and administering 1 g azithromycin orally
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at admission. While hospitalized, 2 g ampicillin was
administered intravenously every 6 h for 2 day, followed
by 500 mg amoxicillin orally three times/day or 875 mg
orally two times/day for an additional 5 day.[14] Vaginal
examinations were refrained during the pregnant
woman was asymptomatic. If necessary, a sterile specu-
lum inspection was opted to digital examination.
PPROM women with a cervical cerclage were assessed
for whether to remove the cerclage.[15] After the diagno-
sis of PPROM, two doses of 12 mg betamethasone were
administered intramuscularly every 24 hours.[16]

Magnesium sulfate was applied for impact of fetal
neuro-protection in women who gave birth at before 32
weeks of gestation.[17] Women with PPROM who were
at risk of intrauterine infection or placental abruption or
who had non-reassuring fetal testing or a high risk of
cord prolapse were counseled on the preference of an
expeditious delivery. If both the mother and the fetus
were stable, the pregnancy continued to be managed and
delivery was preferred at 34th weeks. A diagnosis of
chorioamnionitis was made if the woman had a temper-
ature of ≥38.0°C without cause not related to the preg-
nancy, and at least two of the following conditions were

observed: leukocytosis, new-onset foul-smelling vaginal
discharge, uterine tenderness, maternal or fetal tachy-
cardia.[18] In the absence of congenital anomalies, fetal
growth restriction (FGR) was diagnosed according to
Delphi consensus criteria.[19] Maternal sepsis was identi-
fied when there were symptoms belong to end-organ
dysfunction such as hypotension, oliguria, high creati-
nine, diffuse intravascular coagulation, or respiratory
failure in the presence of maternal infection such as
tachycardia, positive blood cultures and fever. Placental
abruption was diagnosed based mainly on evidence of
new onset vaginal bleeding, recurring painful contrac-
tions, and bloody amniotic fluid or blood clots in the
placenta during birth.

Statistical analyses were conducted using SPSS ver-
sion 20.0 (IBM Inc., Armonk, NY, USA). The Kruskal-
Wallis H test was used to test the normality of the data.
The Levene test was used to evaluate the assumption of
variance homogeneity; values are expressed as the mean
± standard deviation, median (25th–75th percentile), or
n (%). One-way analysis of variance was used to compare
multiple groups after evaluating for normal distribution.
Multivariate logistic regression analysis was used to
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Fig. 1. Flow chart for the study population. 
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assess the relationship between the AFV at presentation
and the primary outcome (the normal AFV group was
used as reference), while adjusting for possible con-
founding factors including chorioamnionitis, GA at
PPROM, GA at delivery, latency period, birth weight,
and cesarean birth.

Results
Of the 440 women applied with PPROM in the period
of study, 261 fulfilled the inclusion criteria (see Fig. 1;
flow chart). There were 125 (47.8%) patient with normal
AFV, 71 (27.3%) with oligohydramnios, and 65 (24.9%)
with anhydramnios at admission. Demographic features
of the all study patients according to AFV at admission
are showed in Table 1. Maternal age, nulliparity, body
mass index, ethnicity, and previous cesarean delivery
were similar among the groups (p=0.330, p=0.680,
p=0.320, p=0.650, and p=0.580, respectively).

Maternal and newborn outcomes in all study groups
are showed in Table 2. Birth at a GA earlier than that in
the normal AFV and oligohydramnios groups (p<0.001)
was primarily a result of the differences in the time of the
latency period; this period was lower in anhydramnios
group than in the others (p<0.001). There were no sig-
nificant differences among the groups in terms of cesare-
an delivery, chorioamnionitis, maternal sepsis, placental
abruption, or cord prolapse (p=0.920, p=0.480, p=0.240,
p=0.870, and p=0.470, respectively). The rate of RDS
was 64.6% in the anhydramnios group, 39.4% in the
oligohydramnios group and 26.4% in the normal-AFV
group. The rate of RDS was the greatest in the anhy-
dramnios group (p<0.001) (Table 2). Birth weight was
1488±208 g in anhydramnios group, 1716±183 g in
oligohydramnios group, and 2002±159 g in normal-AFV
group, a significant difference among the groups
(p<0.001). There were no significant differences among
the groups with regard to birth weight percentile, umbil-

ical cord pH<7.20, and 5-minute Apgar score <7
(p=0.740, p=0.220, and p=0.360, respectively).

When the normal-AFV group was used as the refer-
ence, a multivariate logistic regression analysis was used
to assess the relationship between the AFV at admission
and the primary outcome; the data were adjusted for pos-
sible confounding factors, such as GA at PPROM, GA at
delivery, latency period >30 d, birth-weight percentile,
cesarean delivery, and chorioamnionitis. After adjusting
for the variables, we observed that a decreased AFV was
not associated with RDS for both oligohydramnios
(adjusted odds ratio [AOR], 4.42; 95% confidence inter-
val [CI], 0.21-07.30) and anhydramnios (AOR, 7.83; 95%
CI, 0.54-77.45) at presentation (Table 3). Other factors
that were independently related to the primary outcome
were GA at PPROM (AOR, 0.38; 95% CI, 0.17–0.86),
GA at delivery (AOR, 0.14; 95% CI, 0.04–0.54), latency
period>30 d (AOR, 0.18; 95% CI, 0.05–0.54), and cesare-
an birth (AOR, 2.66; 95% CI, 1.25–5.68).

Discussion
Respiratory distress syndrome continues to be a com-
mon and life-threatening disease in neonates, particular-
ly in preterm neonates. The aim of the present study was
to evaluate the impact of residual oligohydramnios and
anhydramnios after PPROM on RDS when the preg-
nancy was expectantly managed. The results of our
assessments were that (1) approximately one-half of the
women with early PPROM presented with oligohy-
dramnios, with 24.9% of them presenting with residual
anhydramnios; (2) oligohydramnios and anhydramnios
at presentation were not associated with the risk of RDS
after adjusting for the variables using multivariate logis-
tic regression analysis; and (3) GA at PPROM, GA at
delivery, latency period, and cesarean delivery were
independently associated with RDS risk.

Table 1. Comparison of maternal physical characteristics among groups.

Anhydramnios Oligohydramnios Normal amniotic  
Characteristic (n=65) (n=71) fluid volume (n=125) p-value*

Maternal age (years) 33.4±5.1 31.6±5.9 31.6±5.7 0.330

Nulliparity 20 (30.7) 22 (30.9) 41 (32.8) 0.680

Body mass index (kg/m2) 29.5±1.1 29.0±1.3 29.3±1.5 0.320

Ethnicity (Caucasian) 62 (95.3) 68 (95.7) 121 (96.8) 0.650

Previous cesarean history 23 (34.3) 25 (35.2) 40 (32) 0.580

The values were presented the mean ± SD or n (%). *All comparisons were made by ANOVA test.



The results of studies on the association between
oligohydramnios and poor newborn outcomes in
PPROM women are contradictory due to the differences
in the inclusion criteria used and the targeted primary
results. Some trials did not concentrate about newborn
respiratory morbidity as a primary outcome; therefore,
the description of respiratory morbidity is not as clear as
in our trial.[1,20–23] In addition, the results of most of the
studies were not classified considering to the oligohy-
dramnios severity at admission.[1,7,20–24] Two recent studies
aimed to clarify the relationship between residual AFV
and respiratory morbidity between 20th and 29th gesta-

tional weeks. In their well-designed, large, retrospective
study using singleton pregnancies for expectant PPROM
management at 20+0 to 28+6 weeks gestation, Weiner et
al.[25] declared that oligohydramnios and severe oligohy-
dramnios at admission are independently related to
severe respiratory morbidity, which they described as one
of the following: (1) the demand for respiratory assistance
and surfactant in the condition of mechanical ventilation
applying an endo-tracheal tube for ≥3 days; (2) bron-
chopulmonary dysplasia described as oxygen demand at
36 weeks gestation or when transferred to a level-II facil-
ity. Mousavi et al.[24] have found no statistically significant
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Table 3. Logistic regression analysis of associations between delivery characteristics and respiratory distress syndrome in pregnancies complicated
by preterm premature rupture of the membrane.

Table 2. Comparison of perinatal outcomes and respiratory distress syndrome rates among groups. 

Anhydramnios  Oligohydramnios  Normal amniotic  
Outcomes (n=65) (n=71) fluid volume (n=125) p-value*

Gestational age at PPROM (week) 26.9±1.0 27.0±0.8 27.0±0.8 0.626

Gestational age at delivery (week) 29.9±1.8A 31.4±1.9B 32.6±1.4C <0.001

Latency period (day) 18.5±4.8D 26.2±7.2E 33.2±6.2F <0.001

Cesarean delivery 35 (53) 39 (55) 71 (57) 0.920

Chorioamnionitis 11 (17) 15 (21.1) 18 (14.4) 0.480

Maternal sepsis 2 (3.1) 1 (1.4) 1 (0.8) 0.240

Placental abruption 3 (4.6) 3 (4.2) 4 (3.2) 0.870

Cord prolapsed 3 (4.6) 2 (2.8) 2 (1.6) 0.470

Birth weight (g) 1488±208G 1716±183H 2002±159I <0.001

Birth weight percentile 56±14.4 58±17.1 61±18.6 0.740

Umbilical cord pH <7.20 4 (6.2) 2 (2.8) 2 (1.6) 0.220

5-minute Apgar score <7 5 (7.7) 3 (4.2) 4 (3.2) 0.360

Respiratory distress syndrome 42 (64.6)J 28 (39.4)K 33 (26.4)L <0.001

The values are presented the mean ± SD or n (%). *All comparisons were made by ANOVA test. PPROM: preterm premature rupture of membranes. A vs B - signifi-
cant, B vs C - significant, A vs C - significant; D vs E - significant, E vs F - significant, D vs F - significant; G vs H - significant, H vs I - significant, G vs I - significant; J vs K -sig-
nificant, K vs L - not significant, J vs L - significant.

Pr
eg

n
an

cy
 

N
eo

n
at

al
 

Odds ratio  Adjusted odds  Adjusted 
Respiratory distress syndrome (95%CI) p-value ratio (95%CI) p-value

Normal AFV at presentation Reference Reference

Gestational age at PPROM 0.61 (0.41–0.90) 0.18 0.38 (0.17–0.86) 0.019

Gestational age at delivery 0.13 (0.05–0.30) <0.001 0.14 (0.04–0.54) 0.004

Latency period 0.06 (0.02–0.16) <0.001 0.18 (0.05–0.54) 0.002

Cesarean delivery 2.22 (1.18–4.45) 0.010 2.66 (1.25–5.68) 0.011

Chorioamnionitis 2.84 (1.45–5.48) 0.002 0.28 (0.07–1.06) 0.060

Birth weight  percentile 0.76 (0.34–1.67) 0.522 2.05 (0.57–7.40) 0.272

Oligohydramnios at presentation 1.32 (0.30–5.73) 0.720 4.42 (0.21–7.30) 0.324

Anhydramnios at presentation 25.48 (9.65–67.30) <0.001 7.83 (0.54–77.45) 0.993

AFV: amniotic fluid volume; CI: confidence interval; PPROM: preterm premature rupture of membrane.



differences among gestational age at presentation, laten-
cy period, gestational age at birth, and RDS rates in
PPROM pregnancies at a GA of 26th–29th weeks.

In the present study, after conducting a multivariate
logistic regression analysis to evaluate the relationship
between the AFV at admission and the primary outcome
and while adjusting for important possible confounding
factors such as GA at PPROM, GA at delivery, latency
period, birth weight percentile, cesarean delivery, and
chorioamnionitis, we observed that neither oligohydram-
nios nor anhydramnios at admission with PPROM was
related to RDS risk. In addition, we found that, consistent
with the data in the current literature, anhydramnios at
presentation is associated with a decreased latency period,
GA at delivery, and low birth weight.[1,26–28] Our results can
be explained by the data having been adjusted for poten-
tial important confounding variables. It is well document-
ed in the literature that consistent with our results, pre-
maturity, low birth weight, and cesarean delivery are
major RDS risk factors.[29,30] We know that the primary
cause of RDS is a deficiency in pulmonary surfactant,
which is developmentally regulated in the preterm infant.
In that infant, a decrease in both the quantity and quality
of surfactant contributes to decreased surfactant activity,
which results in RDS. Inadequate surfactant activity in
the developing lungs results in high surface tension,
which leads to lung instability at end expiration, low lung
volume, and decreased compliance. Surfactant deficiency
also leads to lung inflammation and respiratory epithelial
injury, possibly causing pulmonary edema and increased
airway resistance.

The retrospective nature of our study had some lim-
itations. We recognized that AFV is dynamic and
changes consistently; however, the groups we assessed
were described by AFV at admission, without consider-
ing the AFV changes pending the latency period. Still,
we suggest that AFV is more beneficial for clinical man-
agement in admission, because the longitudinal AFV lev-
els are unknown during evaluation. The principal power
of the present research were the relatively wide cohort,
having the study patients in a single center and managing
them considering to a uniformed protocol, adjusting the
findings for possible confounding factors, and having a
relatively homogeneous cohort that was limited to events
of PPROM between 24th and 28th gestational weeks.

Conclusion
Our results indicated that neither oligohydramnios nor
anhydramnios during admission was related to the RDS

risk, but that GA at PPROM, GA at delivery, latency peri-
od, and cesarean delivery are independently associated
with that risk. This knowledge can be taken into account
while advising to a pregnant woman with early PPROM
about newborn outcome and management choices.
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İDİDİDİDİD

Özet: Selektif intrauterin geliflme k›s›tl›l›¤› olan ve
olmayan monokoryonik ikiz gebeliklerde perinatal
sonuçlar›n karfl›laflt›r›lmas›
Amaç: Selektif intrauterin geliflim k›s›tl›l›¤› (sIUGR) olan mono-
koryonik gebeliklerde plasentan›n eflit olmayan paylafl›m› ve vas-
küler anastomozlar sonucunda her iki fetüs olumsuz etkilenebilir.
Çal›flmam›zda sIUGR olan ve sIUGR olmayan (non-sIUGR) mo-
nokoryonik gebeliklerde hem büyük hem de küçük fetüsün perina-
tal sonuçlar›n› araflt›rmay› amaçlad›k. 
Yöntem: Ocak 2013 – Ocak 2019 tarihleri aras›nda 196 monokor-
yonik ikiz gebelik retrospektif olarak incelendi. Olgular sIUGR ve
non-sIUGR gebelikler olarak grupland›r›ld›. sIUGR olan gebelik-
ler ayr›ca normal umbilikal ak›m paterni olanlar ve anormal umbi-
likal ak›m paterni olanlar olarak grupland›r›ld›. Gruplar aras›nda
büyük ve küçük fetüsler için perinatal sonuçlar ayr› ayr› araflt›r›ld›. 
Bulgular: Çal›flmaya dahil edilen toplam 153 monokoryonik ge-
beli¤in %17.6’s› (n=27) sIUGR gebeliklerden, %82.4’ü (n=126)
non-sIUGR gebeliklerden oluflmaktayd›. sIUGR geliflen gebelik-
lerin %59.3’ünde (n=16) umbilikal arter ak›m paterni normalken,
%40.7’sinde (n=11) anormal umbilikal arter ak›m paterni mevcut-
tu. sIUGR gebeliklerde preeklampsi oran› non-sIUGR gebelikle-
re göre anlaml› olarak daha yüksek bulundu (%25.9’a karfl› %11.1,
p=0.042). sIUGR gebeliklerde hem büyük hem de küçük yenido-
¤an için yo¤un bak›m gereksinimi non-sIUGR gebeliklere göre
anlaml› olarak daha yüksek bulundu (p<0.001). sIUGR gebelikler-
deki yenido¤anlardan 3 (%11.1) tanesi neonatal dönemde kaybe-
dildi. Kaybedilen yenido¤anlar›n tamam› anormal umbilikal arter
ak›m paterni olan sIUGR gebeliklerdeki küçük yenido¤anlard›. 
Sonuç: Selektif intrauterin geliflim k›s›tl›l›¤› (sIUGR) olan gebe-
likler, non-sIUGR gebeliklere k›yasla perinatal sonuçlar aç›s›ndan
daha yüksek riskle iliflkilidir. sIUGR geliflen gebeliklerde küçük fe-
tüsün yan› s›ra büyük fetüs için de risk art›fl› bulunmaktad›r. Art-
m›fl olan bu riskin sIUGR mevcut olan gebeliklerde daha yüksek
olan prematüriteyle mi iliflkili oldu¤u yoksa sIUGR’nin bir sonu-
cu mu oldu¤u konusunda daha fazla prospektif çal›flmaya ihtiyaç
vard›r.

Anahtar sözcükler: Monokoryonik gebelik, perinatal sonuçlar, se-
lektif intrauterin geliflim k›s›tl›l›¤›.
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Abstract

Objective: Both fetuses may be affected negatively as a result of the
non-equal share of the placenta and vascular anastomoses in mono-
chorionic pregnancies with selective intrauterine growth restriction
(sIUGR). In our study, we aimed to investigate the perinatal out-
comes of both larger and smaller fetuses in monochorionic pregnan-
cies with and without sIUGR (non-sIUGR) separately. 
Methods: A total of 196 monochorionic twin pregnancies were eval-
uated retrospectively between January 2013 and January 2019. The
cases were grouped as sIUGR and non-sIUGR pregnancies. The
pregnancies with sIUGR were also separated into sub-groups as the
cases with normal umbilical flow pattern and the cases with abnormal
umbilical flow pattern. The perinatal outcomes were investigated
separately between the groups for larger and smaller fetuses. 
Results: Of 153 monochorionic pregnancies included in the study,
17.6% (n=27) were sIUGR cases and 82.4% (n=126) were non-
sIUGR cases. While the umbilical artery flow pattern was normal in
59.3% (n=16) of the pregnancies which developed sIUGR, 40.7%
(n=11) of them had abnormal umbilical artery flow pattern. The
preeclampsia rate was found significantly higher in sIUGR pregnan-
cies than non-sIUGR pregnancies (25.9% vs. 11.1%, p=0.042). The
need for intensive care for both larger and smaller newborns was sig-
nificantly higher in sIUGR pregnancies compared to non-sIUGR
pregnancies (p<0.001). Three (11.1%) of newborns in sIUGR preg-
nancies passed away during neonatal period. All of the newborns that
passed away were the smaller newborns from sIUGR pregnancies
with abnormal umbilical artery flow pattern. 
Conclusion: The pregnancies with selective intrauterine growth
restriction (sIUGR) are more associated with high risks in terms of peri-
natal outcomes compared to the pregnancies with non-sIUGR. In preg-
nancies developing sIUGR, the risk increases for larger fetus as well as
smaller fetus. More prospective studies are needed to investigate
whether this increased risk in the pregnancies with sIUGR is associated
with prematurity which is more common or is a result of sIUGR. 

Keywords: Monochorionic pregnancy, perinatal outcomes, selec-
tive intrauterine growth restriction.
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Introduction
Monochorionic twin pregnancies are the pregnancies
where both fetuses share a single placenta. Unlike
dichorionic pregnancies, monochorionic pregnancies
have distinctive complications due to not sharing placen-
ta equally and the presence of vascular anastomoses.[1]

Twin-to-twin transfusion syndrome (TTTS), selective
intrauterine growth restriction (sIUGR), twin anemia
polycythemia sequence (TAPS) and twin reversed arteri-
al perfusion sequence (TRAP), which is seen more rarely,
are among these complications.[2] The root underlying
cause of the complications such as TTTS, TAPS and
TRAP is the placental vascular anastomoses while the
root cause of sIUGR is primarily the non-equal share of
placenta.[3,4] As a result of this non-equal share, the fetus
which has the most of placenta continues to develop while
the development of the fetus having the smaller part of
placenta falls behind. The first sign of this growth restric-
tion may be the presence of discordance between the
twins in the first trimester ultrasonography.[5] The per-
centage value of difference between the crown-rump
lengths of larger and smaller fetuses to the crown-rump
length of larger fetus is used to investigate the presence of
discordance. It has been reported that this value being
more than 10% can be used for the prediction of poor
fetal outcomes.[6] Besides, the diagnosis of sIUGR is estab-
lished typically at the second trimester. sIUGR diagnosis
is established in case that the estimated fetal weight of the
one of the fetuses is below 3rd percentile or at least two of
four criteria (1- the estimated fetal weight of the smaller
fetus being under 10th percentile, 2- abdominal circum-
ference of the smaller fetus being under 10th percentile,
3- the difference of estimated fetal weight between the
fetuses being more than 25%, and 4- umbilical artery pul-
satility index of the smaller fetus being more than 95th
percentile) are present in the second-trimester ultra-
sonography.[7,8] sIUGR is a complication seen in mono-
chorionic pregnancies commonly, and it is present in
10–15% of all monochorionic pregnancies.[5]

Although the non-equal share of placenta is the main
problem in the pathophysiology of sIUGR, vascular
anastomoses which exist in the monochorionic placenta
can make these pregnancies more complicated. This
condition in sIUGR differs from the fetal growth restric-
tion seen as a result of insufficient uteroplacental circula-
tion in singleton or dichorionic pregnancies. These vas-
cular anastomoses may significantly affect nourishment
and oxygen exchange between the twins and also the

hemodynamics of both fetuses.[9] Therefore, it may be
expected that the fetus with normal development is also
under risk as well as the fetus with growth restriction.

In our study, we aimed to investigate the fetal and
neonatal outcomes in the monochorionic pregnancies
with sIUGR.

Methods
In our study, the medical records of a total of 196 women
with monochorionic twin pregnancy who were followed
up at the Perinatology Clinic of Zeynep Kamil
Maternity and Pediatrics Training and Research
Hospital between January 2013 and January 2019 were
reviewed. The approval of the ethics committee of our
hospital was obtained for the study (Approval date / no.:
09.01.2019 / 09). All monochorionic twin pregnancies,
whose antenatal follow-ups and deliveries were done in
our hospital, were included in the study. The pregnan-
cies with missing medical records, the pregnancies that
started as triple or higher multiple pregnancies but
reduced to twin pregnancy by fetal reduction, the preg-
nancies started as monochorionic twin pregnancy but
continued as singleton due to fetal loss, the pregnancies
found to have chromosomal or structural anomaly in
other twin, the pregnancies developing TTTS, the preg-
nancies developing TAPS and the pregnancies who
delivered at a different center were excluded from the
study. The flow chart of the cases included in and
excluded from the study are shown in Fig. 1.

The medical records of 153 pregnancies and 306
fetuses and newborns included in the study were
reviewed. The demographic characteristics, antenatal
ultrasonography findings and Doppler indices, delivery
weeks, delivery types and delivery indications of the
pregnant women were recorded. sIUGR was defined as
estimated fetal weight of the one of the fetuses being
below 3rd percentile or the presence of at least two of
four criteria (1- the estimated fetal weight of the smaller
fetus being under 10th percentile, 2- abdominal circum-
ference of the smaller fetus being under 10th percentile,
3- the difference of estimated fetal weight between the
fetuses being more than 25%, and 4- umbilical artery
pulsatility index of the smaller fetus being more than
95th percentile). The cases were grouped as sIUGR and
without sIUGR (non-sIUGR) pregnancies. In addition,
the cases with end-diastolic forward flow in the umbili-
cal artery were grouped as the cases with normal umbil-
ical artery flow pattern, and the cases with end-diastolic
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flow loss or reverse flow were grouped as the cases with
abnormal umbilical artery flow pattern in the pregnan-
cies with sIUGR. The maternal complications were
determined as preeclampsia, gestational diabetes melli-
tus (GDM) and intrahepatic cholestasis of pregnancy
(ICP), and they were recorded. Birth weights, sexes, 1-
minute and 5-minute Apgar scores, umbilical cord pH
and hematocrit values of the newborns, their needs for
newborn intensive care unit, cranial ultrasonography
findings and neonatal mortality were recorded for both
newborns separately. The perinatal and neonatal out-
comes of the groups developing and not developing
sIUGR during antenatal follow-ups were compared. 

The statistical analyses of the data were performed by
using SPSS 15.0 (The Statistical Package for the Social
Sciences, SPSS Inc., version 17; Chicago, IL, USA). The
descriptive statistics were presented as mean ± standard
deviation and minimum-maximum values. The concor-
dance of the variables to normal distribution was exam-
ined by visual (histogram and probability graphics) and
analytic methods (Kolmogorov-Smirnov and Shapiro-
Wilk tests). As the distribution of variables between the
groups were not normal in the comparison of quantita-
tive data, the parameters were analyzed by using Mann-
Whitney U test to conduct pairwise comparisons. Chi-
square test was used to compare qualitative data and
Fisher’s exact chi-square test in cases where test condi-
tions could not be met. The results were determined sig-
nificant where p-value was below 0.05.

Results
Of 196 monochorionic pregnancy in total, 172 reached
24 weeks of gestation and above. One of the twins in 6
(3.5%) of these 172 pregnancies reaching above 24 weeks
of gestation was lost in utero. Four of these 6 cases had
TTTS while 2 of them had sIUGR. Both of the twin sib-
lings lost due to sIUGR were smaller fetuses and these
fetuses had abnormal umbilical artery flow pattern. The
underlying reason could not be determined in one preg-
nancy in which both fetuses were lost. In 82.4% (n=126)
of a total of 153 monochorionic pregnancies included in
the study did not develop sIUGR while 17.6% (n=27)
had sIUGR. The mean diagnosis week of the pregnan-
cies developing sIUGR was 22.4 (range 19–28) weeks.
The demographic characteristics of monochorionic
pregnancies included in the study are presented in Table
1. While 42.5% (n=65) of the pregnancies were nulli-
parous, 57.5% of them were multiparous. While 63.0%
of the pregnancies with sIUGR were nulliparous, 38.1%

of non-sIUGR pregnancies were nulliparous, and there
was a significant difference between two groups
(p=0.018). Umbilical artery flow was normal in 59.3%
(n=16) of the pregnancies developing sIUGR during
antenatal follow-ups, and 40.7% (n=11) of them had
abnormal umbilical artery flow pattern. On the other
hand, only 1 (0.8%) case had abnormal umbilical artery
flow pattern in the non-sIUGR group. 

The maternal complications developing during ante-
natal follow-ups are shown in Table 2. The preeclamp-

Fig. 1. The flow chart for inclusion and exclusion criteria for the cases.
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sia rate was significantly higher in the sIUGR pregnan-
cies than non-sIUGR pregnancies (25.9% vs. 11.1%,
p=0.042). Although the rate of delivery by cesarean sec-
tion in sIUGR pregnancies was higher than those of non-
sIUGR pregnancies (81.5% vs. 72.2%), the difference
between the groups was not statistically significant
(p=0.469). When the reasons for delivery by cesarean sec-
tion were evaluated, it was found that the rate of fetal dis-
tress in sIUGR pregnancies was significantly higher than
non-sIUGR pregnancies (p<0.001). The weeks of deliv-
ery and newborn outcomes in sIUGR and non-sIUGR
pregnancies are shown separately for larger and smaller
newborns in Table 3. Birth weights and umbilical cord
pH values of both larger and smaller newborns were
lower in sIUGR pregnancies than those in non-sIUGR
pregnancies. Newborns’ 1-minute and 5-minute Apgar
scores were lower in the smaller newborns in both
sIUGR and non-sIUGR groups. There was statistically
no significant difference between sIUGR and non-
sIUGR pregnancies for both larger and smaller newborns
in terms of the duration of hospitalization at newborn

intensive care unit (NICU) (p-values were 0.200 and
0.526, respectively). When newborn sexes were com-
pared, there was no significant difference between
sIUGR and non-sIUGR pregnancies (p=0.538). The
need for NICU, the presence of intracranial bleeding in
the cranial ultrasonography result and newborn mortali-
ty data are shown in Table 4. The need for NICU was
significantly higher for both larger and smaller newborns
in sIUGR pregnancies than those of non-sIUGR preg-
nancies. While there was no loss during neonatal period
in non-sIUGR pregnancies, 3 (11.1%) of the newborns
in sIUGR pregnancies were lost during neonatal period.
All of the newborns lost were the smaller newborns in
sIUGR pregnancies with abnormal umbilical artery flow
pattern.

Discussion
sIUGR is a serious complication seen in the majority of
monochorionic pregnancies. Unlike dichorionic preg-
nancies, non-equal share of a single placenta and vascu-
lar anastomoses between the twins make the manage-
ment of these pregnancies more difficult. Gratacos et
al.[10] suggested a classification involving the use of umbil-
ical artery Doppler flow pattern of smaller fetus to over-
come this management difficulty in monochorionic
pregnancies developing sIUGR. In this classification, the
presence of forward flow in the umbilical artery of small-
er fetus was defined as Type-1 sIUGR, the presence of
end-diastolic flow loss or reverse flow was defined as
Type-2 sIUGR, and the presence of flow loss and
reverse flow, respectively, following the forward flow in
the umbilical artery was defined as Type-3 sIUGR.
Type-1 sIUGR has the excellent prognosis while Type-
2 sIUGR has the poorest prognosis in this classification.
There is unpredictable fetal prognosis in Type-3

Table 1. Demographic characteristics of monochorionic twin pregnancies. 

All groups (n=153) Non-sIUGR (n=126) sIUGR (n=27)

Mean±SD Min-Max Mean±SD Min-Max Mean±SD Min-Max p-value

Age 28.16±5.9 15–42 28.02±5.85 15–42 28.85±6.59 18–41 NS

BMI 28.89±4.19 20.31–44.30 29.77±4.04 20.31–44.30 30.43±4.89 22.48–43.70 NS

Gravida 2.20±1.17 1–6 2.29±1.17 1–6 1.78±1.09 1–5 0.02

Parity 0.89±0.95 0–4 0.94±0.93 0–4 0.63±1.00 0–4 0.047

Living 0.86±0.92 0–4 0.35±0.72 0–4 0.15±0.36 0–1 NS

Abortion 0.31±0.67 0–4 0.91±0.90 0–4 0.63±1.00 0–4 NS

BMI: body mass index; non-sIUGR: without selective intrauterine growth restriction; NS: not significant; sIUGR: selective intrauterine growth restriction.

Table 2. The maternal complications in sIUGR and non-sIUGR preg-
nancies.

Non-sIUGR sIUGR 
(n=126) (n=27)

n % n % p-value

Preeclampsia Present 14 11.1 7 25.9
0.042

Absent 112 88.9 20 74.1

GDM Present 10 7.9 2 7,4
NS

Absent 116 92.1 25 92.6

ICP Present 5 4 0 0
NS

Absent 121 96 27 100

GDM: gestational diabetes mellitus; ICP: intrahepatic cholestasis of pregnan-
cy; non-sIUGR: without selective intrauterine growth restriction; NS: not sig-
nificant; sIUGR: selective intrauterine growth restriction.
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sIUGR. We classified umbilical artery flow patterns as
normal and abnormal as there were no Type-3 sIUGR
pregnancy in our study. The umbilical artery flow pat-
tern was normal in 59.3% (n=16) of the pregnancies
developing sIUGR and abnormal in 40.7% (n=11) of
them in our study. We found abnormal umbilical artery
flow pattern in the smaller fetus in 2 sIUGR cases lost in
utero. In addition, we observed that 3 newborns lost dur-
ing neonatal period were those with abnormal umbilical

artery flow pattern in sIUGR group. Therefore, we
believe that the presence of flow loss in the umbilical
artery of smaller fetus in particular during antenatal fol-
low-up of sIUGR pregnancies is important.

Buca et al.[11] analyzed mortality risk in smaller and
larger twins separately in their meta-analysis conduct on
the pregnancies with sIUGR. In their meta-analysis, the
perinatal mortality was significantly higher in the smaller
fetus in Type-2 sIUGR compared to the larger fetus

Table 3. The neonatal outcomes of sIUGR and non-sIUGR pregnancies. 

Non-sIUGR (n=126) sIUGR (n=27)

Mean±SD Min-Max Mean±SD Min-Max p-value

Week of delivery 35±2.61 26–40 33.3±2.36 28–37 <0.001

Birth weight (g) Larger newborn 1985±537 990–3250 1900±444 900–2700 <0.001

Smaller newborn 1770±441 900–2750 1369±394 770-2150 <0.001

Umbilical cord pH Larger newborn 7.33±0.06 7.05–7.45 7.29±0.06 7.12–7.40 0.006

Smaller newborn 7.33±0.05 7.2–7.42 7.29±0.05 7.22–7.41 0.009

Hematocrit Larger newborn 48.9±9.6 21–70 58.5±7.4 46–74 0.003

Smaller newborn 46.7±8.2 25–64 50.2±10.6 10–60 NS

Apgar score (1-minute) Larger newborn 5.9±1.7 1–8 5.95±1.24 4–8 <0.001

Smaller newborn 5.8±1.4 2–8 5.61±1.6 1–8 <0.001

Apgar score (5-minute) Larger newborn 7.77±1.1 4–9 7.85±1.0 6–9 0.005

Smaller newborn 7.65±1.2 4–9 7.66±1.2 4–9 0.002

Need for newborn intensive Larger newborn 23.9±18.8 3–72 29.6±22.0 4–63 NS

care period (days) Smaller newborn 25.7±21.7 3–86 26.6±20.4 1–70 NS

non-sIUGR: without selective intrauterine growth restriction; NS: not significant; sIUGR: selective intrauterine growth restriction.

Table 4. The need for newborn intensive care, intracranial bleeding and neonatal mortality in sIUGR and non-sIUGR pregnancies. 

Non-sIUGR (n=126) sIUGR (n=27)

n % n % p-value

Need for newborn Larger newborn Absent 72 57.1 3 11.1 <0.001

intensive care Present 54 42.9 24 88.9

Smaller newborn Absent 68 54 3 11.1 <0.001

Present 58 46 24 88.9

Intracranial bleeding Larger newborn Absent 33 89.2 22 100 NS

Present 3 8.1 0 0

Smaller newborn Absent 39 90.7 17 89.5 NS

Present 4 9.3 2 10.5

Neonatal mortality Larger newborn Absent 126 100 27 100 NS

Present 0 0 0 0

Smaller newborn Absent 126 100 24 88.9 0.005

Present 0 0 3 11.1

non-sIUGR: without selective intrauterine growth restriction; NS: not significant; sIUGR: selective intrauterine growth restriction.
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(OR=2.4; 95% CI= 1.3–4.4). In addition, there was no
significant difference in the perinatal mortality rates for
larger and smaller twins in Type-1 and Type-3 sIUGR in
the results of the meta-analysis. Similar to the results of
our study, the findings obtained in this systematic review
showed that the monochorionic twin pregnancies affect-
ed by Type-2 sIUGR had higher rates of perinatal mor-
tality and morbidity than those with Type-1 sIUGR.
This meta-analysis also indicates that the probability of
an abnormal result is usually not significantly different
between Type-2 and Type-3 sIUGR cases. In our study,
we did not make this evaluation as there were no Type-3
sIUGR cases.

When we reviewed the demographic characteristics
of sIUGR and non-sIUGR pregnancies, we found high-
er nulliparity rates in sIUGR pregnancies (63.0% vs.
38.1%). Advanced maternal age, low body mass index
(BMI) and nulliparity are among the risk factors for fetal
growth restriction in singleton pregnancies.[12] While
advanced maternal age and low BMI did not seem to be
risk factors for sIUGR in our study, we found that nulli-
parity was a risk factor for sIUGR in monochorionic
pregnancies like in singleton pregnancies. We did not
find any difference between non-sIUGR and sIUGR
pregnancies in terms of GDM and ICP in our study. The
frequency of preeclampsia was higher in sIUGR preg-
nancies. It is known that preeclampsia is seen more fre-
quently in multiple pregnancies.[13] The increase in pla-
cental mass and immunological load is held responsible
for this frequency. Besides, it is not thought that zygosi-
ty and chorionicity have an impact on the preeclampsia
risk in twin pregnancy.[14] Preeclampsia rate was higher in
sIUGR pregnancies in our study. The underlying patho-
physiology of fetal growth restriction developing on the
basis of preeclampsia is the insufficient uteroplacental
flow developing as a result of defective invasion of spiral
arteries by trophoblasts.[15] It is considered that
preeclampsia may have a role in the development of
sIUGR in monochorionic pregnancies. In addition to the
non-equal placental share in monochorionic pregnan-
cies, the presence of defective artery invasion may be
responsible for intensifying the growth restriction in the
fetus which has smaller share of placenta.

Weisz et al.[16] compared the neonatal results of
sIUGR and non-sIUGR pregnancies in their study and
found that sIUGR pregnancies with abnormal umbilical
artery Doppler flow had significantly more neonatal
complications. However, the authors did not group new-
borns into smaller and larger newborns. The association

between smaller newborn in sIUGR pregnancies and
poor neonatal outcomes is a predictable result. In our
study, we found that larger newborns were also associat-
ed with poor neonatal outcomes similar to smaller new-
borns. On the other hand, mean week of delivery was 35
in non-sIUGR pregnancies in our study while it was 33
weeks in sIUGR pregnancies. The association between
prematurity and poor neonatal outcomes is well-known.
Therefore, it remains uncertain that if this increased risk
of poor neonatal outcome is associated with prematurity
which is higher in pregnancies with sIUGR or non-equal
placental share in sIUGR. Lopriore et al.[17] conducted a
study on discordant monochorionic twins to compare
larger newborns with smaller newborns, and concluded
that the neonatal morbidity risk increased. However, they
did not make any compare in non-discordant twin preg-
nancies. We believe that comparing smaller and larger
newborns in pregnancies with sIUGR and non-sIUGR
separately is important to obtain more accurate results.

We found higher cesarean section rates in pregnan-
cies with sIUGR (81.5% vs. 72.2%). We believe that the
presence of higher rates of umbilical artery Doppler
abnormality in the pregnancies with sIUGR and the
presence of higher rates of fetal distress in the pregnan-
cies with sIUGR lead to this difference. When we com-
pared sIUGR and non-sIUGR pregnancies for neonatal
mortality, we found significantly high rates of neonatal
mortality in smaller fetuses. However, it is unclear if
mortality rates are more associated with the complica-
tions due to growth restriction and non-equal placental
share or with the prematurity. Nonetheless, the fact that
all 3 neonatal deaths occurred in the smaller fetuses of
sIUGR pregnancies makes us to consider that these
pregnancies should be monitored more closely. There
was no significant difference in terms of intracranial
bleeding in sIUGR pregnancies for both larger and
smaller newborns in our study. Weisz et al.[16] found in
their study that the rates of intracranial anomalies are
higher in the smaller newborns with abnormal umbilical
artery flow pattern in pregnancies developing sIUGR.
We found high rates of intracranial bleeding in the
smaller newborns both in sIUGR and non-sIUGR
groups in our study; however, there was no statistically
significant difference between the groups.

Conclusion
The pregnancies with selective intrauterine growth
restriction are associated with higher risks of poor fetal
and neonatal outcomes compared to the pregnancies
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with non-sIUGR. In pregnancies developing sIUGR,
larger fetuses are also under risk as well as smaller
fetuses. More prospective studies are needed to inves-
tigate whether this increased risk is associated with
prematurity or is a result of sIUGR.
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The effects of oligohydramnios on perinatal 
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Introduction
Preterm premature rupture of membranes (PPROM),
or more recently referred to as preterm prelabor rup-
ture of membranes, is described as rupture of fetal
membranes with leakage of amniotic fluid before 37

weeks of gestation prior to the onset of labor.[1,2]

PPROM is a serious complication of pregnancy and
impacts approximately 3–4% of pregnancies and is
responsible for roughly 30–40% of preterm births.[3,4]

PPROM remains one of the most challenging compli-

Özet: Preterm erken membran rüptürü sonras›nda
oligohidramniyozun perinatal sonuçlar üzerindeki
etkileri
Amaç: Amniyotik s›v›, fetal büyüme ve geliflimde önemli bir koru-
yucu role sahiptir. Gebelik esnas›nda düflük amniyotik s›v› indeksi
(AFI), advers perinatal sonuç riskini art›r›r. Daha önce yap›lan çal›fl-
malar, preterm erken membran rüptürü (PEMR) sonras›nda oligo-
hidramniyoz (AFI<5 cm) ile daha k›sa gecikme dönemi aras›nda ilifl-
ki ve koryoamniyonit ile tutarl› olmayan bir korelasyon bildirmifltir.
Çal›flmam›zda, PEMR sonras›nda oligohidramniyozun perinatal so-
nuçlar üzerindeki etkilerini araflt›rd›k. 
Yöntem: Çal›flmam›z, 2014 ile 2016 y›llar› aras›nda gebeli¤inin 23
ile 34. haftalar› aras›nda t›bbi merkezimizdeki PEMR’li gebeler üze-
rinde gerçeklefltirilen bir retrospektif kesitsel bir çal›flmayd›. Perina-
tal sonuçlar ile iliflkili olarak primer prediktör de¤iflkeni <5 cm veya
≥5 cm’lik AFI idi. 
Bulgular: ‹ncelenen toplam 117 PEMR olgusundan 46’s›nda AFI
<5 cm ve 71’inde AFI ≥5 cm idi. Yenido¤an yo¤un bak›m ünitesin-
de (YYBÜ) yat›fl süresi (YS), AFI <5cm için 42 gün iken, AFI >5 cm
için 26.5 gündü (p<0.007). Ortalama 1. ve 5. dakika Apgar skorlar›,
AFI ≥5 cm grubuna (1. dakikada 6.9 ve 5. dakikada 8.4) k›yasla AFI
<5 cm grubunda (s›ras›yla 5.2 ve 7.4) daha düflüktü (p<0.001). 
Sonuç: PEMR sonras› oligohidramniyoz, düflük Apgar skorlar› ve
YYBÜ’de daha uzun kal›fl süresi gibi advers perinatal sonuçlar ile
iliflkilidir. Gecikme dönemi ve koryoamniyonit aras›nda hiçbir ilifl-
ki gözlemlenmemifltir.

Anahtar sözcükler: Preterm erken membran rüptürü (PEMR), oli-
gohidramniyoz, advers perinatal sonuçlar, düflük Apgar skorlar›,
YYBÜ yat›fl süresi.
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Abstract

Objective: Amniotic fluid plays a vital protective role in fetal
growth and development. Low amniotic fluid index (AFI) during
pregnancy increases risk of adverse perinatal outcomes. Prior stud-
ies reported association of oligohydramnios (AFI<5 cm) with short-
er latency period and inconsistent correlation with chorioamnioni-
tis after preterm premature rupture of membranes (PPROM). We
studied effects of oligohydramnios on perinatal outcomes after
PPROM. 
Methods: A retrospective cross-sectional study was performed at
our medical center on women with PPROM between 23 to 34
weeks during 2014 to 2016. The primary predictor variable was
AFI of <5 cm or ≥5 cm in relationship to perinatal outcomes. 
Results: From a total of 117 PPROM cases reviewed, 46 women
had AFI<5 cm and 71 had AFI≥5 cm. Length of stay (LOS) in
neonatal intensive care unit (NICU) was 42 days for AFI<5 cm ver-
sus 26.5 days for AFI>5 cm (p<0.007). The mean neonatal Apgar
scores at 1 and 5 minutes (5.2 and 7.4 respectively) were lower in the
AFI<5 cm group compared to AFI≥5 cm (6.9 at 1 minute and 8.4 at
5 minutes, p<0.001). 
Conclusion: Oligohydramnios after PPROM is associated with adverse
perinatal outcomes such as lower Apgar scores and longer LOS in the
NICU. No association was observed with latency period and chorioam-
nionitis. 

Keywords: Preterm premature rupture of membranes (PPROM),
oligohydramnios, adverse perinatal outcomes, low Apgar scores,
NICU length of stay.
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cations of pregnancy with ongoing debate on formulat-
ing optimal management strategies.

Amniotic fluid has a myriad of functions and plays
a vital role in fetal growth and lung development.
Physically, it protects and prevents the compression of
the fetal thorax and umbilical cord. The antimicrobial
and bacteriostatic properties of amniotic fluid with its
innate immune system components are essential in the
prevention of intra-amniotic infection. Loss of amniot-
ic fluid with PPROM results in a significant reduction
in these protective properties.[5,6] In addition, the dis-
ruption of the membrane seal in PPROM results in
microbial invasion of the amniotic cavity causing clini-
cal and histological chorioamnionitis in 30% and 60%
of PPROM cases.[7,8]

Amniotic fluid also serves as a reservoir of fluid and
nutrients for the fetus containing proteins, electrolytes,
immunoglobulins, and vitamins from the mother. The
major pathways involved in amniotic fluid circulation
include pulmonary excretion, fetal swallowing, intra-
membranous movement between fetal blood and the
placenta, and trans-membranous movement across the
amnion and chorion. In summary, amniotic fluid is a
highly dynamic and complex fetal circulation that can
be used as a prognosticator of fetal wellbeing.[9,10]

Short-term adverse neonatal outcomes following
PPROM have been well-described. They include but
are not limited to respiratory distress, intraventricular
hemorrhage, necrotizing enterocolitis, pulmonary
hypoplasia, bronchopulmonary dysplasia, sepsis, and
increased risk of fetal and neonatal deaths. Other peri-
natal complications associated with PPROM include
placental abruption, cord accidents, fetal heart rate
anomalies, and maternal infectious morbidities.[11,12]

Prior studies suggested oligohydramnios or amni-
otic fluid index (AFI) of less than <5 cm, in PPROM
patients, was associated with decreased latency period
and differing AFI measurements <5 cm were associat-
ed with differing degrees of latency reflecting the
impact of residual amniotic fluid levels.[13,14] 

A limited number of studies have investigated the
impact of oligohydramnios on comprehensive perina-
tal outcomes in patients with PPROM and found an
association with certain adverse outcomes such as
chorioamnionitis, and subsequent neonatal sepsis. 

The purpose of our study was to determine whether
there was an association of oligohydramnios after

PPROM with adverse perinatal outcomes resulting in
increased maternal or neonatal morbidity.

Methods
We performed a retrospective cross-sectional study
using the electronic health record database at
Community Regional Medical Center (CRMC),
Fresno, California, USA. Institutional Review Board
approval was obtained for this study. Women with a
diagnosis of PPROM between 23–34 weeks gestation-
al age who delivered at CRMC from June 2014 to May
2016 were selected for review.

A diagnosis of PPROM was based on a confirma-
tion of one or more of the following criteria: (1)
patient’s history and physical examination with visuali-
zation of gross pooling of fluid in the vagina by sterile
speculum examination; (2) a positive nitrazine test; (3)
positive fern test; (4) a positive AmniSure® ROM test.
Other inclusion criteria for the women with PPROM
were those who received antenatal steroids for lung
maturity, latency antibiotics, tocolytics, or magnesium
sulfate for neuroprotection.

Patients who were excluded from the study com-
prised of those who presented on admission with
chorioamnionitis, placental abruption or non-reassur-
ing fetal status, patients with history of cerclage place-
ment, fetal anomalies, multiple gestations, delivery
within 24–48 hours of admission, patients who were at
previable gestational age of <23.0 weeks, and patients
with PPROM >34.0 weeks gestational age since induc-
tion of labor was recommended for these patients at 34
weeks based on standard-of-care guidelines for
PPROM management.[15]

Patient health records were reviewed for residual
AFI measurements, latency period, the time interval
between onset of rupture of membranes and time of
delivery, and chorioamnionitis. Diagnoses of
chorioamnionitis or intraamniotic infection (IAI), also
known as triple I, was reviewed from the electronic
medical records (EMR) based on current guidelines.
Data abstraction included the documentation of
antepartum or intrapartum maternal fever (≥38.0°C or
100.4°F on two occasions 30 minutes apart without
another source) and any of following: fetal tachycardia
(>160 beats/min for 10 minutes or longer), maternal
leukocytosis (1500 cells/mm3 in the absence of corti-
costeroids) and purulent discharge from cervical os.[16]
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Neonatal Apgar scores and disposition, including
admission to the neonatal intensive care unit (NICU)
were reviewed as well.

In our study, we divided PPROM patients into two
groups based on AFI measurement at time of admis-
sion: patients with AFI less than <5 cm and patients
with AFI≥5 cm. Data abstracted was compared for
maternal age, gestational age at admission, gestational
age at delivery, latency period, chorioamnionitis, route
of delivery, birthweight, Apgar scores at 1 and 5 min-
utes, NICU length of stay, and neonatal complications.

In addition, perinatal characteristics and outcomes
for these two groups of PPROM patients, those with
residual AFI<5 cm and those with AFI≥5 cm was also
compared.

Statistical analysis

Data extracted from the hospital electronic record data-
base was analyzed with SPSS. Bivariate analysis with
two-tailed t-tests was performed with an α=0.05 as the
threshold for significance.

Results
A total of 117 PPROM cases were reviewed. Patients
were categorized into two groups based on the residual
AFI<5.0 cm and AFI≥5 cm at admission (Table 1). All
patients were delivered either upon onset of sponta-
neous labor or upon reaching 34 weeks gestational age,
whichever occurred earliest. In cases of infection or
non-reassuring fetal status, patients were delivered ear-
lier. 

Patients with post-PPROM AFI<5 cm delivered
neonates who required a significantly longer NICU
length of stay (LOS) than those with AFI≥5 cm (Table 1).

In contrast, those with AFI<5 cm and AFI≥5 cm, did
not show a significant difference in the average maternal
inpatient LOS which was comparable at 12.1 and 10.1
days, respectively, between the two groups. The average
latency period was also similar between the two groups
at 10.8 days and 10.4 days, respectively.

Chi-squared analysis showed no statistically signifi-
cant association between chorioamnionitis and the two
comparison groups of the PPROM patients (Table 2).

Data of the interventions used in the inpatient man-
agement of these patients with PPROM and their route
of delivery was also collected. A majority of patients suc-
cessfully achieved a vaginal delivery. The overall neona-
tal survival rate was at 98.3% (Fig. 1).

The immediate post-birth performance of the
neonates delivered was reviewed which demonstrated
lower Apgar scores at both 1 minute and 5 minutes born
to mothers in the group with low residual amniotic fluid
index <5 cm when compared to the group with residual
amniotic fluid index of ≥5 cm (Table 3).

The average interval from day of admission to the
hospital to the delivery date for the PPROM patients
was 10.7 days and the mean gestational age at time of
delivery was 31 weeks (Table 4).

Data abstraction for NICU length of stay and neona-
tal Apgar scores could be assessed for 113 PPROM

Volume 29 | Issue 1 | April 2021

The effects of oligohydramnios on perinatal outcomes after PPROM

29

Table 1. Perinatal outcomes of PPROM patients associated with residual amniotic fluid volume.

Perinatal outcomes AFI category Mean (Days) 95% CI p-value

NICU LOS AFI<5 cm (n=44) 42.0 (4.34–26.71) 0.007

AFI≥5 cm (n=69) 26.5 (3.38–27.67) 0.013

Maternal LOS AFI<5 cm (n=46) 12.1 (-2.14–5.92) 0.356

AFI≥5 cm (n=71) 10.1 (-2.57–6.35) 0.402

Latency period AFI<5 cm (n=46) 10.8 (-4.16–4.98) 0.859

AFI≥5 cm (n=71) 10.4 (-4.35–5.18) 0.864

AFI: amniotic fluid index; LOS: length of stay; NICU: neonatal intensive care unit; PPROM: preterm premature rupture of membranes.

Table 2. Diagnosis of chorioamnionitis.

AFI category (N=117)

AFI<5 cm AFI≥≥5 cm 
Chorioamnionitis (n=46) (n=71) p-value

Yes 10 12 0.69

No 36 59 0.06

AFI: amniotic fluid index.



patients and 100 PPROM patients respectively, due to
gaps in EMR documentation with information lacking
for these variables in some patients.

Discussion

PPROM remains a significant obstetrical complication
of pregnancy with high rates of perinatal morbidity and
mortality. However, existing data on the association of
AFI as one of the prognosticators of perinatal and neona-
tal outcomes has some contradictory results. Therefore,
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Table 3. Neonatal Apgar scores and association with AFI. 

Apgar at 1 min Apgar at 5 min

AFI category Mean SD Mean SD

AFI<5 cm (n=46) 5.2 3 7.4 2.1

AFI≥5 cm (n=71) 6.9 1.9 8.4 0.9

p-value <0.01 <0.01

t-tests for independent samples were conducted to detect differences in APGAR scores at 1 and 5 minutes. AFI: amniotic fluid index. 

Table 4. Maternal and neonatal clinical characteristics with PPROM.

Characteristics Mean Median

Maternal age (years) 29.1 30.0

AFI at PPROM (cm3) 6.7 5.9

GA at PPROM (weeks) 29.7 31.2

GA at delivery (weeks) 31.0 32.1

Latency period (days) 10.5 6.0

PPROM admission LOS (days) 10.7 7.0

NICU LOS (days) 32.5 23.0

AFI: amniotic fluid index; GA: gestational age; LOS: length of stay; NICU: neona-
tal intensive care unit; PPROM: preterm premature rupture of membranes.

Fig. 1. Frequencies of perinatal interventions and outcomes. 



our study was planned to evaluate the correlation of
residual AFI following PPROM with perinatal outcomes
among patients expectantly managed after a diagnosis of
PPROM.

In our study, we found significant differences in the
neonatal outcomes including greater NICU length of
stay and lower Apgar scores at 1 and 5 mins respectively
in the oligohydramnios group (AFI<5 cm) compared to
the normal amniotic fluid volume group of patients
(AFI≥5 cm). There were no significant differences in the
maternal complications including chorioamnionitis,
latency period, maternal length of stay and rates of
cesarean deliveries between the two comparison groups
of AFI<5 cm and AFI≥5 cm.

Prior studies such as Tavassoli et al. observed a short-
er latency period for PPROM patients with AFI<5
cm.[17–19] In addition, studies by Vintzileos et al. and
Gonik et al.  previously implicated oligohydramnios in
patients with PPROM as a significant risk factor for
perinatal infection.[20,21] Of note, we did not categorize
the latency period outcomes for the PPROM patients by
further subdividing the two groups (<5 cm and ≥5 cm)
based on gestational age sub-categories from 23 weeks to
34 weeks gestation. As a result, the latency periods may
have been falsely shortened if a patient was admitted
closer to 34.0 weeks gestational age and thus may have
influenced the lack of significant association with the
oligohydramnios group of PPROM patients.

Other studies also showed contradicting findings
regarding association of oligohydramnios with neonatal
sepsis and adverse outcomes with PPROM. For instance,
Vermillion et al. showed an association between AFI<5
cm and early neonatal sepsis. However, Borna et al. did
not demonstrate this association though it was limited in
its ability to establish the diagnosis of early neonatal sep-
sis.[19,22] Due to inadequate culturing techniques, studies
such as Gonik et al. and Mercer et al. also did not find a
relation between oligohydramnios after PPROM and
neonatal infections.[21,23]

We found an association between AFI<5 cm and
adverse neonatal outcomes including lower Apgar scores
and increased length of stay in the NICU. We could not
demonstrate any correlation between AFI<5 cm and
chorioamnionitis or latency period. This lack of associa-
tion that was observed may have been limited by a small-
er sample size and potentially limited power.

Further research would be helpful in elucidating the
effects of residual AFI on perinatal morbidities with a
larger sample size and assessing the correlation of peri-
natal outcomes based gestational age categories.

Conclusion
In conclusion, in our study, we found that low residual
amniotic fluid levels with a diagnosis of oligohydram-
nios in PPROM patients contributes to adverse neona-
tal outcomes. Our data demonstrates that initial amni-
otic fluid assessment of patients with PPROM is a pre-
dictor of adverse neonatal outcomes. The residual AFI
can be used as an important prognostic factor for
determining perinatal outcomes in PPROM patients
and help direct the care counseling and management
approaches for the PPROM patients especially, when
PPROM occurs at very preterm gestational age.
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İDİDİD

Özet: Gestasyonel diabetes mellitus hastalar›nda
epikardiyal ya¤ dokusu kal›nl›¤› ve aortik sertli¤in
de¤erlendirilmesi
Amaç: Çal›flmam›zda, gestasyonel diabetes mellitus tan›s› alm›fl
gebelerde epikardiyal ya¤ dokusu kal›nl›¤›n› ve aortik sertli¤i ölçe-
rek gestasyonel diabetes mellitus ile koroner arter hastal›¤› aras›n-
daki iliflkiyi de¤erlendirmeyi amaçlad›k. 
Yöntem: Çal›flmaya gestasyonel diabetes mellitus tan›s› alm›fl 28
gebe ve gestasyonel diabetes mellitusu olmayan 25 gebe dahil edil-
di. Çal›flma popülasyonunun vücut kitle indeksi, laboratuvar de-
¤erleri, kan bas›nc› ölçümleri ve obstetrik hikaye bulgular› kayde-
dildi. Çal›flmaya kat›lan tüm olgular gebeli¤in 24 ve 25. haftalar›
aras›nda transtorasik ekokardiyografi ile de¤erlendirildi. Epikardi-
yal ya¤ dokusu kal›nl›¤› ölçümü al›nd› ve aortik sertlik indeksi he-
sapland›. 
Bulgular: Yafl, gravida, parite ve obstetrik hikaye bak›m›ndan iki
grup benzerdi. Epikardiyal ya¤ dokusu kal›nl›¤›, kontrol grubuna
k›yasla gestasyonel diabetes mellitus grubunda anlaml› flekilde da-
ha yüksekti (s›ras›yla 0.336 cm ve 0.416 cm; p<0.001). Ancak, iki
grubun aortik sertlik ölçümleri aras›nda hiçbir anlaml› fark yoktu
(p=0.079).
Sonuç: Çal›flmam›z›n sonuçlar›na göre epikardiyal ya¤ dokusu ka-
l›nl›¤›, kontrol grubuna k›yasla gestasyonel diabetes mellituslu ge-
belerde istatistiksel olarak anlaml› flekilde daha yüksekti. Di¤er
kardiyovasküler parametrelerde hiçbir farkl›l›¤›n bulunmamas›,
gestasyonel dönemde epikardiyal ya¤ dokusu kal›nl›¤› ölçümünün
gestasyonel diabetes mellitusun erken tespitinde faydal› bir ek araç
olabilece¤ine iflaret etmektedir. 

Anahtar sözcükler: Gestasyonel diabetes mellitus, epikardiyal ya¤
dokusu, aortik sertlik.
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Abstract

Objective: We aimed to assess the relationship between gestational
diabetes mellitus and coronary artery disease by measuring epicar-
dial fat tissue thickness and aortic stiffness in pregnant women diag-
nosed with gestational diabetes mellitus. 
Methods: 28 pregnant women diagnosed with gestational diabetes
mellitus and 25 pregnant women without gestational diabetes mel-
litus were included in the research. Body mass index, laboratory val-
ues, blood pressure measurements and obstetric history findings of
the study population were recorded. All participants of the study
population were evaluated with transthoracic echocardiography
between 24 and 28 weeks of gestational period. The measurement
of epicardial fat tissue thickness was taken and aortic stiffness index
was also calculated. 
Results: The age, gravidity, parity and obstetric history of the two
groups were similar. Epicardial fat tissue thickness was found signif-
icantly higher in gestational diabetes mellitus group than control
group (0.416 cm and 0.336 cm, respectively; p<0.001). However, no
significant difference was found in aortic stiffness measurements of
the two groups (p=0.079). 
Conclusion: According to the results of our study, epicardial fat tis-
sue thickness was found to be statistically significantly higher in
pregnant women with gestational diabetes mellitus compared to the
control group. The fact that no difference was detected in other car-
diovascular parameters suggests that measurement of epicardial fat
tissue thickness in gestational period may be a beneficial adjunctive
tool in early detection of gestational diabetes mellitus. 

Keywords: Gestational diabetes mellitus, epicardial fat tissue, aortic
stiffness.
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Introduction
Gestational diabetes mellitus (GDM) is a carbohydrate
tolerance disorder that was detected during gestational
period.[1,2] The incidence of GDM varies from 1% to
14%.[3,4] GDM is not only a pregnancy-related disease,
but also patients with GDM have the risk of 17.06 % for
studies with follow-up of one to five years developing
type 2 diabetes mellitus.[5] Insulin resistance is the main
cause of GDM and it is also related with cardiovascular
diseases.[3] Insulin resistance leads to chronic inflamma-
tion, which results in atherosclerosis, which also makes
pregnant women a candidate for cardiovascular disease.[6]

It is aimed to predict cardiovascular risk in women com-
plicated with GDM by detecting preclinical markers of
atherosclerosis before the development of type 2 DM.

Epicardial fat tissue is the visceral adipose tissue of
the heart and is derived from brown adipose tissue dur-
ing embryogenesis, which creates a defensive system
against cardiac hypothermia.[7,8] The defensive system is
to absorb free fatty acids when they are high in the cir-
culatory system and work as an energy resource as the
energy demand increases.[9] Epicardial adipose tissue
secretes many proinflammatory and proatherogenic
cytokines including vasoactive peptides so it is metaboli-
cally very active. These cytokines were found to be asso-
ciated with obesity, hypertension and coronary heart dis-
ease.[10,11] Epicardial fat tissue thickness (EFTT) is a use-
ful and noninvasive method for predicting cardiovascu-
lar diseases. EFTT measurement is practical, inexpen-
sive and effective. EFTT can be evaluated very well by
transthoracic echocardiography. It has also been report-
ed to increase in patients with diabetes mellitus and
insulin resistance.[12] There are also researches investigat-
ing the relationship between GDM and EFTT.[13,14] But
these studies have reported some conflicting results.

The impact of cardiovascular risk factors on circulato-
ry system has been the subject of many studies. As a result
of the structural changes in the large vessels due to these
risk factors, it is now clear that these vessels are stiffened,
in other words, they are exposed to “stiffness”. It has been
found that this process directly affects cardiovascular
morbidity and mortality, especially with “stiffness” stud-
ies in large vessels in the literature.[15] EFTT has been also
found to be related with arterial stiffness.[16] In most stud-
ies examining the aortic stiffness, the pulse wave velocity
(PWV) was used as the “stiffness” index that was meas-
ured invasively or non-invasively in these studies.[17,18]

Aortic stiffness is usually measured with echocardiogra-
phy. Aortic “strain”, beta index and aortic “distensibility”
calculated by echocardiographic aortic diameter and
sphygmomanometric blood pressure measurements have
been proposed to measure aortic stiffness.[19] In this
research, our goal was to find the relationship between
GDM and coronary artery disease by measuring EFTT
and aortic stiffness in pregnant women with GDM.

Methods
The ethical approval was obtained from the Clinical
Research Ethics Committee of Mu¤la S›tk› Koçman
University School of Medicine for the study (Ethics
Committee Approval Number 25.05.2015 / 12). Two-
step GDM screening was performed to diagnose GDM
in pregnant women between 24 and 28 weeks of gesta-
tion who applied to the Gynecology and Obstetrics out-
patient clinic of Mu¤la S›tk› Koçman University
Hospital. First, 50-g oral glucose tolerance test (OGTT)
was applied on the pregnant women as screening test.
100-g OGTT was applied to those whose 1st hour blood
glucose level was over 140 g/dl as diagnostic test. Among
the 100-g OGTT results, 28 patients were confirmed as
GDM and included in GDM group (study group).
Threshold levels of 100-g OGTT were determined
according to The National Diabetes Data Group
(NDDG) standards (fasting value: 105 mg/dL, 1st hour
value: 190 mg/dL, 2nd hour value: 165 mg/dL and 3rd
hour value: 145 mg/dL).[20] 25 patients were included in
the control group whose 50-g OGTT’s within normal
limits (control group). Laboratory values, height (cm),
weight (kg), blood pressure measurements and obstetric
history findings of the patients were recorded.

Transthoracic echocardiography examination was
performed in all participants between 24 and 28 weeks of
gestation using a 2.5–3.5 MHz ultrasound probe in the
left lateral lying position (Vivid 7, GEVingmed
Ultrasound AS, Horten, Norway). All echocardiograph-
ic scans were performed by a cardiologist expert in
echocardiography, who was blinded to the patient’s clin-
ical data and digitally recorded including at least three
heartbeats. Standard echocardiographic measurements
such as left atrium size, left ventricle diameter, left ven-
tricular wall thickness and left ventricular ejection frac-
tion were performed in accordance with the American
Echocardiography Association guidelines. Epicardial
adipose tissue was detected as an area of relatively low
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echogenicity located between the right ventricle and the
inner leaf of the pericardium. The thickest EFT was
measured in the end-systolic phase of the cardiac cycle,
parallel to the aortic valve from this area.[21] The aortic
strain, distensibility and aortic stiffness index (ASI) were
taken as aortic elasticity parameters.[22]

The following formulas were used to calculate these
parameters: 

Aortic Strain (%) = (systolic diameter-diastolic diam-
eter) × 100 / diastolic diameter, 

Aortic Stiffness Index (ASI) = ln (systolic pressure /
diastolic pressure) / aortic strain, 

Distensibility (cm2.dyn-1) = (2 × aortic strain) / (sys-
tolic pressure - diastolic pressure)

The normal distribution suitability of continuous
variables was analyzed using Shapiro-Wilk test.
Independent samples t test (for normal data) and Mann-
Whitney U test (for not normally distributed data) were
used for comparison of two independent groups, and
mean and standard deviation were given as descriptive
statistics. The obtained data were evaluated using SPSS
for Windows version 22.0 (SPSS Inc., Chicago, IL,
USA). Differences were considered significant at a p-
value of less than 0.05.

Results
The clinical characteristics and laboratory findings of
the groups included in the study are presented in
Table 1. The participants in two groups were similar
in terms of age, gravidity, parity and obstetric history
of abortion, smoking, gestational diabetes mellitus.
Fasting blood glucose levels and 50-g OGTT results of
the groups were statistically significantly different
(p=0.003 and p<0.001, respectively). There was a sig-
nificant difference between the 1st hour and 2nd hour
blood glucose levels of the patients who underwent
100-g OGTT in the groups (p<0.001 and p=0.006,
respectively). Body mass index values were found to be
higher in the GDM group compared to the control
group (24.7 and 29.6, respectively).

EFTT was significantly higher in the GDM group
compared to the control group (0.336 and 0.416
respectively, p<0.001) (Table 2). While there was no
difference in systolic blood pressures between the
groups, diastolic blood pressures of patients with
GDM were found to be higher (p=0.009). In multivari-
ate linear regression analysis, a weak correlation was
found between diastolic blood pressure and EFTT
(p=0.04, r=0.307). However, there was no significant
difference in aortic stiffness measurements between the
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Table 1. Demographic characteristics of the study population.

GDM group (n=28) Control group (n=25) 
Mean±SD Mean±SD p-value

Age (years) 26±0.4 21±0.5 0.297*

Body mass index (kg/m2) 29.6 24.7 0.001*

Gravidity 2.4±1.3 2.4±1.3 0.741†

Parity 0.8±0.9 1.1±1.1 0.235†

No. of abortions 0.5±0.8 0.2±0.5 0.260†

GDM history n (%) 5 (17.8) 2 (8) 0.290†

Family history of GDM n (%) 3 (1.2) 1 (4) 0.317†

Smoking n (%) 3 (1.2) 2 (8) 0.978†

Systolic blood pressure (mmHg) 116±14 110±13 0.123†

Diastolic blood pressure (mmHg) 72±11 64±8 0.009*

Fasting blood glucose (mg/dl) 94±16 82±10 0.003†

50-g OGTT 1st hour (mg/dl) 176±23 123±26 <0.001†

100-g OGTT 1st hour (mg/dl) 189±13 144±12 <0.001†

100-g OGTT 2nd hour (mg/dl) 152±17 125±12 0.006†

100-g OGTT 3rd hour (mg/dl) 115±19 103±20 0.151†

Serum creatinine (mg/dl) 0.5±0.1 0.5±0.1 0.946†

*Mann-Whitney U test; †Independent samples t-test.
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groups (p=0.079). There was no difference in left ven-
tricular diameters of the groups in terms of ejection
fraction. Aortic measurement units such as aortic sys-
tolic diameter, aortic diastolic diameter, AD, AS, ASI
were similar between the groups (Table 2).

To further explore the independent predictor(s) of
GDM, regression analysis was performed based on risk
factors affecting GDM (Table 3). After adjusting for
all covariates, EFTT was independently associated
with GDM [odds ratio (OR)= 2.166, 95% confidence
interval (CI)= 1.063–4.399, p=0.019].

Discussion
In our research, EFTT was significantly higher in
patients with gestational diabetes mellitus. However,
there was no significant difference in aortic stiffness
measurements between two groups.

In recent studies, it has been reported that EFTT
measurement by transthoracic echocardiography can be
utilized as an early sign of increased cardiovascular risk.
Many studies have found increased EFTT associated
with metabolic syndrome and coronary heart dis-
ease.[12,23–25] Prior researches revealed a significant associ-

ation between EFTT, fasting blood glucose and
DM.[12,26,27] In the study of Çal›flkan et al., the relationship
between EFTT and glucose intolerance in women with
GDM history was investigated. EFTT measured by
echocardiography was found to be significantly increased
in 62 women with previous GDM compared to the con-
trol group.[28] In this research, it was reported that high
EFTT may indicate the existence of atherosclerosis in
women with prior GDM. In another study, the mean
EFTT was detected higher in pregnant women with
GDM compared to the control group. In the same study,
significant correlations were found between EFTT,
BMI and postprandial serum glucose levels.[29] These
results were comparable with another study that showed
that postprandial glucose and BMI are associated with
maternal EFTT in regression models.[13] In a recent sys-
tematic review and meta-analysis, each unit increment in
BMI (kg/m2) was associated with a higher risk of coro-
nary heart disease in women.[30] Also obesity is a major
risk factor for Type 2 DM, in fact, 85.2% of people with
Type 2 DM are overweight or obese.[31] As expected,
BMI of the GDM group was higher in our study.

Yavuz et al. measured both maternal and fetal EFTT
in pregnant women with GDM at the second trimester,
and fetal and maternal EFTT were found to be signifi-
cantly higher in patients with GDM compared to non-
gestational diabetes mellitus.[14] In addition, fetal EFTT
was measured by fetal echocardiography in this study. It
was determined that fetal EFTT was an independent
predictor for serum glucose values after glucose toler-
ance test. In our study, the increased EFTT rates in ges-
tational diabetic women support these data.

In a prospective study conducted by Moodley et al.,
it was shown that pregnant women with pregestational
and gestational diabetes mellitus had more arterial

Table 2. Transthoracic echocardiographic findings of study population.

GDM group (n=28) Control group (n=25) 
Mean±SD Mean±SD p-value

EF (%) 63±2.6 62±2.8 0.334*

Aortic systolic diameter (mm) 2.5±2.4 2.4±2.4 0.292†

Aortic diastolic diameter (mm) 2.3±2.5 2.2±2.3 0.155†

AD 0.4±0.3 0.5±0.2 0.285†

AS (%) 6.3±0.7 6±0.4 0.415†

ASI 9.6±7.3 11.1±3.7 0.079†

EFTT (cm) 0.416±0.1 0.336±0.1 <0.001†

AD: aortic distensibility; AS: aortic strain; ASI: aortic stiffness index; EF: ejection fraction; EFTT: epicardial fat tissue thickness. *Mann-Whitney U test; †Independent
samples t-test.

Table 3. Independent predictors of gestational diabetes in multiva-
riate logistic regression analysis. 

Odds 95% confidence  
Variables ratio interval p-value

Body mass index 1.177 0.982–1.410 0.077 

Diastolic blood pressure 1.035 0.961–1.115 0.360 

EFTT 2.166 1.063–4.399 0.019 

EFTT: epicardial fat tissue thickness.



stiffness compared to non-diabetic pregnant women,
but this variability did not cause a deterioration in pla-
cental or fetal cardiovascular parameters.[32] In our
study, no difference was found between the two groups
in terms of arterial stiffness. The reason for not show-
ing a difference between the study and control groups
in terms of arterial stiffness may be that the cardiovas-
cular evaluation of the patients with gestational dia-
betes mellitus was performed as soon as they were
diagnosed. However, despite this, the difference
between the two groups in terms of EFTT without
arterial involvement in our study shows that EFTT
may stand out as an early marker.

In the study of Alt›net et al. conducted in 44 cases
with gestational hypertension and 46 healthy pregnant
women, maternal EFTT was higher than the control
group, but the carotid intima-media thickness was not
different between the two groups.[33] Patients with gesta-
tional diabetes were excluded in this study. However, we
found similar results with Alt›net et al.’s study. This
result may have been caused by the presence of the risk
factors of gestational diabetes mellitus that predispose to
gestational hypertension in these patients in our study.

The limitation of our study is that patients cannot
be categorized in terms of treatment modalities after
diagnosis of GDM and cannot be evaluated with car-
diovascular examinations at regular intervals according
to this categorization. The EFTT, AD, AS, ASI are the
parameters that have been studied in the literature in
terms of cardiovascular risk assessment in pregnant
women with gestational diabetes mellitus. According
to the results of our study, EFTT was found to be sta-
tistically significantly higher in pregnant women with
gestational diabetes compared to the control group,
but the fact that no difference was detected in other
cardiovascular parameters suggests that EFTT may be
an early diagnostic tool for GDM that can be checked
before gestational diabetes mellitus screening.

Conclusion
In conclusion, BMI and EFTT were higher in GDM
group but only EFTT was independent predictor of
GDM. Screening of groups at risk for GDM with EFTT
at the beginning of pregnancy may improve treatment
modalities that can help to intervene before cardiovascu-
lar damage occurs. Randomized prospective studies are
needed to use EFTT as a cardiovascular parameter at the
beginning of pregnancy or after GDM detection.
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Does maternal serum progesterone level in 
early pregnancy predict placental dysfunction 

in third trimester? 
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İDİDİDİD

Özet: Erken gebelik dönemindeki maternal serum
progesteron seviyesi üçüncü trimesterdeki plasental
disfonksiyonu öngörebilir mi?
Amaç: Gebeli¤in sürdürülmesi için gerekli olan progesteron, gebe-
li¤in 10. haftas›na kadar korpus luteum ve sonras›nda plasenta tara-
f›ndan üretilir. Bu çal›flman›n amac›, gebeli¤in 6–8 ile 12. haftas›nda
ölçülen serum progesteron konsantrasyonlar› ile üçüncü trimesterde
plasental disfonksiyonu ortaya koyabilecek parametreler aras›ndaki
iliflkiyi araflt›rmakt›r.

Yöntem: Gebeli¤in 6–8. haftalar› ve 12. haftas›nda ölçülen progeste-
ron de¤erleri ile gebelikte hipertansif bozukluklar, intrauterin gelifl-
me gerili¤i, preterm do¤um ve düflük do¤um a¤›rl›¤› gibi plasental
disfonksiyon belirtileri aras›ndaki iliflki de¤erlendirildi. Ayr›ca, daha
önceki bir çal›flmaya dayanarak, erken gebelik döneminde 11
ng/mL’nin üzerindeki ve alt›ndaki progesteron seviyelerine göre iki
grup oluflturuldu ve gestasyonel sonuçlar yönünden bu gruplar ara-
s›ndaki farkl›l›k incelendi.

Bulgular: Gebeli¤in 6–8. haftalar› ve 12. haftas›ndaki progesteron
konsantrasyonlar›, plasental disfonksiyona iflaret eden gebelik komp-
likasyonlar›na sahip olan ve olmayan alt gruplar aras›nda anlaml› fle-
kilde farkl› de¤ildi (tüm parametreler için p>0.05). Gebeli¤in 6–8. haf-
talar›ndaki 11 ng/mL’lik progesteron eflik de¤eri nedeniyle üçüncü
trimester komplikasyonlar› yönünden iki grup aras›nda anlaml› farkl›-
l›k bulunmad›.

Sonuç: Bu çal›flmada, birinci trimesterin erken ve geç dönemlerin-
de ölçülen progesteron de¤erlerinin üçüncü trimesterdeki plasen-
tal disfonksiyon ile iliflkili olmad›¤› sonucuna ulaflt›k. Ayr›ca, ges-
tasyonel sonucu öngörmek için daha önce önerilen eflik de¤eri va-
lide etmedik. Bu nedenle, rutin birinci trimester progesteron tara-
mas› gebelik takibini yönlendirmede uygun olmayabilir.

Anahtar sözcükler: Hipertansif bozukluklar, düflük do¤um a¤›rl›¤›,
plasental disfonksiyon, gestasyonel komplikasyonlar, progesteron.
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Abstract

Objective: Progesterone, which is necessary for maintenance of
pregnancy, is secreted by corpus luteum until 10 weeks of gesta-
tion, and is produced from the placenta afterwards. Aim of this
study is to investigate the relationship of serum progesterone con-
centrations measured in 6–8 weeks and 12 weeks of gestation with
the parameters that may demonstrate placental dysfunction in the
third trimester. 

Methods: Relationship of the progesterone values measured at
6–8 weeks and 12 weeks of gestation with indicators of placental
dysfunction, including hypertensive disorders of pregnancy,
intrauterine growth restriction, preterm delivery and low birth
weight, were evaluated. Furthermore, based on a previous study,
two groups with progesterone levels below and above 11 ng/mL in
early pregnancy were formed, and the difference between these
groups regarding gestational outcomes were investigated. 

Results: Progesterone concentrations at 6–8 and 12 weeks of gesta-
tion were not significantly different between the subgroups with and
without gestational complications indicating placental dysfunction
(p>0.05 for all parameters). As for the two groups, significant differ-
ence was not found in terms of third trimester complications due to
progesterone cut-off of 11 ng/mL at 6-8 weeks of gestation. 

Conclusion: In this study, we did not find progesterone values
measured at early and late first trimester periods to be associated
with placental dysfunction in the third trimester. Also, we did not
validate a previously suggested threshold value to predict gestation-
al outcome. Therefore, routine first trimester progesterone screen-
ing in guiding pregnancy follow-up may not be appropriate. 

Keywords: Hypertensive disorders, low birth weight, placental dys-
function, gestational complications, progesterone.
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Introduction
The importance of first trimester value of proges-
terone, which is necessary for preparation of the
endometrium for implantation, support of decidualiza-
tion required for a healthy maintenance of pregnancy,
and development of immune tolerance against the
fetus, has been shown in several studies on both single
and multiple pregnancies.[1–3] In some studies emphasiz-
ing the role of progesterone in predicting gestational
prognosis in early pregnancy, maternal progesterone
level below 35 nmol/L (11 ng/mL equivalent) has been
found to be associated with vaginal bleeding and mis-
carriage.[4,5] However, there are also studies stating dif-
ferent progesterone threshold values for healthy main-
tenance of pregnancy in the first trimester.[5,6]

Progesterone, which is secreted from corpus luteum
until about 10 weeks of gestation, is produced from the
placenta afterwards.[7] Low progesterone level in the first
trimester of pregnancy is associated with placental dys-
function. Relationship between first trimester proges-
terone concentrations and third-trimester gestational
complications, such as hypertensive disorders, intrauter-
ine growth restriction, oligohydramnios and preterm
delivery, as well as low birth weight, were also investigat-
ed in few studies.[8–10] In a recent study, low serum prog-
esterone concentration during early pregnancy was
found to be associated with an increase in hypertensive
disorders of pregnancy in univariate analysis, but this
relationship was not confirmed in multivariate analysis.[8]

This study also demonstrated that low progesterone
level in the first trimester is associated with low birth
weight.[8] However, the results of the few studies on this
subject are not consistent.[9,11] In addition, it has been
reported that age and body mass index (BMI) in the first
trimester also affect progesterone levels.[9]

The aim of this study is to investigate the relation-
ship of progesterone values measured in 6–8 weeks and
12 weeks of gestation, as indicators of function of cor-
pus luteum and placenta separately, with the parame-
ters that may demonstrate placental dysfunction in the
third trimester, including hypertensive disorders of
pregnancy, intrauterine growth restriction, preterm
delivery, and neonatal birth weight. 

Methods
This study was carried out prospectively in the
Gynecology and Obstetrics department of a tertiary

center. Patients who had new diagnosis of a single
intrauterine pregnancy of 6–8 weeks between April
2018 and April 2020, and who accepted to be included
in the study were enrolled. Maternal serum proges-
terone concentrations at 6–8 and 12 weeks of gestation
were measured by using a chemiluminescence
microparticle immunoassay (ARCHITECT proges-
terone kit, Abbott, Donegal, Ireland). Routine follow-
up of pregnancy was performed, and gestational com-
plications including hypertensive disorders, intrauter-
ine growth restriction and preterm delivery along with
delivery week and birth weight parameters of the new-
born were evaluated.

Patients with multiple pregnancies, patients who
were treated with progesterone due to vaginal bleeding
or threatened abortion, who had history of recurrent
miscarriages, who achieved pregnancy by assisted
reproductive techniques, who were smokers, and who
had chronic hypertension or systemic diseases were
excluded from the study.

All gestational outcomes were recorded. Patients’
age, BMI calculated according to height and weight at
first maternal visit, progesterone values measured at first
visit (6–8 weeks) and at 12 weeks of gestation, gestation-
al outcome as abortion or delivery, presence of hyper-
tensive disorders (gestational hypertension / preeclamp-
sia) occurring after the 20 weeks of gestation, presence
of fetal intrauterine growth restriction, presence of
preterm delivery, week of gestation at delivery and birth
weight of the newborn were evaluated.

Spontaneous abortion was defined as loss of pregnan-
cy without intervention before the 20 weeks of gesta-
tion,[12] gestational hypertension was defined as blood
pressure ≥160/100 mmHg or ≥140/90 mmHg in two
separate measurements checked at least 4 hours apart
after the 20 weeks of gestation, and preeclampsia was
defined as gestational hypertension and proteinuria (>300
mg protein in 24-hour urine), or thrombocytopenia
(<100,000x109/L), renal failure (creatinine>1.1 mg/dL),
and impaired liver tests in the absence of proteinuria.[13]

Preterm delivery was defined as delivery before 37 weeks
of gestation,[14] and low birth weight was defined as new-
born weight less than 2500 grams.[15] Intrauterine growth
restriction was defined as estimated fetal weight less than
10th percentile for gestational age.[16]

The relationship of the progesterone values meas-
ured at 6–8 weeks and 12 week of gestation with hyper-
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tensive disorders of pregnancy, intrauterine growth
restriction, preterm delivery and low birth weight were
evaluated.

Furthermore, two groups with progesterone levels
below and above 11 ng/mL in early pregnancy were
formed, and the difference between these groups was
investigated in terms of hypertensive disorders of preg-
nancy, development of intrauterine growth restriction,
preterm labor and low birth weight.

In addition, progesterone values measured in both
weeks of gestation were compared between patients
aged ≤21 and >21 years, as well as between patients
with a BMI <30 and ≥30 kg/m2.

This study was approved by Institutional Review
Board of Baflkent University (Project no. KA18/105).
Written informed consent was obtained from all patients.

Statistical analysis was performed by using the SPSS
software (Version 25.0, SPSS Inc., Chicago, IL, USA).

Based on a previous study, under the assumption
that pregnant women with early progesterone levels
below 11 ng/mL have a high risk of low birth weight
and that the low birth weight rate is 0.30 in pregnant
women with progesterone levels above 11 ng/mL,[7] to
find doubling of this rate (0.60) in pregnant women
with low progesterone levels significant with 5% error
and 80% power, the minimum sample size was deter-
mined as 41 patients per group.

Categorical measurements were presented by num-
ber and percentages, while continuous measurements
were defined by mean and standard deviation or medi-
an and range (when data was not normally distributed).
Mann-Whitney U test for data, which was not normal-
ly distributed, was used for comparisons between
groups. Chi-square or Fisher’s exact tests were used to
assess the categorical variables between groups. The
value of p<0.05 was accepted statistically significant for
all tests. 

Results
Of the 164 patients enrolled in the study, 2 patients were
terminated during early pregnancy due to fetal anomaly,
pregnancy of 8 patients resulted in spontaneous abor-
tion, and the pregnancy follow-ups of the remaining 154
patients were continued in the third trimester (Fig. 1).

Of the 154 patients whose pregnancy was continued
and resulted in delivery in the third trimester, 107

patients gave birth in our center, while 47 patients were
found to have given birth in an external center.
Pregnancy and delivery information of the patients who
gave birth in external centers was obtained by phone calls.

While progesterone values of all patients at 6–8
weeks of gestation were available, progesterone values at
12 week of gestation were obtained in 97 patients.

The mean age of the patients was 29.6±5.1 years, and
the mean BMI was 24.2±3.9 kg/m2. Characteristics of
the cohort are shown in Table 1.

Median progesterone value at 6–8 weeks of gestation
was 8.90 (range 5.40–18.30) ng/mL in pregnancies
resulting in abortion, while it was 16.5 (range 6.5–53.2)
ng/mL in the remaining of the cohort. Spontaneous
abortion occurred before 12 weeks of gestation in 7 of 8
patients. Progesterone levels of the only patient, whose
abortion occurred after 12 weeks of gestation, were 15.7
ng/mL and 25.5 ng/mL at 6–8 and 12 weeks of gesta-
tion, respectively.

When patients were evaluated in two groups accord-
ing to progesterone levels at 6–8 weeks of gestation below
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Fig. 1. Flowchart of the cohort.  



and above 11 ng/mL, significant difference was not found
between the two groups in terms of third-trimester com-
plications including hypertension, intrauterine growth
restriction, preterm delivery and low birth weight
(p=1.000, p=0.475, p=1.000, and p=1.000 respectively).

Among patients with and without low birth weight
newborns, no difference was found regarding mean age,
BMI, and progesterone values at 6–8 weeks and 12
weeks of gestation (p>0.05 for all parameters).

Likewise, the mean age, BMI, and progesterone val-
ues of the patients at the 6–8 weeks and 12 weeks of ges-
tation with and without preterm delivery, with and with-
out hypertensive disorders, and with and without

intrauterine growth restriction were not significantly
different (p>0.05 for all parameters). The relationship of
progesterone values at 6–8 weeks and 12 weeks of gesta-
tion with third-trimester gestational complications is
shown in Table 2.

There were 6 patients at and under 21 years of age in
the cohort. It was observed that progesterone values
measured in both weeks did not change significantly
between those at and under the age of 21 and above the
age of 21 (p=0.483 for 6–8 weeks of gestation, and
p=0.104 for 12 weeks of gestation) (Table 3).

There were 12 patients with BMI ≥30, and these
patients had a lower progesterone value than the
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Table 1. Basal characteristics and third trimester outcomes.

Basal characteristics n=164

Maternal age (year) (mean ± SD) 29.6±5.1

BMI (kg/m2) (mean ± SD) 24.2±3.9

Progesterone at 6–8 weeks of gestation (ng/mL) [median (min-max] 16.1 (5.4–53.2)

Progesterone at 12 weeks of gestation (ng/mL) [median (min-max)] (n=97) 25.4 (12.3–48.8)

Third-trimester outcomes n=154

Delivery week (week/day) [median (min-max)] 38/3 (34/0–41/3)

Birth weight of the newborn (g) [median (min-max)] 3350 (2050–4500)

Preterm delivery [n (%)] 16 (10.4)

Low birth weight [n (%)] 11 (7.1)

Hypertensive disorders of pregnancy [n (%)] 10 (6.5)

Intrauterine growth restriction [n (%)] 19 (12.3)

BMI: body mass index.

Table 2. Early and late first-trimester progesterone values in absence and presence of pregnancy complications in the third trimester.

Low birth weight (-) Low birth weight (+) p-value

Progesterone at 6–8 weeks of gestation [Median (min-max)] 16.1 (6.5–53.2) 17.0 (8.3–34.3) 0.548

Progesterone at 12 weeks of gestation [Median (min-max)] 25.4 (12.3–45.6) 21.6 (20.9–28.0) 0.521

Preterm delivery (-) Preterm delivery (+) p-value

Progesterone at 6–8 weeks of gestation [Median (min-max)] 16.3 (6.5–53.2) 15.7 (10.0–34.3) 0.796

Progesterone at 12 weeks of gestation [Median (min-max)] 25.6 (12.3–45.6) 21.6 (20.5–29.3) 0.242

Hypertension (-) Hypertension (+) p-value

Progesterone at 6–8 weeks of gestation [Median (min-max)] 16.1 (6.5–53.2) 15.5 (10.1–26.0) 0.935

Progesterone at 12 weeks of gestation [Median (min-max)] 25.4 (12.3–45.6) 24.6 (20.5–44.2) 0.614

IUGR (-) IUGR (+) p-value

Progesterone at 6–8 weeks of gestation [Median (min-max)] 16.2 (6.5–53.2) 14.5 (8.3–40.3) 0.730

Progesterone at 12 weeks of gestation [Median (min-max)] 25.6 (12.3–45.6) 21.6 (16.9–36.6) 0.158

IUGR: intrauterine growth restriction.



patients with BMI <30. The difference was significant
for the progesterone values at 6–8 weeks of gestation
(p=0.006), while statistical significance was not found for
the progesterone values at 12 weeks of gestation
(p=0.268) (Table 3).

Discussion
There are few studies, in which the relationship of first-
trimester serum progesterone concentrations with third-
trimester placental function is investigated. In this study,
the effects of progesterone from corpus luteum and pla-
centa in the third trimester were evaluated separately;
however, the serum progesterone concentrations meas-
ured at 6–8 weeks and 12 weeks of gestation were not
found to be related to the complications associated with
placental dysfunction in the third trimester.

Progesterone has been used as a parameter indicating
the viability of pregnancy in the first trimester for many
years, and different cut-off values have been proposed in
several studies for this purpose. Daily et al. reported the
mean progesterone values in viable and non-viable preg-
nancies in the first 8 weeks of gestation 22.1 ng/mL and
10.1 ng/mL, respectively.[17] Al-Sebai et al. reported that
a cut-off level of 45 nmol/L (14.13 ng/mL) can deter-
mine viable and non-viable pregnancies with 87.6% sen-
sitivity and 87.5% specificity.[18] Elson et al. suggested
that the progesterone cut-off level for normal viable
pregnancy in the early weeks is >25 ng/mL.[19] Abdelazim
et al. reported that the 20 ng/mL cut-off value was
95.1% sensitive and 98.9% specific in diagnosing a non-
viable pregnancy.[1] A progesterone level ≤16 ng/mL
(50.7 nmol/L) according to Duan et al.,[20] and a proges-
terone level ≤12 ng/mL (38.3 nmol/L) according to Arck
et al. was associated with an increased risk of abortion.[6]

Ku et al. suggested a cut-off level of 35 nmol/L (11
ng/mL) for spontaneous abortion in patients presenting

with vaginal bleeding.[4,5] However, the study was carried
out on pregnant women who applied for vaginal bleed-
ing, which may indicate that a population that was
already unhealthy was selected.

Progesterone is one of the important mechanisms
determining trophoblastic structuring in the first
trimester. It has been suggested that low serum proges-
terone level in early pregnancy negatively affects tro-
phoblastic invasion and impairs placentation.[8,21] Besides,
it has been reported that complications such as hyperten-
sive disorders and preterm delivery are more common in
the further weeks of gestation in patients with first-
trimester complications such as vaginal bleeding.[8,22] On
the other hand, it is known that progesterone, which
originates from the corpus luteum at the beginning of
the first trimester, is largely produced by the placenta
after 10 weeks of gestation.[2,9] However, the evaluated
progesterone levels were measured in the early period of
pregnancy in all studies, which reflects the function of
the corpus luteum rather than the placenta.

In a retrospective study, He et al. investigated the
relationship of progesterone in early pregnancy with
third-trimester gestational complications and low birth
weight, and the threshold value was accepted 11 ng/mL
(35 nmol/L), based on a prior study, evaluating first-
trimester pregnancy viability, conducted in the same
clinic. In this study, He reported that a progesterone
level of <11 ng/mL between 5 and 12 weeks of gestation
was associated with low birth weight in advanced weeks,
while there was no significant difference in other param-
eters showing placental dysfunction.[8]

In our study, we examined progesterone values in
two separate weeks considering that progesterone origi-
nates mainly from the feto-maternal unit at the end of
the first trimester and reflects the function of the placen-
ta much more in this period, and therefore, progesterone
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Table 3. Progesterone values according to age and BMI.

Age≤≤21 Age>21 p-value

Progesterone at 6–8 weeks of gestation [Median (min-max)] 18.9 (9.8–40.3) 16.1 (5.4–53.2) 0.483

Progesterone at 12 weeks of gestation [Median (min-max)] 19.0 (18.3–19.7) 25.5 (12.3–48.8) 0.104

BMI<30 BMI≥≥30 p-value

Progesterone at 6–8 weeks of gestation [Median (min-max)] 16.5 (5.4–53.2) 11.4 (6.8–29.8) 0.006

Progesterone at 12 weeks of gestation [Median (min-max)] 25.5 (12.3–48.8) 21.6 (16.5–36.9) 0.268

BMI: body mass index.



measurement at 12 weeks of gestation may be more
appropriate in predicting placental dysfunction in the
following weeks. However, in our study, unlike the pre-
vious study, we found that the progesterone values meas-
ured neither at 6–8 weeks nor at 12 weeks of gestation
were associated with complications related with placen-
tal dysfunction including low birth weight.

In a recent study, Shen et al. investigated the rela-
tionship between progesterone concentration in early
pregnancy and risk of preterm delivery in a large popu-
lation. However, unlike our study, progesterone level
was mostly measured in risky patients, who had vaginal
bleeding, instead of all population, and the majority of
the tests were performed before 9 weeks of gestation,
and most of the patients were treated with progesterone
in this study. While the outcomes might be affected by
inclusion criteria and progesterone treatment, similar to
our results, low levels of progesterone were not found to
be associated with risk of preterm birth.[10]

Besides, progesterone level can be affected by differ-
ent parameters. It has been shown that the first-trimester
maternal BMI is inversely proportional to the serum
progesterone level. Obesity (BMI ≥30 kg/m2), has been
associated with lower progesterone levels (<35
nmol/L).[9,23] Maternal age between 18–21 years has also
been found to be associated with low progesterone.[9]

Our results are partly consistent with these findings, and
progesterone level was significantly lower in the patients
with high BMI at early weeks of gestation; however, low
values at 12th week measurements were not found to be
significant. Progesterone values did not differ signifi-
cantly in patients aged 18–21 years when compared to
patients above 21 years old. However, low number of
patients in these subgroups may have affected the results.

The most important limitation of the study is that,
pregnancy of some of the patients with low progesterone
levels resulted in miscarriage in the first trimester, and
the failure of these patients to reach the advanced weeks
of gestation led to a lack of data of an important group
for whom gestational complications could be evaluated.
The lack of data for 12th week-progesterone values of
some patients whose progesterone levels were measured
at 6–8 weeks of gestation is also a limitation of the study.
On the other hand, prospective design, measurement of
all progesterone values in the same laboratory, and com-
pletion of data on pregnancy complications, albeit by
phone calls, are the strengths of the study.

Conclusion
Both of the progesterone values measured at the begin-
ning and end of the first trimester were not associated
with placental dysfunction in the third trimester. Also,
we did not validate the previously suggested threshold
value to predict gestational outcome. Therefore, rou-
tine first-trimester progesterone screening in guiding
pregnancy follow-up does not seem to be logical.
However, these results can be re-evaluated in further
studies with larger populations.
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Introduction
Placenta accreta spectrum is a serious condition that can
develop due to abnormal trophoblastic invasion of the
placenta towards the myometrium.[1] It is associated with
severe maternal morbidity. The guideline published by

the American College of Obstetricians and Gynecologists
(ACOG) and the Society for Maternal-Fetal Medicine
(SMFM) emphasized that such patients should take level
3–4 care.[2] Furthermore, the incidence of placenta adhe-
sion anomalies increases in correlation with increased

Özet: Plasenta previa perkreta yönetiminde
geleneksel ve radikal cerrahi operasyonun
karfl›laflt›rmas›
Amaç: Plasenta previa perkreta (PPP) yönetimi için uterus koru-
yucu cerrahi (UKC) ve histerektomiyi karfl›laflt›rmay› amaçlad›k. 

Yöntem: UKC ve histerektomi olan anterior invazyonlu PPP has-
talar›n›n verileri retrospektif olarak analiz edildi. PPP’li hastalar›n
klinik ve cerrahi sonuçlar›, cerrahi operasyon türüne göre karfl›lafl-
t›r›ld›. 

Bulgular: UKC grubunda ortalama intraoperatif kan kayb›, sezar-
yen histerektomi grubuna k›yasla daha düflüktü (1227.78±204.80
ml’ye karfl› 1442.22±125.68 ml; p=0.017). Hemoglobin düflüflü,
UKC yap›lan hastalarda anlaml› flekilde daha düflüktü (1.87±0.68
g/dl’ye karfl› 2.88±1.04 g/dl; p=0.026). Ayr›ca, ortalama toplam
transfüzyon oran› da UKC grubundaki hastalarda anlaml› flekilde
daha düflüktü (1.33±0.87 Ü’ye karfl› 2.33±0.71 Ü; p=0.016). 

Sonuç: Histerektomiye k›yasla UKC, anterior plasental invazyon-
lu PPP hastalar›nda intraoperatif kan kayb›n› ve transfüzyon ora-
n›n› azalt›r. Bilateral uterusun ve utero-ovaryen arterlerin Satinsky
klempleriyle geçici blokaj›, UKC baflar›s›na katk›da bulunma po-
tansiyeline sahiptir. 

Anahtar sözcükler: Plasental invazyon anomalisi, plasenta perkre-
ta, plasenta previa, Satinsky klempleri, uterus koruyucu cerrahi.
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Abstract

Objective: We aimed to compare the uterine sparing (US) sur-
gery and hysterectomy for placenta previa percreta (PPP) manage-
ment. 

Methods: Data from PPP patients with anterior invasion who
underwent US surgery and caesarean hysterectomy were retro-
spectively analyzed. The clinical and surgical outcomes of patients
with PPP were compared according to the type of surgery. 

Results: The mean intraoperative blood loss was lower in US sur-
gery group than in caesarean hysterectomy group (1227.78±204.80
ml vs 1442.22±125.68 ml; p=0.017). The hemoglobin drop was also
significantly lower in the patients with US surgery (1.87±0.68 g/dl vs
2.88±1.04 g/dl; p=0.026). Moreover, the mean total transfusion rate
was also significantly lower in the patients with US surgery
(1.33±0.87 U vs 2.33±0.71 U; p=0.016). 

Conclusion: Uterine sparing surgery reduces intraoperative
blood loss and transfusion rate in PPP patients with anterior pla-
cental invasion compared to hysterectomy. The temporary block-
age of bilateral uterine and uteroovarian arteries with Satinsky
clamps may potentially contribute to the success of US surgery. 

Keywords: Placental invasion anomaly, placenta percreta, placen-
ta previa, Satinsky clamps, uterine sparing surgery.
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caesarean section rates today. In a study made in China,
which switched from one child to two children policy in
2011, the incidence of increta and percreta has been
reported to rise from 0.18% to 0.78%.[3] In countries
where the number of children has been accepted as social
force, such as Turkey, the incidence of placenta percreta
is estimated to be higher.

There are three types of placenta accreta spectrum.
Those are, accreta, increta and percreta, which varies
according to the degree of pathological invasion.
Placenta percreta is the most serious form of these types.
Thus, it causes intractable intrapartum and postpartum
bleeding due to the deep invasion of the placenta into the
adjacent structures of the myometrium and uterus.[4]

Postpartum hemorrhage in 65.9%, transfusion require-
ment in 86.2%, peripheral visceral injury in 14.3% and
neonatal intensive care need in 54.5% of the patients
with placenta percreta are indicated.[3] Risk of placental
insertion anomaly in patients with placenta previa in 3rd
caesarean section was 40% and in 4th it reaches 67%.[5]

The combination of placenta percreta and placenta pre-
via is thought to increase the aforementioned risks.

The management of placenta percreta requires a
multidisciplinary approach and experience. Today, the
most widely recommended approach is planned caesare-
an hysterectomy before the start of labor.[6] But for
patients who want to maintain fertility, uterine sparing
(US) alternative approaches come to the fore. Several US
approaches have been proposed to date based on the
basis of reducing the amount of bleeding and complica-
tions.[4,7–10] Nevertheless, both the patients and the obste-
tricians have a tendency to avoid placenta previa percre-
ta (PPP) surgery, although there are several techniques
have been developed for such cases. An optimal treat-
ment for placenta accreta spectrum disorders has not yet
been determined. In this study, we aimed to compare the
effectiveness and the results of radical surgery versus US
surgery using Satinsky clamps in the surgical manage-
ment of PPP.

Methods
This retrospective study was approved by the local
ethics committee for clinical research of Mu¤la S›tk›
Koçman University, Faculty of Medicine, Mu¤la,
Turkey. Between March 2015 and January 2020, data
from patients who underwent hysterectomy or US sur-
gery for PPP were retrospectively analyzed. In our
clinic practice, standard surgery for previa percreta

patients is planned with hysterectomy. For patients
who insisted on preserving her fertility, we performed
US surgery after telling the risks of US surgery and
taking the strict necessary approval form. The neces-
sary information was obtained from the hospital data-
base and patient files. Only those who had signed the
informed consent at the time of medical evaluation
were included in the present research.

During this period, 25 patients who preoperatively
diagnosed as PPP were analyzed. Among those
patients, 18 had anteriorly proved placenta percreta
diagnosis intraoperatively and included to the study.
Three patients had parametrial or posterior invasion
anomaly of percreta, three patients who were not diag-
nosed as PPP during surgery were excluded. Medical
records of one patient could not be found. A total of
nine patients with US surgery and nine patients with
hysterectomy were included (Fig. 1). Patients charac-
teristics such as age, gravida, parity, body mass index

Fig. 1. Flowchart for selection of study population. 
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(BMI), birth week, the number of previous caesarean
sections, intraoperative blood loss, intraoperative com-
plications (bladder, ureter, gastrointestinal system
injuries), postoperative complications, preoperative
hemoglobin, postoperative hemoglobin, hemoglobin
decrease, total transfusion need and intensive care unit
need were obtained from the hospital database.

The amount of intraoperative bleeding was calculat-
ed by adding the amount of blood detected in the aspira-
tor to the weight difference of the wet and dry states of
gauze and compresses. The hemoglobin decrease was
calculated in g/dl by subtracting the preoperative hemo-
globin value from the postoperative hemoglobin value.
Preoperative hemoglobin was calculated in g/dl as the
hemoglobin value obtained on the day before the opera-
tion. Postoperative hemoglobin was calculated in g/dl as
the hemoglobin value obtained 24 hours after the oper-
ation (default practice of our clinic). The duration of
hospitalization was calculated in days from the first post-
operative day until discharge time. The patients were
grouped into the US group (n=9) and hysterectomy
group (n=9). Patient demographics were described.
Preoperative, intraoperative and postoperative surgical
parameters were compared and analyzed.

Placental implantation site was evaluated with
transabdominal, transvaginal and Doppler ultrasonogra-
phy. Visualization of lacunae/turbulent lacunae flow and
lack of a sonoluscent zone were diagnostic criteria used
in imaging methods for the diagnosis of PPP.[11] In some
cases, a magnetic resonance imaging was taken to clarify
the diagnosis of PPP. Detection of abnormally engorged
vessels on the lower anterior surface of the uterus and
abnormal vascularity exceeding the uterine serosa or
reaching to surrounding organs during operation estab-

lished the diagnosis of PPP. If bleeding occurred during
follow-up period of the patients with PPP, caesarean sec-
tion was performed without regard to the week of preg-
nancy. At 35–36 weeks of gestation, planned caesarean
section was performed in women without any complica-
tions in obstetric follow-ups. Preoperative placental
mapping with transabdominal ultrasonography was per-
formed in all patients diagnosed with PPP. The reason
for this was to perform the caesarean section without
damaging the placenta during uterine incision. We
reserved four units of erythrocyte suspension and four
units of fresh frozen plasma preoperatively for all
patients, which is the routine practice of our clinic.

Surgical technique

Uterine sparing surgery
The surgical procedure began with an infraumbilical
midline incision to open the peritoneal cavity. Then lon-
gitudinal incision in the uterine fundus was performed
for removal of the fetus. However, uterine fundus inci-
sion can be modified as slightly laterally according to the
findings of placental mapping. This is very important to
avoid any unnecessary injury to placenta. Then, fetus is
removed immediately via reverse breech presentation.
Umbilical cord is clamped and placenta is left in place. At
this step, fundal incision is closed in a continuous man-
ner. Before dissection of vesica from anterior wall of
uterus, two Satinsky clamps are positioned on bilateral
infundibulopelvic ligaments and another two Satinsky
clamps are positioned gently on bilateral uterine arteries
at the isthmic level for decreasing vascularization of the
uterus (Fig. 2). This step is critical for more comfortable
continuation of the rest of the surgical procedure. Then
dissection of vesica from anterior wall is performed by

Fig. 2. (a) A Satinsky clamp is positioned on left infundibulopelvic ligament. (b) Another Satinsky clamp is positioned gently on left uterine artery. 

a b



the help of electrocautery, right angle clamp and collet
(Fig. 3). Sometimes we choose handle LigaSure sealing
device for devascularization of aberrant vessels crossing
vesica. After fully dissection of vesica, the lower end of
the placental adhesion area was reached anteriorly.
Afterwards, local resection of adherent placental part was
performed. At this step, as left hand of surgeon controls
the borders of adherent part inside the uterus, right hand
with scalpel outside the uterus opens the borders of
adherent placenta in a circular fashion. After resecting
the placenta totally with adherent uterine wall, no:1/0
vicryl is used to suture uterine wall defect in a continu-
ous locked fashion. Then all of the Satinsky clamps are
removed. After sustaining normal vascularity of the
uterus, we check and suture for extra bleeding parts.
When hemostasis control is achieved, the abdominal
wall is closed in accordance with its anatomical layers. All
patients in US group underwent surgery as described
above.

Hysterectomy
The surgical procedure applied in all patients who
underwent hysterectomy is the same as described in the
study of Camuzcuo¤lu et al.[12] The only difference is that
internal iliac artery ligation was not applied in any
patient in this study.

Statistical analysis

Statistical analyses were performed using Statistical
Package for the Social Sciences software, version 23
(IBM Inc., Armonk, NY, USA). Shapiro-Wilk test was
used to determine the distribution type. The data were
expressed as the mean ± standard deviation for normally
distributed data, and as median [25th–75th percentiles]

for non-normally distributed data. The significance of
differences between the groups was determined using
Mann-Whitney U (for non-normally distributed data)
and independent sample t-test (for normally distributed
data). The chi-square analysis was done for categorical
data. Post-hoc power analysis was done at the end of
study taking transfusion rate as the main outcome vari-
able. A p-value of less than 0.05 was considered statisti-
cally significant.

Results
The baseline demographic characteristics of the patients
are listed in Table 1. The average age of patients in the
two groups was similar (US group 34.78±2.11 years vs
hysterectomy group 35.67±2.29 years; p=0.404). The
mean BMI of patients in the two groups was also similar
(US group 29.96±2.28 vs hysterectomy group 28.97±
2.99; p=0.442). In US group, median number of caesare-
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Fig. 3. Dissection of vesica from anterior wall of the uterus is per-
formed by the help of electrocautery, right angle clamp and
collet.

Table 1. Demographic characteristics of study participants. 

Uterine sparing group (n=9) Hysterectomy group (n=9)
Mean±SD* or Mean±SD* or 

Variables Median (25th–75th)† Median (25th–75th)† p-value

Age (years) 34.78±2.11 35.67±2.29 0.404*

BMI (kg/m2) 29.96±2.28 28.97±2.99 0.442*

Gravidity (n) 3.44±0.89 3.78±1.20 0.512*

Parity (n) 2.56±0.53 3.00±1.11 0.297*

Birth week (n) 35 (33–36) 36 (35–37) 0.154†

Previous C/S (n) 3 (1.5–49) 3 (2–4) 0.712†

p<0.05 indicates statistical significance. Continuous variables are given as the mean and standard deviation or median [25th–75th]. BMI: body mass index; C/S: cesare-
an section; SD: standard deviation. *Independent sample t-test; †Mann-Whitney U test.
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an section was three (range 1.5–4), as well as it was three
(range 2–4) in hysterectomy group (p=0.712). There was
no significant difference in terms of birth weeks of two
groups (US group 35 [range 33–36] weeks vs hysterec-
tomy group 36 [range 35–37] weeks; p=0.154).

The clinical and surgical outcomes of the two groups
were compared and are documented in Table 2. The
mean preoperative hemoglobin (Hb) values in the US
and hysterectomy groups were similar (11.49±1.32 g/dl
vs 11.09±1.75 g/dl, respectively; p=0.592). However,
postoperative Hb and Hb drop values were lower in the
hysterectomy group (p=0.027 and p=0.026, respectively).
The mean intraoperative blood loss volume was signifi-
cantly lower in the US group (1227.78±204.80 ml vs
1442.22±125.68 ml; p=0.017). The mean total transfu-
sion rate was significantly lower in the US group than in
the hysterectomy group (1.33±0.87 U vs 2.33±0.71 U;
p=0.016). No cases of intraoperative complications in
terms of ureter and bowel injury were reported in either
group. However, one of the nine patients in US group
and one in hysterectomy group had bladder injury
(p=0.303). Moreover, one of the nine patients in US
group and two of the patients in hysterectomy group had
intensive care unit need (p=0.134).

Discussion
In this study, we evaluated and compared the results of
US surgery and hysterectomy performed in the PPP
cases in our clinic. The main result of the study was that
intraoperative bleeding, Hb drop and total transfusion

rate were significantly less in patients undergoing US
surgery than in patients undergoing radical surgery.
Moreover, there was no difference between the two
groups in terms of complications. The results of this
study may contribute to the literature in PPP cases with
anterior invasion who want to preserve their fertility.

Today, with increased caesarean rates, the risk of
encountering with placenta percreta is increasing steadi-
ly. Although the classic treatment is hysterectomy, uter-
ine protective approaches has gained popularity in
recent years. In particular, in societies where continuing
fertility has utmost importance for women’s social sta-
tus, the option of hysterectomy may come across as a
problem as it causes cessation of fertility. In 2004,
Palacious et al. were able to perform US surgery on 50
out of 68 anterior percreta cases.[7] In their study pub-
lished in 2020, the same authors reported that hysterec-
tomy can be prevented by 80% in placenta accreta spec-
trum disorders.[13] Local resection and reconstruction
methods have been modified by many authors and have
been successfully applied in placenta percreta cases until
today.[4,7,10,14–18] We also applied local resection and recon-
struction methods in all cases where we have performed
US surgery, and the uterus has been preserved in all of
the cases. All of these cases were anterior percreta. The
placental invasion site is probably one of the most
important factors in deciding to perform uterine protec-
tive approach. In particular, if there is an invasion of the
placenta to the parametrium or posterior of the uterus,
the US surgery is not a preferred approach. Because the
risk of sudden intractable bleeding and mortality risk is

Table 2. Clinical data of the studied groups. 

Uterine sparing group (n=9) Hysterectomy group (n=9)
Variables Mean±SD* Mean±SD* p-value

Preop Hb (g/dl) 11.49±1.32 11.09±1.75 0.592*

Postop Hb (g/dl) 9.73±0.96 8.21±1.62 0.027*†

Hb drop 1.87±0.68 2.88±1.04 0.026*†

Intraoperative blood loss (ml) 1227.78±204.80 1442.22±125.68 0.017*†

Total transfusion (unit) 1.33±0.87 2.33±0.71 0.016*†

Bladder injury (n) (%) 1/9 (11.11) 1/9 (11.11) 0.303‡

Ureter injury (n) (%) - -

Bowel injury (n) (%) - -

ICU need (n) (%) 1/9 (11.11) 2/9 (22.22) 0.134‡

Continuous variables are given as the mean and standard deviation. Categorical variables are given as the number (percentages). Hb: hemoglobin; Postop: postop-
erative; Preop: preoperative; SD: standard deviation. *Independent sample t-test; †p<0.05; ‡Chi-square analysis.



high. Here, it can be said that US surgery can be per-
formed on patients insisted keeping their fertility, espe-
cially in anterior percreta cases.

Sudden bleeding in percreta surgery makes explo-
ration difficult and, increases the mortality and the com-
plications. It is very important to minimize intraopera-
tive bleeding in order to achieve successful outcomes at
this surgery. A wide variety of methods have been
applied to reduce intraoperative bleeding. These meth-
ods include applications requiring interventional radiol-
ogy such as prophylactic balloon catheter occlusion
(uterine artery, internal iliac artery, common iliac artery,
aorta), embolization of uterine or internal iliac
artery.[3,11,19–23] Although there is not enough data in the
literature on the effectiveness of these methods, there
are cases where serious complications have been report-
ed in the literature.[20,24,25] Our hospital does not have an
interventional radiologist experienced in these issues.
That’s why we have not had an experience on this. Apart
from these methods, uterine artery ligation, internal iliac
artery ligation, uterine tourniquet, uteroovarian liga-
ment ligation, stapler use in hysterotomy, intracavitary
suture methods has been applied by several authors to
reduce the amount of intraoperative bleeding.[9,12,14–18] In
percreta patients who underwent hysterectomy, Turan
et al., Palacious et al. and Sumigama et al. reported an
average amount of bleeding as 1950 ml, 2000 ml and
12,140 ml, respectively.[9,11,13] Acar et al. and Donna et al.
reported the average amount of bleeding in placenta
accreta spectrum disorders with US surgery as 1350 cc,
1200 cc, respectively.[17,22] The majority of these reported
cases consist of accreta and increta cases. In our study,
although, all cases were placenta percreta, the mean
intraoperative bleeding was 1442.22±125.68 ml in the
hysterectomy group and 1227.78±204.80 ml in the US
group. Here we can say that temporary clamping of
bilateral uterine arteries and infundibulopelvic liga-
ments after removal of the fetus is an effective method to
decrease intraoperative bleeding.

In our series, we found that Hb decrease was
1.87±0.68 g/dl in US group and 2.88±1.04 g/dl in hys-
terectomy group. These values directly affect the trans-
fusion requirement. In their placenta accreta spectrum
series where they performed segmental resection,
C›rpan et al., Karaman et al. and Karaçor et al. reported
an average of 4.18 units, 4.8 units and 4.1 units of ery-
throcyte suspension replacement, respectively.[14,16,18] In
our study, we detected 1.33 units of erythrocyte suspen-

sion replacement in the US group. According to these
findings, we can say that the decrease in the amount of
intraoperative bleeding reduces both intraoperative and
postoperative complications of transfusion.

In cases of previa percreta, there is a risk of urinary
tract injury, especially if there is lateral or parametrial
placental invasion of the uterus is present. For this pur-
pose, preoperative ureteral stent application can be
made. But applying ureteral stent before surgery does
not eliminate the risk of ureteral and bladder damage.[26]

We did not apply ureteral stent to any of our cases.
Despite this, we have not encountered any ureteral dam-
age. But we detected bladder damage in one case in US
group and in one case in hysterectomy group. In both
cases, advanced fibrosis was present between the posteri-
or side of bladder and uterine serosa. At two different
percreta hysterectomy series, authors reported 5% and
6.9% bladder injury ratio.[12,27] In this context, we can say
that our rates of bladder injury are in line with the liter-
ature. According to our experience, the damage of the
serosa overlying the placenta that makes bulging from
the anterior surface of the uterus leads to bleeding hard
to control and the loss of the bladder dissection plane.
This condition may lead to increased bladder complica-
tions. We want to emphasize that maintaining the dis-
section plane of bladder is very important in order to
minimize bladder injury.

Satinsky clamps provide temporary vascular occlu-
sion, which are mostly applied in cardiovascular and
hepatorenal surgery. We could not find any literature
data using Satinsky clamps in percreta surgery. The
advantages of these clamps are practical and easy to use,
do not damage tissues and can be removed when
desired.[28] In our cases, we have not encountered any
complications related to the use of these clamps. In perc-
reta cases with very high risk of bleeding, we can say that
the use of these clamps is safe, easy, and may contribute
to reduce the amount of intraoperative bleeding accord-
ing to our experience.

The limitations of our study were retrospective
design and low number of patients. Subgroup analyses
were not robust due to the low number of cases. The
strength of our study is the first to describe a new surgi-
cal technique for temporary blockage of bilateral uterine
and uteroovarian arteries with Satinsky clamps that
potentially contributes to a reduction in intraoperative
blood loss and transfusion rates in uterine sparing sur-
gery.
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Conclusion
In our study, we found that US surgery reduces intra-
operative blood loss and transfusion rate in PPP
patients with anterior placental invasion compared to
hysterectomy. The temporary blockage of bilateral
uterine and uteroovarian arteries with Satinsky clamps
may contribute to the literature and future projections
in PPP surgery.
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The incidence and distribution of anomalies found 
in the pregnant women applied to Kayseri City

Hospital for obstetric ultrasound in 2019: 
a retrospective analysis 

fiadan Tutufl
Radiology Department, Kayseri City Hospital, Kayseri, Turkey

İD

Özet: Kayseri fiehir Hastanesine 2019 y›l›nda obstetrik
ultrasonografi için baflvuran gebelerde saptanan
anomali s›kl›¤› ve da¤›l›m›: Retrospektif analiz
Amaç: Hastanemiz birinci obstetrik radyoloji poliklini¤ine 2019
y›l›nda ultrasonografi (US) bak›s› için gönderilen gebelerde sapta-
nan anomalilerin görülme s›kl›¤› ve da¤›l›m›n› belirlemektir.
Yöntem: 1 Ocak – 31 Aral›k 2019 tarihleri aras›nda 588’i yabanc›
uyruklu olmak üzere toplam 4018 gebeye rutin kontrol, takip ve
tarama amaçl› 5661 obstetrik US tetkiki yap›ld› ve sonuçlar› etik
kurul onay› al›nd›ktan sonra retrospektif olarak analiz edildi. Tüm
ultrasonografik muayeneler tek radyolog (fiT) taraf›ndan Canon
Aplio 500 ultrason cihaz›nda (Canon Medical Systems Corporati-
on, Tokyo, Japonya), 3.5 Mhz konveks prob kullan›larak gerçek-
lefltirildi. Anomali tespit edilen olgular›n sonuçlar›na ulafl›l›p siste-
matik grupland›rma yap›larak literatür eflli¤inde görülme s›kl›¤› ve
da¤›l›m› araflt›r›ld›. 
Bulgular: ‹ncelenen obstetrik US tetkikleri sonucunda 17’si ya-
banc› uyruklu gebelere ait olmak üzere toplam 62 anomalili fetüs
tespit edildi. Bu anomalilerin 29’u kraniyospinal, 10’u genitoüri-
ner, alt›s› kalp, alt›s› iskelet sistemi, üçü gastrointestinal sistem, iki-
si torakal ve alt›s› s›n›fland›r›lamayan anomalilere aitti. Gebeler
17–43 yafllar› aras›nda (27.5±7.21) ve gebelik haftalar› 11–39 hafta
(22.3±8.63) aras›nda de¤iflmekteydi. 20 yafl›ndan küçük sekiz
(%13), 20–35 yafl aras› 43 (%69) ve 35 yafl›ndan büyük 11 (%18)
gebe mevcuttu. ‹lk trimesterde 14 (%22.5), ikinci trimesterde 26
(%42) ve üçüncü trimesterde 22 (%35.5) fetüse anomali tan›s› ko-
nuldu. 
Sonuç: Çal›flmam›zda konjenital anomalili fetüs oran›n›n toplam-
da %1.54, yabanc› uyruklularda %2.89 ve TC vatandafllar›nda ise
%1.31 oldu¤u görülmüfltür. En s›k görülen anomali 7 (%0.15) ol-
gu ile akranidir ve alt›s›na ilk trimesterde tan› konulmufltur. ‹lk tri-
mesterdeki ayr›nt›l› fetal taraman›n kromozomal olmayan anoma-
lilerin tespitinde önemi büyüktür. Ancak takipsiz gebeliklerin de-
¤erlendirilmesinde ikinci ve üçüncü trimester bak›lar› da do¤ru ta-
n›da önem kazanmaktad›r. 

Anahtar sözcükler: Fetal konjenital anomali, ultrasonografi, prena-
tal tan›, anomali taramas›.
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Abstract

Objective: Our aim is to determine the incidence and distribution
of anomalies found in the pregnant women referred to the first
obstetric radiology outpatient clinic of our hospital for ultrasound
(US) examination in 2019. 
Methods: A total of 5661 obstetric US examinations were performed in
4018 pregnant women, 588 of whom were foreigners, for routine con-
trol, follow-up and screening purposes between January 1 and
December 31, 2019, and their results were analyzed retrospectively after
obtaining the approval of ethics committee. All US examinations were
conducted by a single radiologist (fiT) with Canon Aplio 500 ultrasound
device (Canon Medical Systems Corporation, Tokyo, Japan) using 3.5
Mhz convex probe. The results of the cases with anomalies were
accessed and grouped systematically, and their incidence and distribu-
tion were reviewed by comparing with the literature. 
Results: As a result of the reviewed obstetric US examinations, a total of
62 fetuses with anomalies, 17 of whom were from the foreign pregnant
women, were found to have anomalies. Of these anomalies, 29 were
craniospinal, 10 were genitourinary, 6 were cardiac, 6 were skeletal, 3
were gastrointestinal, 2 were thoracic and 6 were unclassified. The preg-
nant women were between 17 and 43 (27.5±7.21) years old and their
weeks of gestation were varying between 11 and 39 (22.3±8.63) weeks.
There were 8 (13%) pregnant women younger than 20 years old, 43
(69%) pregnant women between 20 and 35 years old, and 11 (18%)
pregnant women older than 35 years old. Anomaly diagnosis was estab-
lished during first trimester in 14 (22.5%) fetuses, 26 (42%) fetuses dur-
ing second trimester, and 22 (35.5%) fetuses during third trimester. 
Conclusion: We found in our study that the incidence of fetuses with
congenital anomaly was 1.54% in total, 2.89% in foreigners and
1.31% in Turkish citizens. The most common anomaly is acrania
with 7 (0.15%) cases, and the diagnosis was established during first
trimester in six of them. Detailed fetal screening during first trimester
is very important for the detection of non-chromosomal anomalies.
However, second- and third-trimester examinations are also impor-
tant for the accurate diagnosis in pregnancies without follow-up. 

Keywords: Fetal congenital anomaly, ultrasound, prenatal diag-
nosis, anomaly screening.
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Introduction
The role of ultrasound (US) in the daily practice is very
important to make decisions in the management of preg-
nancy and labor. The use of US in pregnancy is for
screening and diagnosis purposes. Screening and diagno-
sis are two related but different practices. The purpose in
screening is to determine the risk in terms of chromoso-
mal anomalies. Diagnostic US is done for the detection
of major structural anomalies.[1] In many countries, sec-
ond-trimester screening is done routinely in pregnancies
with low and high risks in order to evaluate fetal anato-
my. Fetal examination is also performed meticulously
regardless of the week of gestation.

In this study, obstetric US results were reviewed
which were performed by a single radiologist in the first
obstetric radiology outpatient clinic of our hospital in
2019. 

Methods
A total of 5661 obstetric US examinations were per-
formed in 4018 pregnant women, 588 of whom were
foreigners, for routine control, follow-up and screening
purposes who applied to the first obstetric radiology out-
patient clinic between January 1 and December 31,
2019. After obtaining the approval of ethics committee,
the results were analyzed retrospectively. All US exami-
nations were done by a single radiologist (fiT), who was
experienced in obstetric and gynecologic US, with
Canon Aplio 500 US device (Canon Medical Systems
Corporation, Tokyo, Japan) using 3.5 Mhz convex
probe. The US examination was performed in accor-
dance with the recommendations provided in the cur-
rent guidelines of The International Society of
Ultrasound in Obstetrics and Gynecology (ISUOG).
The week of gestation was determined according to the
last menstrual period in the pregnant women with regu-
lar menstrual cycle. In other pregnant women, the week
of gestation was determined according to the crown-
rump length measurement in the first trimester, if any,
or otherwise biparietal diameter (BPD) and/or head cir-
cumference (HC) or femur length (FL) measurement in
the second trimester. Fetal BPD, HC, abdomen circum-
ference (AC) and FL were measured for fetal biometry.
Estimated fetal weight was calculated. Fetuses were
examined systematically, and fetal movements and fetal
wellbeing were observed. In addition, placenta, cervix
and umbilical cord were evaluated in terms of other

pathologies that may be overlooked. The amount of
amniotic fluid was calculated by four-quadrant examina-
tion. In the evaluation of fetuses at the last trimester,
both uterine arteries were assessed by umbilical artery
and mid-cerebral artery Doppler examination, and fetal
growth was interpreted. The fetuses found to have
anomaly were classified according to the system that
anomaly was associated, and the results of the cases were
followed up. The incidence and distribution of anom-
alies were investigated by grouping systematically via
frequency analysis method and comparing with the liter-
ature. 

Results
As a result of evaluated obstetric US examinations, a total
of 62 fetuses with anomalies were found, 17 of whom
were from foreign pregnant women. Of these anomalies,
29 were craniospinal, 10 were genitourinary, 6 were car-
diac, 6 were skeletal, four were gastrointestinal system, 2
were thoracic and 6 were unclassified (Table 1). The
pregnant women were between 17 and 43 (27.5±7.21)
years old and their weeks of gestation were varying
between 11 and 39 (22.3±8.63) weeks. There were 8
(13%) pregnant women younger than 20 years old, 43
(69%) pregnant women between 20 and 35 years old, and
11 (18%) pregnant women older than 35 years old.
Anomaly diagnosis was established during first trimester
in 14 (22.5%) fetuses, 26 (42%) fetuses during second
trimester, and 22 (35.5%) fetuses during third trimester
(Table 2). No cardiac, genitourinary and thoracic anom-
alies were found in the first trimester. Twenty-one of the
fetuses with anomaly were aborted due to anomalies that
are not compatible with life upon the recommendation of
perinatologist and the decision of the family. For five
fetuses, the families requested to wait for labor, but they
were delivered upon intrauterine death in the gestational
follow-up. Six fetuses were delivered in the advanced
weeks of gestation, but they died depending on the
anomaly severity within the first three months. One fetus
with the diagnosis of polycystic kidney and occipital
encephalocele (Meckel-Gruber syndrome; Figs. 1a and
1b) developed premature rupture of membrane after 20
weeks of gestation and ended with abortion. The remain-
ing 29 fetuses were born and their follow-ups and treat-
ments were initiated according to their diagnoses. The
most common anomaly was acrania detected in 7 (0.15%)
cases, three of whom also had craniorachischisis (Fig. 2).
Thirteen of 21 aborted fetuses had craniospinal anom-
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alies, three had unclassified anomalies, two had thoracic
anomalies (Fig. 3), one had gastrointestinal system
anomaly, one had skeletal system anomaly and one had
cardiac anomaly. Of the fetuses who died intrauterinely
during pregnancy period, three had craniospinal anomaly,
one had cardiac anomaly, and one had unclassified anom-
alies. Of the fetuses who died during postnatal follow-up,
three had craniospinal anomaly, two had cardiac anomaly,
and one had skeletal system anomaly. Of 29 fetuses fol-
lowed up after birth, ten had craniospinal anomaly (Fig.

4), nine had genitourinary system anomaly, four had
skeletal system anomaly, two had cardiac anomaly (Fig.
5), two had gastrointestinal system anomaly (Fig. 6), and
two had unclassified anomalies (Table 3).

Discussion
While the diagnoses of fetal anomalies vary according to
the trimesters, the anomalies can be detected accurately
in the earlier weeks of gestation thanks to the technolog-

Table 1. Distribution and numbers of anomalies detected by the systems. 

System Anomaly Number

Craniospinal  Acrania 7 (3 cases together with craniorachischisis)
anomalies Iniencephaly 3 (one case together with Blake’s pouch cyst and clubfoot, 

(46.7%) one case together with clubfoot)
Chiari 2 4 (one case together with meningocele)
Chiari 3 1 (occipital encephalocele)
Frontal cephalocele 1
Meningocele + diastematomyelia + NTD in T-L region 1
CC agenesis 5 (one case together with Blake’s pouch cyst, one case together 

with Blake’s pouch cyst and bilateral renal agenesis, one case 
together with Dandy-Walker malformation)

Vein of Galen aneurysm 2
Lobar holoprosencephaly 1 (together with proboscis and polycystic kidney)
Alobar holoprosencephaly 1
Arachnoid cyst 1
Vertebral alignment disorder 2

Genitourinary system MCDB 2
anomalies (16.1%) Meckel-Gruber syndrome 1 (polycystic kidney, occipital encephalocele)

Right kidney agenesis 1
Ovarian cyst 2 (one is complicated)
Hydroureter, hydronephrosis 1
Hydronephrosis 2
Polycystic kidney 1

Heart anomalies Endocardial fibroelastosis 1
(9.6%) AVSD + pulmonary stenosis 1

Tricuspid atresia + right ventricular hypoplasia 1
Hypoplastic left heart + DV agenesis 1
Hypertrophic cardiomyopathy 1
AVSD + single atrium + ARSA + hydronephrosis 1

Skeletal system  Thanatophoric dysplasia 2
anomalies (9.6%) Achondroplasia 1

Skeletal dysplasia (micromelia) 1
Polydactyly in both hands and feet 1
Right hand finger agenesis 1

Gastrointestinal system Anal atresia 1
anomalies Omphalocele 1
(4.8%) Gastroschisis 1

Unclassified Cystic hygroma 4
anomalies Acardiac twin 1
(9.6%) Fetal hydrops, cardiomegaly 1

Thoracic anomaly Congenital upper airway obstruction 1
(3.2%) Congenital diaphragmatic hernia 1

ARSA: aberrant right subclavian artery; AVSD: atrioventricular septal defect; CC: corpus callosum; DV: ductus venosus; MCDB: multicystic dysplastic kidney; NTD: neu-
ral tube defect; T-L: thoracolumbar.



ical developments in the US devices nowadays.
Syngelaki et al.[2] classified fetal anomalies in three
groups according to the first trimester which are always
detectable, potentially detectable and undetectable
anomalies. According to this classification, body-stalk
anomaly, anencephaly-acrania, alobar holoprosen-

cephaly, omphalocele, gastroschisis and megacystis
anomalies are always detectable. Microcephaly and cor-
pus callosum agenesis are the anomalies that cannot be
detected in the first trimester but can be diagnosed in the
second trimester. Echogenic lung masses, duodenal and
intestinal atresias, fetal tumors and obstructive patholo-
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Table 2. Distribution and numbers of anomalies by the trimesters. 

Trimester Anomaly Number

First trimester: Acrania 6
14 Anomalies (22.5%) Cystic hygroma 2

Meningocele + diastematomyelia + (NTD) in T-L region 1
Iniencephaly 1
Acardiac twin 1
Gastroschisis 1
Omphalocele 1
Thanatophoric dysplasia 1

Second trimester: CC agenesis 3
26 Anomalies (42%) MCDB 1

Cystic hygroma 2
Frontal cephalocele 1
Endocardial fibroelastosis 1
Right kidney agenesis 1
Chiari 3 1
Chiari 2 3
Diaphragmatic hernia 1
Hypoplastic left heart 1
Right ventricular hypoplasia, tricuspid atresia 1
Thanatophoric dysplasia 1
Vertebral alignment disorder 1
AVSD, pulmonary stenosis 1
Meckel-Gruber syndrome 1
Acrania 1
Upper airway obstruction 1
Anencephaly 2
Polydactyly in both hands and feet 1
Right hand finger agenesis 1

Third trimester: Ovarian cyst 2
22 Anomalies (35.5%) CC agenesis 2

Vein of Galen aneurysm 2
Hydronephrosis 2
Arachnoid cyst 1
Alobar holoprosencephaly 1
Late-onset achondroplasia 1
Anal atresia 1
Chiari 2 1
Fetal hydrops 1
Skeletal dysplasia (micromelia) 1
Lobar holoprosencephaly 1
Vertebral alignment disorder 1
Hydroureter, hydronephrosis 1
Hypertrophic cardiomyopathy 1
Polycystic kidney 1
MCDB 1
AVSD + single atrium + ARSA + hydronephrosis 1

ARSA: aberrant right subclavian artery; AVSD: atrioventricular septal defect; CC: corpus callosum; DV: ductus venosus; MCDB: multicystic dysplastic kidney; NTD: neu-
ral tube defect; T-L: thoracolumbar.
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gies that may cause hydronephrosis can be diagnosed in
the second and third trimesters while ovarian cysts can
be detected usually in the third trimester.[2] Posterior
fossa anomalies, cleft palate and lip, spina bifida, cardiac
and renal anomalies and diaphragmatic hernia can be
overlooked in the first trimester. Extremity reduction
anomalies can be detected usually in the first trimester.
In our study, there were one case with omphalocele
anomaly and one case with gastroschisis (Fig. 6) which
were detected in the first trimester, one fetus with acra-
nia was diagnosed in the second trimester, and one fetus
with alobar holoprosencephaly was detected in the third
trimester. Also, three of five fetuses with corpus callosum
agenesis were diagnosed in the third trimester (Fig. 4),

Fig. 1. (a) 20 weeks of gestation; large hyperechogenic kidney and anhydramnios are present. (b) Occipital encephalocele view of the same
fetus; Meckel-Gruber syndrome.

a b

Fig. 2. Acrania case in a pregnancy at 12 weeks of gestation.

Fig. 3. 17 weeks of gestation; wide hyperechogenic lungs, dia-
phragm is reversed, and the heart is compressed in the
middle, upper airway obstruction, laryngeal atresia case.

Fig. 4. 26 weeks of gestation; ventriculomegaly and colpocephaly
view, corpus callosum agenesis.



and one case with finger agenesis was diagnosed in the
second trimester. The rate of diagnosing anomalies in
the first trimester was 22.5% in our study compared to
all anomalies. This rate being lower than second and
third trimesters is associated with the fact that pregnan-
cies were not followed up and necessary routine screen-
ings were not carried out on time. Detailed fetal screen-
ing in the first trimester is very important for the detec-
tion of non-chromosomal anomalies.

Fetal central nervous system (CNS) anomalies is
seen with a rate of 0.1–0.2% in live births, and 3–6% in
stillbirths, and they are severe pathologies presenting
with high morbidity.[3] In their study, Tutus et al.[4] found
that the rate of CNS anomaly during intrauterine peri-
od was 0.28%. CNS anomalies are the second most
common congenital anomalies after cardiac anomalies.
Therefore, examining neurological system is a very crit-
ical part of routine fetal anomaly screening. It was
reported that CNS anomalies are responsible for 75% of
fetal deaths, and 40% of childhood deaths.[5] In our
study, we included CNS and spinal anomalies in the
same group, and they constituted 46% of current detect-
ed anomalies and 0.72% of all pregnancies. There are
three isolated spinal anomalies, and when they are
excluded, CNS anomaly rate drops to 0.64%. The most
common anomaly in total is acrania with seven (0.15%)
cases, and six of them received diagnosis in the first
trimester. Onkar et al.[6] reported in their study that
anencephaly was the most common fetal CNS anomaly.

Congenital urinary system anomalies include mor-
phological and functional malformations in the various
levels of kidney, ureter, bladder and urethra. The rate of
these anomalies vary between 0.3 and 1.6 per 1000
labors.[7] They constitute 15–20% of all anomalies in the
prenatal period.[8] The rate of urinary system malforma-
tions detected prenatally increases as the week of gesta-
tion advances. In our study, we found three anomalies in
the second trimester and seven anomalies in the third
trimester together with ovarian cysts (Table 2).

Congenital heart anomalies are seen in 8 of 1000 live
births and they are the most common anomaly group.
About half of these cases are severe anomalies and most
of them require surgical procedure.[9] Some malforma-
tions cannot be detected before birth due to the physio-
logical characteristics of fetal circulation between heart
and major arteries; therefore, the diagnosis can be estab-
lished just after the birth. The rate of detecting cardiac
anomalies during prenatal screening varies between 5%

and 85%.[10] In our study, we detected cardiac anomaly
only in six of 62 fetuses with anomalies, which is equal to
9.6% of all detected anomalies. The rate is 0.14%
among all pregnant women who underwent US. We
detected no cardiac anomaly in the first trimester while
we established the diagnosis of cardiac anomaly in four
cases in the second trimester and in two cases in the
third trimester. We managed to diagnose one case with
hypertrophic cardiomyopathy in the third trimester
when the appearance became apparent in the second
sonographic examination (Fig. 5). We associated the
low rate of cardiac anomaly in our study with the fact
that each pregnant woman who underwent US could
not be checked within the appropriate week for cardiac
anomaly detection and that some anomalies became
detectable after the birth.
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Fig. 5. 28 weeks of gestation; cardiomyopathy is seen.

Fig. 6. 13 weeks of gestation; gastroschisis anomaly is seen.



Skeletal system anomalies are seen in about 1/5000
cases.[11] It is difficult to diagnose both in prenatal and
postnatal periods. Furthermore, obstetric management

may be insufficient as the most of the detectable skeletal
dysplasias in fetuses are fatal. The point to remember
here is that it is important to know in which week of ges-
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Table 3. Clinical follow-up of the detected anomalies. 

Cases Systems Number and diagnosis

Aborted cases  1- Craniospinal anomaly (13 fetuses) 7 Acrania
(21 fetuses) 3 Chiari 2

1 Chiari 3
1 Iniencephaly
1 CC agenesis (together with Blake’s pouch cyst and bilateral renal agenesis)

2- Unclassified anomalies (3 fetuses) 3 Cystic hygroma

3- Thoracic anomaly (2 fetuses) 1 Congenital diaphragmatic hernia

4- Gastrointestinal system (1 fetus) 1 Congenital upper airway obstruction

5- Skeletal system (1 fetus) 1 Omphalocele

6- Cardiac anomaly (1 fetus) 1 Thanatophoric dysplasia
1 Tricuspid atresia + right ventricular hypoplasia

Cases died intrauterinely 1- Craniospinal anomaly (3 fetuses) 1 Frontal cephalocele
during gestational 1 Arachnoid cyst
follow-up (5 fetuses) 1 Iniencephaly

2- Cardiac anomaly (1 fetus) 1 AVSD + pulmonary stenosis

3- Unclassified anomaly (1 fetus) 1 Cystic hygroma

Cases died 1- Craniospinal anomaly (3 fetuses) 1 Alobar holoprosencephaly + proboscis + polycystic kidney)
after birth 1 Vertebral alignment disorder
(6 fetuses) 1 Iniencephaly + Blake’s pouch cyst + clubfoot

2- Cardiac anomaly (2 fetuses) 1 Endocardial fibroelastosis
1 Hypoplastic left heart + DV agenesis

3- Skeletal system (1 fetus) 1 Thanatophoric dysplasia

Preterm labor due to 1- Genitourinary system (1 fetus) 1 Meckel-Gruber syndrome
PPROM (1 fetus)

Cases followed up 1- Craniospinal anomaly (10 fetuses) 2 CC agenesis
after birth (29 fetuses) 1 CC agenesis + Blake’s pouch cyst

1 CC agenesis + Dandy-Walker anomaly
1 Chiari 2
1 Lobar holoprosencephaly
2 Vein of Galen aneurysm
1 Scoliosis
1 Meningocele + NTD + diastematomyelia in T-L region

2- Genitourinary system anomaly (9 fetuses) 2 MCDB
2 Ovarian cyst
2 Hydronephrosis
1 Hydroureter + hydronephrosis
1 Right kidney agenesis
1 Polycystic kidney

3- Skeletal system (4 fetuses) 1 Micromelia
1 Late-onset achondroplasia
1 Right hand finger agenesis
1 Polydactyly

4- Cardiac anomaly (2 fetuses) 1 AVSD + single atrium + ARSA + hydronephrosis
1 Hypertrophic cardiomyopathy

5- Gastrointestinal system (2 fetuses) 1 Gastroschisis
1 Anal atresia

6- Unclassified anomaly (2 fetuses) 1 Acardiac twin
1 Fetal hydrops

ARSA: aberrant right subclavian artery; AVSD: atrioventricular septal defect; CC: corpus callosum; DV: ductus venosus; MCDB: multicystic dysplastic kidney; NTD: neu-
ral tube defect; PPROM: preterm premature rupture of membranes; T-L: thoracolumbar.



tation the skeletal system anomaly would appear
depending on its type, to know its development and the
bones it would affect.[12] While extremity reduction
anomalies can be detected in the first trimester, the
developmental anomalies such as achondroplasia can be
detected after second trimester when they become
detectable. The rate of skeletal system anomaly was
0.14% in our study.

In the comprehensive Eurofetus study assessing rou-
tine obstetric US performance, the sensitivity of US was
reported 54% for gastrointestinal system while it was
89% for urinary system.[13] The points to consider in the
routine assessment of gastrointestinal system are the
presence, size and position of stomach, insertion of
umbilical cord into abdomen and the number of vessels
in cord.[14] In our study, there were three cases with gas-
trointestinal system anomaly, the rate of which was
0.07% in the total study population.

Airways and lungs being full of fluid in the intrauter-
ine period makes fetal thorax and lungs appropriate
anatomical structures for both US and magnetic reso-
nance imaging.[15] US examination of thorax can be done
easily up to 25–26 weeks of gestation. However, a signif-
icant number of thoracic anomalies appear in the further
weeks of gestation. Therefore, it should be paid atten-
tion to thoracic anomalies when examining in the third
trimester. In our study, there were two cases with thora-
cal anomaly, one of which was upper airway obstruction
(Fig. 3) while the other one was diaphragmatic hernia,
and we detected both of them in the second trimester.
Total thoracic anomaly rate was 0.04% in the study
population.

There were a total of six cases with unclassified
anomalies. Four of them were diagnosed with cystic
hygroma, and three of them were aborted while fourth
one died intrauterinely. Other cases with fetal hydrops
and acardiac twin ended with birth.

In our study, the rates of fetuses with congenital
anomaly was 1.54% in total, while it was 2.89% in for-
eigners and 1.31% in Turkish citizens. The rate of con-
genital anomaly was between 0.29% and 2.79% in var-
ious studies conducted in Turkey, and our results are
consistent with these values.[16,17] Syngelaki et al.[18]

reviewed sonographic examinations of 100,997 preg-
nant women and found the incidence of fetal anomaly
1.7%. When they evaluated by the trimesters, they
detected anomalies with a rate of 27.6% in the first

trimester, 53.8% in the second trimester, and 18.6% in
the third trimester and postnatal period. The anomaly
detection rate in the third trimester was 35.5% in our
study. We associated this high rate with the fact that the
pregnant women were not followed up and admitted to
the hospital at a time close to delivery. Ficara et al.[19]

found that the rate of anomalies detected first, includ-
ing ovarian cyst, microcephaly, achondroplasia, dacry-
ocystocele and hematocolpos, was 0.5% when they
reviewed the sonographic examination between 35 and
37 weeks of gestation for 52.400 pregnant women who
underwent screenings at 18–24 weeks of gestation
including sonographic examinations at 11–13 weeks of
gestation for the majority. The authors found that most
detected anomalies at postnatal period were isolated
cleft palate and lip, polydactyly and syndactyly, ambigu-
ous genitalia and hypospadias with an incidence of
0.1%.

Conclusion
Fetal screening is conducted with the same accurate-
ness in all weeks now, and the time spared for screen-
ing, the quality of device used, and the expert of the
specialist affect the detection level of anomalies. As the
anomalies are diagnosed at an earlier week, safer termi-
nation options are offered in the presence of fatal or
severe anomalies, and the early diagnosis also enables
to treat some fetal diseases. US examination at 11–13
weeks of gestation is used widely for the assessment of
gestational age, the diagnosis of multiple pregnancy
and chorionicity, fetal aneuploidy screening and the
determination of non-chromosomal anomalies, and
even for the preeclampsia screening in the high risk
pregnancies. However, second- and third-trimester
examinations are also important for the accurate diag-
nosis when evaluating non-followed up pregnancies.
The rate of diagnosing anomalies in the third trimester
in our study being higher than those reported in the
literature also highlights this matter.
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İDİD

Özet: ‹kinci trimester amniyosentez olgular›n›n
de¤erlendirilmesi: Tersiyer bir merkezin 10 y›ll›k
deneyimi
Amaç: Klini¤imizde amniyosentez uygulanan olgular›n retrospektif
analizini yapmak ve bu konudaki deneyimimizi paylaflarak literatüre
katk› sunmakt›r.

Yöntem: Çal›flmam›za ikinci trimesterde amniyosentez uygulanan
632 olgu dahil edildi. Olgular›n demografik özellikleri, gebelik
haftalar›, amniyosentez endikasyonlar›, iflleme ba¤l› komplikas-
yonlar›, kültür baflar›s›, sitogenetik sonuçlar›, kromozom anomali-
si saptanan olgular›n sonuçlar› ve endikasyonlar› de¤erlendirildi.
Kromozom anomalisi, komplikasyonlar›, kültür baflar›s›zl›¤› oran-
lar› ve en s›k amniyosentez endikasyonlar› belirtildi. Kromozom
anomalisi olan olgular›n sonuçlar› say›sal ve yap›sal anomali olarak
belirtildi.

Bulgular: Çal›flmam›za dahil edilen tüm olgular›n yafl ortalamalar›
33.7±6.8 y›l, gebelik haftalar› 17.5±1.0 hafta olarak tespit edildi. Am-
niyosentez sonucu kromozom anomalisi tespit edilen olgu oran›
%22.4, kültür baflar›s›zl›¤› oran› %2.1 ve komplikasyon oran› %0.5
bulundu. En s›k amniyosentez endikasyonlar› ve kromozom anoma-
lisi tespit edilen olgularda amniyosentez endikasyonlar› ayn› olup
bunlar s›ras›yla; kombine testin yüksek riskli olmas›, üçlü tarama tes-
tinin yüksek riskli olmas› ve ultrasonografide (USG) anomali olma-
s›d›r. Kromozom anomalisi tespit etme oran› birden fazla endikas-
yonun birlikte görülüp amniyosentez uygulanan olgularda daha
yüksek bulundu.

Sonuç: Prenatal tan› için USG ve serum tarama testleri yayg›n
olarak kullan›lmakla birlikte yüksek riskli hastalara kesin tan› için
amniyosentez gibi invazif testlere ihtiyaç vard›r. Tarama testlerin-
de birden fazla kromozom anomalisi riski tafl›yan olgularda, pre-
natal tan› için amniyosentezin daha önemli oldu¤u sonucuna va-
r›ld›. 

Anahtar sözcükler: Amniyosentez, kromozom anomalisi, serum ta-
rama testleri, ultrasonografi.
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Abstract

Objective: The aim is to contribute to the literature by carrying
out retrospective analysis of the cases who underwent amniocente-
sis in our clinic and sharing our relevant experience. 

Methods: A total of 632 cases who underwent amniocentesis in the
second trimester were included in our study. The cases’ demograph-
ic characteristics, weeks of gestation, amniocentesis indications, pro-
cedure-related complications, culture success, cytogenetic results,
and the results and indications of the cases found to have chromoso-
mal anomalies were evaluated. Chromosomal anomalies, their com-
plications, culture failure rates and most common amniocentesis indi-
cations were reported. The results of the cases with chromosomal
anomalies were presented as numerical and structural anomalies. 

Results: The mean age of all cases included in our study was 33.7±6.8
years, and their mean weeks of gestation were 17.5±1.0 weeks. The
rate of the cases found to have chromosomal anomaly by amniocen-
tesis was 22.4%, the culture failure rate was 2.1%, and complication
rate was 0.5%. The most common amniocentesis indications and the
amniocentesis indications in cases found to have chromosomal anom-
aly were the same, and they were as following respectively: combined
test being high risk, triple screening test being high risk and presence
of anomaly in the ultrasonography (USG). The rate of detecting
chromosomal anomaly was higher in the cases who had multiple indi-
cations and underwent amniocentesis. 

Conclusion: Although USG and serum screening tests are used com-
monly for prenatal diagnosis, invasive tests such as amniocentesis are
needed for the final diagnosis in patients with high risk. We conclud-
ed that amniocentesis is more important for prenatal diagnosis in
cases who are under risk of having multiple chromosomal anomalies
in the screening tests. 

Keywords: Amniocentesis, chromosomal anomaly, serum screening
tests, ultrasonography.
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Introduction
About 3% of live births are affected by a major struc-
tural malformation.[1] With the developments in prena-
tal ultrasonography (USG), most of these anomalies
can be detected in the prenatal period today. The eti-
ology is various and includes environmental factors,
genetic factors or a combination of both. The presence
of a fetal structural anomaly increases the possibility of
a chromosomal anomaly or genetic molecular defect,
and it should enable to make more assessments for
genetic etiologies. The incidence of a chromosomal
anomaly depends on the specific anomaly, number of
anomalies and the combinations of detected anom-
alies.[2] The incidence of fetal chromosomal anomalies
was reported 2–18% in isolated fetal anomalies and
13–35% in multiple fetal anomalies.[2,3]

The measurement of increased nuchal thickness in
the first trimester, lack of nasal bone or lack of ductus
venosus wave form or the presence of reverse flow in
USG increases the risk of aneuploidy. In addition to
the major structural anomalies related with chromoso-
mal anomalies, the cardiac anomalies, neuroanatomical
anomalies and other major structural anomalies which
increase the possibility of a genetic condition as well as
usually having a functional importance can be detected
in USG.[4,5] However, final karyotype analysis diagnosis
can only be established through fetal cells.[6]

Depending on the week of gestation during diagno-
sis, chorionic villus sampling (CVS) or amniocentesis
may be recommended in order to obtain a fetal sample
for genetic test. Amniocentesis is performed optimally
after 15 weeks of gestation. When it is carried out in an
experienced center, the rate of gestational loss related
with the procedure varies between 1/300 and 1/1000
for amniocentesis and CVS.[7]

The indications of amniocentesis may change.
Amniocentesis may be recommended for those with
advanced maternal age (>35 years), family history of
genetic disease, women with the history of baby with
anomaly, USG results showing fetal abnormalities,
positive result in screening test for syndromic babies
and positive results in free DNA (cfDNA) test, which
is non-invasive prenatal test (NIPT) as the risk of fetal
aneuploidy is increased.[8]

Preimplantation genetic test (PGT) may allow earli-
er detection of chromosomal anomalies. This procedure
enables to identify anomaly before embryonic transfer,

therefore only the unaffected embryos are transferred. In
pregnancies conceived by in vitro fertilization (IVF) /
PGT, confirmation test by CVS or amniocentesis may
be recommended considering the false negativity of flu-
orescent in situ hybridization (FISH).[9,10]

Amniocentesis-related complications are more
common in the early weeks of gestation, and the loss of
pregnancy associated with this procedure is about
1/900.[7]

The aim of our study is to assess the indications and
results of the cases who underwent amniocentesis in
our clinic and to determine the indications to apply
amniocentesis in cases found to have chromosomal
anomaly. 

Methods
A total of 632 cases who underwent amniocentesis
between 2010 and 2020 in the Gynecology and
Obstetrics Clinic of the Faculty of Medicine at Dicle
University were included in this retrospectively
designed study. The approval of the local ethics com-
mittee of our university hospital was obtained for our
study (Date/number of Ethics Committee Approval:
03.09.2020/no:292).

The cases who underwent amniocentesis in the sec-
ond trimester for prenatal genetic diagnosis in or clin-
ic were included in the study. The cases who under-
went amniocentesis in the third trimester and for the
purposes other than prenatal diagnosis as well as the
cases who underwent CVS and cordocentesis were
excluded from the study. Cases’ demographic charac-
teristics, weeks of gestation that the procedure was per-
formed, amniocentesis indications, cytogenetic results,
procedure-related complications, culture success of
amniocentesis material, and results and indications of
the cases found to have chromosomal anomaly were
noted. The data were obtained by reviewing hospital
database system archive and patient files.

Combined test, triple and quadruplet screening test
being high risky, advanced maternal age (35 years and
above), anomaly in USG, history of labor with anom-
aly, maternal anxiety and the indications where a com-
bination of them are seen were considered amniocen-
tesis indications. Estimation values were determined
1/250 for combined test, and 1/270 for triple and
quadruplet tests.[11]
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The expression “anomaly in USG” was used for the
patients who were found to have minor sonographic
marker (soft marker) or major structural anomaly in
USG.

The cases who were diagnosed with the indication
routinely in our clinic and recommended to undergo
amniocentesis were informed about the procedure in
detail and their informed consents were obtained. USG
was performed for detailed anatomic examination before
the procedure, and abnormal USG results were recorded.
The amniocentesis procedure was performed by the spe-
cialists with sufficient experience in the field in our clinic
in company with USG between 16 and 22 weeks of ges-
tation. Fetal heart rate, fetus position, fetal biometry and
placenta location were checked and noted before the pro-
cedure. The abdomen was cleaned with antiseptic povi-
done-iodine, the USG probe was covered with a sterile
wrap and it was performed by keeping non-sterile gel
within the wrap. In all procedures, 9-15-20 cm 20–22
gauge spinal needles were used. The needle was moved
transabdominally in company with USG. When the
region, where amniotic fluid sac was located, was entered,
about 2 ml was disposed as it might include maternal cells
during the passage through maternal abdominal and
uterine walls. Afterwards, amniotic fluid was collected by
sterile injector without piston as including 1 ml for each
week of gestation. 20 ml fluid was collected for pregnan-
cies over 200 weeks of gestation. Fetal heart rate was
assessed and noted by USG after the procedure. The pro-
cedures followed after amniocentesis in our clinic are as
follow: pregnant woman was informed about continuous
fluid discharge, vaginal bleeding and uterine contraction,
and recommended to apply a health center immediately
in case that these conditions develop. Physical and sexual
activity restriction was not recommended after the proce-
dure. The blood types of the pregnant women were
checked. The pregnant women with Rh incompatibility
and whose indirect Coombs test results were negative

were applied 300 microgram anti-Rh IgG. Local anes-
thetic agent was not used during the procedure.
Prophylactic antibiotics were not administered to the
pregnant women after the procedure, and each pregnant
woman was rested after the procedure. All pregnant
women were asked to come for control one week after the
procedure. Genetic consultancy was provided for each
case who was found to have chromosomal anomaly as a
result of the amniocentesis, and gestational follow-up and
gestational termination options were explained. The
complications which developed within a month after the
procedure were noted.

The collected amniotic fluids were sent to the
Department of Medical Biology and Genetics for chro-
mosome analysis. Chromosomal anomalies (numerical
or structural) in all cases were analyzed by using image
analysis system in terms of aneuploidy, polyploidy,
mosaicism, deletion, duplication, inversion, balanced
translocation, unbalanced translocation, ring chromo-
somes and marker chromosomes.[12]

In our study, the amniocentesis results were reported
as normal, chromosomal anomaly or failed culture. The
cases with chromosomal anomaly were reported as
numerical and structural anomalies. SPSS 21 statistics
software (IBM Inc., Armonk, NY, USA) was used for
statistical analysis. The data were presented as mean,
standard deviation, number and percentage.

Results
A total of 632 cases, who underwent amniocentesis in
our clinic during the study period, were found. The
mean age of all cases who underwent amniocentesis
was 33.7±6.8 years, and it was 34.2±6.9 for the cases
who were found to have chromosomal anomaly as a
result of the amniocentesis procedure. Demographic
and clinical data are presented in Table 1.
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Table 1. Assessment of demographic and clinical data. 

The data of patients who  The data of patients who were found  
underwent amniocentesis (n=632) to have chromosomal anomaly (n=142)

Mean±SD (Min–max) Mean±SD (Min–max)

Age (year) 33.7±6.8 (16–52) 34.2±6.9 (17–49)

Gravida 4.5±2.6 (1–15) 4.8±2.7 (1–12)

Parity 2.9±2.3 (0–11) 3.2±2.5 (0–10)

Week of gestation 17.5±1.0 (16–22) 17.5±1.0 (16–22)



It was found that amniocentesis indications in all
cases were high risk combined test (n=240, 38%), high
risk triple screening test (n=215, 34%) and anomaly in
USG (n=81, 12.8%). The numbers of cases found to
have chromosomal anomaly were n=49 (34.5%), n=43
(30.3%) and n=23 (16.2%), respectively by the same
indications. The rate of detecting chromosomal anom-
aly in cases who underwent amniocentesis due to high
risk of anomaly in USG and triple screening test was
67% while it was 40% in cases with the history of labor
with anomaly. Chromosomal anomaly was not found
in the results of 10 (1.6%) cases who underwent
amniocentesis due to maternal anxiety (Table 2).

When we reviewed the genetic results of the cases
who underwent amniocentesis, we found that chromo-

somal anomaly rate was 22.4% (n=142), complication
rate was 0.5% (n=3), and the rate of culture failure was
2.1% (n=13) (Table 3). In our study, the results of
chromosomal anomaly were presented separately as
numerical and structural anomalies (Table 4). Of the
cases who were found to have chromosomal anomaly,
one (0.7%) had both structural and numerical anom-
alies, 43 (30.2%) had numerical anomaly, and 98 (69%)
had structural anomaly. It was found that 46,= =,9qh+
anomaly (29.5%) was the most common anomaly in
the structural anomalies, and 47,= =,+21 anomaly
(Down syndrome) (17.6%) was the most common in
the numerical anomalies. 46,= =,9qh+ anomaly repre-
sents the increase in the heterochromatin region of q
arm (long arm) of 9th chromosome. Polymorphism
does not cause anomaly as phenotype in affected indi-
viduals, and it is an anomaly compatible with life.

Discussion
Amniocentesis is an invasive test used for prenatal genet-
ic diagnosis although it has complication risk.
Amniocentesis is important for final diagnosis although
USG and serum screening tests are used commonly.
However, as we cannot perform amniocentesis which is
an invasive procedure in all pregnant women, we need to
know which amniocentesis indications we should attach
importance more.
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Table 2. Assessment of amniocentesis indications. 

The patients who were The rate of detecting 
Amniocentesis  found to have chromosomal chromosomal   

(n=632) anomaly (n=142) anomaly

n Percentage (%) n Percentage (%) Percentage (%)

Combined test being high risk 240 38 49 34.5 20.4

Triple screening test being high risk 215 34 43 30.3 20

Anomaly in USG 81 12.8 23 16.2 28.3

Advanced maternal age 57 9 15 10.6 26.3

History of labor with anomaly 15 2.4 6 4.2 40

Quadruplet screening test being high risk 4 0.6 1 0.7 25

Maternal anxiety 10 1.6 0 0 0

Advanced maternal age + anomaly in USG 2 0.3 1 0.7 50

Advanced maternal age + triple screening  
test being high risk

5 0.8 2 1.4 40

Anomaly in USG + triple screening test  
being high risk

3 0.5 2 1.4 67

Table 3. Assessment of clinical data.

n Percentage (%)

Chromosomal result Normal 477 75.5

Abnormal 142 22.4 

Failed culture result 13 2.1

Culture result Successful 619 97.9

Failed 13 2.1

Singleton / Singleton 628 99.4

multiple pregnancy Multiple 4 0.6

Complication Available 3 0.5

Not available 629 99.5



In a study including 12,365 cases who underwent
amniocentesis for prenatal diagnosis, the most common
indications to apply amniocentesis were reported as
maternal serum screening test being abnormal (40.1%),
advanced maternal age (34.5%), and anomaly in USG
(8.1%), respectively. The most frequent indication
which detected the cases with chromosomal anomaly
was the presence of chromosomal anomaly in one of the
parents (57.4%), which was followed by the detection of
anomaly in USG (8.5%).[13] An et al. performed amnio-
centesis on 2500 cases in the second trimester, and they
reported the most common three indications in these
cases as maternal serum screening test being positive
(69.5%), advanced maternal age (15%), and the combi-
nation of maternal serum screening test positivity and
advanced maternal age (8.9%). When the authors evalu-

ated the indications in terms of detecting chromosomal
anomaly, they found that they could detect chromoso-
mal anomalies more frequently by the combination of
maternal serum screening positivity and advanced
maternal age (14.3%) as separate and individual indica-
tions compared to the cases who underwent amniocen-
tesis.[14] When we evaluated the indications of all cases
who underwent amniocentesis in our study, we found
that the combined test being high risk, the triple screen-
ing test being high risk, and the presence of anomaly in
USG were the most common three indications.
However, when we assessed the indications to apply
amniocentesis in patients who were detected to have
chromosomal anomaly, we found that the rate of detect-
ing chromosomal anomaly was most frequent in the
cases who underwent amniocentesis due to multiple
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Table 4. Assessment of detected chromosomal anomalies.

Structural anomalies Numerical anomalies  Structural and numerical anomalies

46,= =,21ps+ 47,= =,+18  (Edward’s syndrome) 47,= =,22ps+,+18

46,= =,9qh+ Complex aneuploidy

46,= =, 9qh+, 15ps+ 47 XYY

46,= =, 1qh+ 47,= = ,+13 (Patau’s syndrome)

46, = =,13ps+,15ps+ 47,XXY (Klinefelter syndrome)

mos 46,= =,t(1;3)[4]/46,==[22] 47,= =,+21 (Down syndrome) 

46, = =,inv(9)(p13;q13) 47,XXX (Triple X syndrome)

46, = =,22ps+ 46,XX (2)/47,XX,+mar(23) 

46, = =,inv (9) (q11q13) 45,X (Turner syndrome)

Fragil-X syndrome

46 = =,1qh+,9qh+

46,= =,9qh+,14ps+,15ps+,22ps+ 

46,= =,16qh+

46,= =,13 ps+,22ps+

46,= =, 14 ps+

46,= =, 14 ps+,15ps+ 

46,X,inv(Y) 

46, = =, 13-14 ps+

46, = =,inv(9) 

46, = =,22ps+ 

46, = = ,15ps+

46, = =,inv(9)(p12;q13) 

46,= =,1qh+,inv (9) (p13;q13)

inv: inversion; mos: mosaic; p: short arm of chromosome; ps+: satellite increase on p arm (short arm) of chromosome; q: long arm of chromosome; qh+: increase
in heterochromatin region of q arm (long arm) of chromosome.



indications. Apart from these, the anomaly was found
with a rate of 40% in cases who underwent amniocente-
sis due to the indication of history of labor with anomaly
as a single indication. These indications are followed by
the presence of anomaly in USG (28.3%), advanced
maternal age (26.3%), combined test being high risk
(20.4%) and triple screening test being high risk (20%).
No anomaly was found in any case who underwent the
procedure due to maternal anxiety. Similar to the study
of An et al.,[14] we found the incidence of chromosomal
anomaly proportionately higher in the cases who under-
went amniocentesis due to the indication where multiple
indications were together in our study. 

Our most frequent indication to apply amniocentesis
was the screening tests being high risk similar to those
studies. We associate the reason with the prevalent use
of screening tests. Unlike these studies, we found in our
study that the rate of amniocentesis performed due to
the indication of advanced maternal age was 9%. We
believe that the reason is associated with the fact that the
pregnant women did not accept amniocentesis proce-
dure, which is an invasive test, just for the indication of
advanced age in our study population.

In the study of An et al., the authors reported the rate
of chromosomal anomaly 8.4%. Of them, 33% were
numerical anomaly and 19.9% were structural anom-
aly.[14] Tao et al. found chromosomal anomaly in 2.88%
of 4761 cases who underwent amniocentesis in the sec-
ond trimester, where 89.1% of them were numerical and
10.9% of them were structural anomalies. Trisomy 21
(59%) was the most frequent result among the numeri-
cal anomalies. In the same study, the rate of culture fail-
ure was reported 1.7%.[15] Balc› et al. reported the rate of
culture failure 2.1% and chromosomal anomaly 4.6% in
the cases who underwent amniocentesis in the second
trimester. The same study reported fetal loss with a rate
of 0.48% as a complication.[16] In our study, we found the
rate of chromosomal anomaly 22.4%, complication rate
0.5%, and the rate of culture failure 2.1%. Of the cases
with chromosomal anomaly, 30.2% were numerical
anomaly and 69% were structural anomaly. The most
common anomaly among the numerical anomalies was
trisomy 21. We found different rates when we reviewed
the studies in the literature carried out led by these stud-
ies. We think that the reason varies according to the
indication to apply amniocentesis, the technique used for
amniocentesis and the laboratory that process the mate-
rial. In addition, we believe that we obtained high rates

of chromosomal anomaly in our study than other studies
because our center is a referral university hospital.

Some studies reported fetal loss rate after amniocen-
tesis in multiple pregnancies between 2.7% and
3.2%.[17,18] In our study, 4 cases (0.6%) who underwent
amniocentesis had multiple pregnancy. We did not find
chromosomal anomaly in three of them, but found cul-
ture failure in one case. We could not detect any compli-
cation. All complications with a rate of 0.5% in our study
were in singleton pregnancies.

NIPT or free DNA test is the most sensitive and spe-
cific screening test for the most common fetal aneuploi-
dies. Yet, it has the potential to provide false positive or
false negative result. Moreover, free DNA test is not
equivalent for diagnostic tests.[19] When we reviewed the
study which was conducted on 31,515 women with sin-
gleton pregnancy who underwent NIPT, we found that
the patients with positive results for sex chromosomal
aneuploidy or trisomy as a result of NIPT underwent
amniocentesis or cordocentesis between 18 and 23 weeks
of gestation, and the sensitivity and specificity of NIPT
were analyzed. The authors concluded that many unnec-
essary invasive prenatal diagnosis cases could be avoided
upon the integration of NIPT to current clinical prac-
tices, intrauterine infection, miscarriage and preterm
labor risks could be decreased, but cost-effectiveness of
prenatal screening and diagnosis would increase signifi-
cantly.[20] Another study included 6239 pregnant women
who underwent NIPT in the first and second trimesters.
Amniocentesis was performed for patients with high risk
for fetal chromosomal deletion, duplication and sex chro-
mosomal anomaly as a result of NIPT. In the conclusion
part, the authors reported that NIPT has a good applica-
tion value to predict fetal chromosomal deletion, duplica-
tion and sex chromosomal anomalies and it could increase
the detection rate of fetal chromosomal anomalies.[21]

In our study, we could not find free DNA test, which
has the highest rate to detect aneuploidy among the
screening tests in recent years, among our amniocentesis
indications. We believe that it is because the socio-eco-
nomic levels of the patients referred to our center are
low, NIPT is expensive in Turkey and the payments are
not covered by social security system.

Mosaic embryos which are characterized by the pres-
ence of a combination of diploid and aneuploid cell lines
and locate completely between euploid and abnormal
embryos are not used for transfer usually, because they
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are considered abnormal.[22] However, sometimes, nor-
mal embryo cannot be found to transfer. Hong et al. ret-
rospectively reviewed the clinical gestational outcomes
and amniocentesis results of mosaic embryos transferred
during 28 PGT cycles, and they concluded that the
underlying risk should be informed exactly if mosaic
embryo would be transferred when there is no normal
embryo to transfer in PGT cycles.[23] In our study, there
is no case who underwent amniocentesis due to this indi-
cation depending on the low numbers of cases who con-
ceived pregnancy by IVF/PGT and the requests of ges-
tational termination.

As the limitation of our study, we could not find the
cases who underwent transplacental amniocentesis or
did not have clear amniotic fluid as we accessed the data
through patient files and hospital archive. Therefore, we
do not know how this affects the rates of complication
and culture failure. As the strength of our study, we
believe that including the data of a single hospital and
also conducting amniocentesis procedure by an experi-
enced them increase the reliability of the results.

Conclusion
Amniocentesis is an invasive procedure which should
be performed and rarely has complications when it is
conducted by experienced specialists. Although USG
and serum screening tests are used commonly in pre-
natal diagnosis, invasive diagnostic tests should not be
neglected if there is an indication. The presence of
multiple amniocentesis indications increases the risk of
chromosomal anomaly, and therefore, we believe that
these patients should be recommended undergoing
amniocentesis.
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İD

Özet: SARS-CoV-2 enfeksiyonundan etkilenmifl ileri
anne yafl›na sahip kad›nlarda maternal ve perinatal
sonuçlar (Faz 2): WAPM (Dünya Perinatal T›p Birli¤i)
COVID-19 Çal›flma Grubu
Amaç: SARS-CoV-2 enfeksiyonu ile komplike gebeliklerin sonucu-
nu belirlemede ileri anne yafl›n›n (‹AY) rolüne ›fl›k tutmak.
Yöntem: Çok uluslu kohort çal›flmas›na, 4 Nisan 2020 ile 28 Ekim
2020 tarihleri aras›nda Avrupa, ABD, Güney Amerika, Asya ve
Avustralya’daki 27 farkl› ülkede bulunan 76 merkezden laboratuvar
teyitli SARS-CoV-2 enfeksiyonlu kad›nlar dahil edildi. Primer so-
nuç, yo¤um bak›m ünitesine (YBÜ) yat›fl, mekanik ventilasyon kul-
lan›m› (entübasyon, sürekli pozitif hava yolu bas›nc› ihtiyac›, ekstra-
korporeal membran oksijenizasyonu olarak tan›mlanm›flt›r), fliddet-
li respiratuvar semptomlar (dispne ve nefes darl›¤› dahil) veya ölüm
dahil maternal mortalite ve morbiditenin bileflik ölçümüydü. 
Bulgular: Çal›flmaya, nazal ve faringeal sürüntü örneklerinde RT-
PCR (ters transkriptaz polimeraz zincir reaksiyonu) ile pozitif
SARS-CoV-2 sonuçlar›na sahip 887 gebe çal›flmaya dahil edildi (ile-
ri anne yafl›na sahip olan 235 olgu ve ileri anne yafl›na sahip olmayan
652 olgu). Bileflik advers maternal sonuç riski, 35 yafl alt›ndaki gru-
ba k›yasla 1.99 OR (olas›l›k oran›) ile (%95 CU 1.4–2.9; p=0.002)
‹AY grubunda daha yüksekti. Benzer flekilde 35 yafl›ndan büyük ka-
d›nlarda da hastaneye yat›fl (OR: 1.88, %95 GA 1.4–2.5; p<0.001),
fliddetli respiratuvar semptom varl›¤› (OR: 1.53, %95 GA 1.0–2.3;
p=0.04) ve/veya YBÜ’ye yat›fl (OR: 2.00, %95 GA 1.1–3.7; p=0.003)
riski daha yüksekti, ancak perinatal sonuç riski bak›m›ndan hiçbir
fark bulunmad›. 
Sonuç: ‹leri anne yafl›, SARS-CoV-2 enfeksiyonuyla komplike ge-
beliklerde advers maternal sonuç için ba¤›ms›z bir risk faktörüdür.
Maternal sonucu iyilefltirebilmek için, elektif hospitalizasyon
ve/veya uzun süreli takip dahil kiflisellefltirilmifl bir yönetimden
faydalanabilecek kad›nlar›n alt kümesini tespit edebilmek amac›y-
la gebelikte SARS-CoV-2 enfeksiyonu oldu¤undan flüphelenilen
kad›nlarda do¤ru risk s›n›fland›rmas› gereklidir. 

Anahtar sözcükler: SARS-CoV-2, COVID-19, Koronavirüs, en-
feksiyon, gebelik.
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Abstract

Objective: To elucidate the role of advanced maternal age (AMA)
in determining the outcome of pregnancies complicated by SARS-
CoV-2 infection. 
Methods: Multinational cohort study included women with labora-
tory-confirmed SARS-CoV-2 infection from 76 centers in 27 differ-
ent countries in Europe, United States, South America, Asia and
Australia from 04 April 2020 till 28 October 2020. The primary out-
come was a composite measure of maternal mortality and morbidity
including admission to intensive care unit (ICU), use of mechanical
ventilation (defined as intubation, need for continuous positive airway
pressure, extra-corporeal membrane oxygenation), severe respiratory
symptoms (including dyspnea and shortness of breath) or death. 
Results: Eight hundred and eighty seven pregnant women were
included in the study who were positive SARS-CoV-2 results by RT-
PCR (reverse transcriptase-polymerase chain reaction) on their nasal
and pharyngeal swab specimens (235 with and 652 with no AMA). The
risk of composite adverse maternal outcome was higher in AMA group
compared to that of under 35 years of age group, with an OR of 1.99
(95% CI 1.4–2.9; p=0.002). Likewise, women >35 years were also at
higher risk of hospital admission (OR: 1.88, 95% CI 1.4–2.5; p<0.001),
presence of severe respiratory symptoms (OR: 1.53, 95% CI 1.0–2.3;
p=0.04) and/or admission to ICU (OR: 2.00, 95% CI 1.1–3.7; p=0.003);
however, no difference was observed in terms of perinatal outcome risk. 
Conclusion: Advanced maternal age is an independent risk factor for
adverse maternal outcome in pregnancies complicated by SARS-
CoV-2 infection. Accurate risk stratification of women presenting
with suspected SARS-CoV-2 infection in pregnancy is warranted in
order to identify a subset of women who may benefit from a person-
alized management, including elective hospitalization and/or pro-
longed surveillance in order to improve maternal outcome.

Keywords: SARS-CoV-2, COVID-19, Coronavirus, infection,
pregnancy.
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Introduction
Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) infection spread towards the end of 2019
and is still a major public health problem. New cases of
infection, hospitalization, admission to Intensive Care
Unit (ICU) and death toll are increasing on a daily basis
worldwide.[1,2] From the beginning of pandemic, preg-
nancy has been claimed to be potentially be associated
with a higher burden of maternal mortality and morbid-
ity compared to the general population, due to the pecu-
liar cardiovascular and respiratory maternal adaptations
occurring during pregnancy.[3,4]

Several cohort studies and systematic reviews eval-
uating the course of SARS-CoV-2 in pregnancy for
maternal and perinatal outcomes have been published
so far.[5–8] Despite the reassuring low rates of maternal-
perinatal mortality and vertical transmission, in preg-
nancy, the risk of maternal admission to ICU appears
to be higher, than that of age-matched non-pregnant
women.[8–10]

The severity of SARS-CoV-2 infection in pregnan-
cy has been reported to be associated with several risk
factors. Among these, maternal age has been found to
be an independent additional risk for adverse maternal
outcome.[9] Still, the data for the relation between
maternal age and outcome of pregnancies complicated
by this infection is inconsistent. The aim of this study
was to report the outcome of SARS-CoV-2 infection in
pregnancies with AMA in a multinational cohort of
pregnant women who were tested positive for SARS-
CoV-2 infection. 

Methods
This was a multinational, prospective cohort study
involving pregnant women with a laboratory-confirmed
SARS-CoV-2 infection, diagnosed from April the 4th,
2020 till October 28th, 2020. This study was designed as
an open and web-based database study in 76 centers
from 27 different countries (Argentina, Australia,
Belgium, Brazil, Bulgaria, Colombia, Czech Republic,
Chile, Finland, Germany, Greece, Equatorial Guinea,
India, Israel, Italy, Mexico, North Macedonia, Peru,
Portugal, Republic of Kosovo, Romania, Russia, Serbia,
Slovenia, Spain, Turkey, and The United States) by the
World Association of Perinatal Medicine (WAPM)
COVID-19 Study Group. The study was endorsed by

WAPM. Ethical approval for the study was obtained
from the Ethical Committee of Federico II University of
Naples (nr.145/2020). The first phase of the study has
already been published and comprised the data from
April 4th, 2020 till June 1st, 2020.[4] Then, additional
data (more details for fetal and neonatal outcome) was
added and reevaluated by contributors for WAPM
COVID-19 Study Phase-2 new database. Only con-
firmed cases with PCR were included in the evaluation.
The cases with clinical diagnosis without positive PCR
test were excluded.  

SARS-CoV-2 was diagnosed on the basis of The
World Health Organization (WHO) interim guid-
ance.[11] A confirmed case of SARS-CoV-2 was defined
as a positive result on real-time reverse-transcriptase-
polymerase-chain-reaction (RT-PCR) assay of nasal
and pharyngeal swab specimens.[11,12]

In the included centers, women were tested with
RT-PCR of nasal and pharyngeal swab mostly because
of having symptoms or history of exposure.

Neonates of mothers with positive SARS-CoV-2
results were usually tested within 24 hours after deliv-
ery by oro-nasopharyngeal swab RT-PCR. Data on
recent exposure history, clinical symptoms or signs,
laboratory findings, maternal and perinatal outcomes
were collected. All medical records were anonymized
and sent to the coordinator center at University of
Naples Federico II (Naples, Italy) through the WAPM
data platform. Data were entered into a computerized
database and cross-checked. In case of missing data,
requests for clarification were sent to the coordinator
of each participating center. 

The primary outcome was to compare the rates of
maternal mortality and morbidity (admission to inten-
sive care unit [ICU], use of mechanical ventilation
[defined as intubation, need for continuous positive
airway pressure, extra-corporeal membrane oxygena-
tion], severe respiratory symptoms [including dyspnea
and shortness of breath]). Secondary outcomes were a
composite score of adverse perinatal outcome, includ-
ing miscarriage, intrauterine death (IUD), neonatal
death (NND), perinatal death (PND), admission to
neonatal intensive care unit. Miscarriage was defined as
pregnancy loss before 22 weeks of gestation, IUD as
fetal loss at or after 22 weeks of gestation, while NND
as death of a live-born infant within the first 28 days of
life. PND was defined as IUD or NND. 
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Further details on criteria for maternal admission to
ICU and neonatal admission to NICU are more exten-
sively described elsewhere.[4]

All outcomes of AMA group were compared to that
of non-AMA group. For the purpose of the analysis,
AMA was defined as age >35 years. Subgroup analysis
considering women >40 years was also performed.  

Statistical analysis was performed using Statistical
Package for Social Sciences (SPSS) v. 19.0 (IBM Inc.,
Armonk, NY, USA) and using Stata, version 13.1
(Stata Corp., College Station, TX, USA, 2014).
Continuous variables were reported as means ± stan-
dard deviation (SD), while categorical variables as per-
centage. Univariate comparisons of dichotomous data
were performed with the use of the Fisher’s exact test
with continuity correction. Comparisons between
groups were performed with the use of the Student’s t-

test to analyze by assuming equal within-group vari-
ances for parametric data, and with the use of Mann-
Whitney U tests for nonparametric data. Multivariate
analysis was performed to evaluate potential predictors
of the primary outcome. Logistic regression was
reported as odds ratio (OR) and adjusted OR (aOR)
with 95% confidence interval (CI). A p-value <0.05 was
considered statistically significant.

Results
During the study period, 887 singleton viable pregnan-
cies from 76 centers in 27 different countries, who were
tested positive for SARS-CoV-2 by nasopharyngeal
swab RT-PCR were included. Among these, 652 were
<35 years old of age, 235>35 and 67>40 years. General
characteristic of the study population is reported in
Table 1.
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Table 1. Comparison of different characteristics in pregnant women with those with no advanced age. 

<35 years ≥≥35 years ≥≥40 years
Characteristic (n=652) (n=235) p-value (n=67) p-value

Maternal and pregnancy characteristics

Gestational age at diagnosis of infection (weeks) 25.41±8.1 26.35±8.9 0.134 30.78±8.9 <0.001

Nulliparity 30.5 (199) 44.7 (105) 0.001 43.3 (29) 0.039

Smoking before or during pregnancy 4.6 (30) 0.9 (2) 0.007 1.5 (1) 0.349

High-risk pregnancies 17.3 (113) (95) <0.001 67.1 (45) <0.001

Clinical, radiological and laboratory findings

Symptomatic infection 56.1 (366) 64.3 (151) 0.039 58.2 (39) 0.797

Respiratory symptoms 32.7 (213) 44.7 (105) 0.719 40.3 (27) 0.701

Non-respiratory symptoms 30.7 (200) 34.0 (80) 0.368 31.3 (21) 0.601

Only non-respiratory symptoms 22.5 (147) 19.6 (46) 0.358 17.9 (12) 0.442

Fever 28.1 (183) 31.1 (73) 0.402 23.9 (16) 0.567

Cough 23.5 (153) 35.7 (84) 0.001 44.8 (30) 0.001

Myalgia 16.0 (104) 22.6 (53) 0.028 47.8 (32) 0.001

Anosmia 5.4 (35) 9.8 (23) 0.030 7.5 (5) 0.409

Gastrointestinal symptoms 3.5 (23) 1.7 (4) 0.190 1.5 (1) 0.717

Lymphopenia 48.6 (317) 43.8 (103) 0.223 55.2 (37) 0.308

Thrombocytopenia 6.0 (39) 8.1 (19) 0.282 9.0 (6) 0.297

Increased LDH levels 5.7 (37) 6.8 (16) 0.523 11.9 (8) 0.059

Pharmacologic treatments

LMWH 17.5 (114) 29.4 (69) <0.001 50.7 (34) <0.001

Antibiotics 27.5 (179) 38.7 (91) 0.002 67.2 (45) <0.001

Any antiviral drug 20.6 (134) 31.9 (75) 0.001 58.2 (39) <0.001

Hydroxychloroquine 15.5 (99) 29.4 (69) <0.001 53.7 (36) 1.00

LDH: lactate dehydrogenase; LMWH: low molecular weight heparin.



There was no difference in mean gestational age at
the diagnosis of the infection between AMA group and
non-AMA group (25.4±8.1 vs 26.4±8.9, respectively;
p=0.134). The incidence of nulliparity (44.7% vs
30.5%, p=0.001) and high-risk pregnancies (i.e. pre-
existing or gestational medical conditions complicating
the pregnancy) (40.4% vs 17.3%, p<0.0001) was high-
er in AMA group when compared to no-AMA group.
When exploring the different clinical, radiologic and
laboratory findings, women in AMA group were more
likely to present with a symptomatic infection (64.3%
vs 56.1%, p=0.039), while there was no difference in
the occurrence of respiratory or non-respiratory symp-
toms, fever, lymphopenia, thrombocytopenia or
increased serum LDH levels between the two study
groups (Table 1).

The risk of composite adverse maternal outcome was
higher in women with AMA compared to those <35
years (OR: 1.99, 95% CI 1.4–2.9; p<0.001) (Table 2).
Likewise, women were also at higher risk of hospital
admission (OR: 1.88, 95% CI 1.4–2.5; p<0.001), pres-
ence of severe respiratory symptoms (OR: 1.53, 95% CI
1.0–2.3; p=0.045), and admission to ICU (OR: 2.00,
95% CI 1.1–3.7; p=0.035) while there was no difference
in the risk of adverse perinatal outcome between the two
groups.

When restricting the analysis to women over 40
years of age, the risk of composite adverse maternal out-

come was higher in women >40 compared to those <40
years of age (OR: 2.53, 95% CI 1.4–4.5; p=0.006).
Likewise, women >40 had also a higher risk of in hospi-
tal admission (OR: 1.89, 95% CI 1.1–3.1; p=0.016),
development of severe respiratory symptoms (OR: 2.28,
95% CI 1.2–4.2, p=0.012), admission to ICU (OR: 3.26,
95% CI 1.4–7.5; p=0.010) and/or need for invasive ven-
tilation (OR: 4.18, 95% CI 1.6–11.2; p=0.009). At logis-
tic regression analysis, AMA >35 (OR: 3.12, 95% CI
2.2–5.7; p=0.002), presence of a high-risk pregnancies
(OR: 4.12, 95% CI 3.1–6.311; p=0.001) and nulliparity
(OR: 3.11, 95% CI 2.9–6.2; p=0.001) were independent-
ly associated with adverse maternal outcome.

Discussion
This secondary analysis of the WAPM’s multinational
cohort study on pregnant women with SARS-CoV-2
from 76 different centers, showed that risks of compos-
ite adverse maternal outcome, severe respiratory symp-
toms and admission to ICU are higher in pregnant
women with AMA than youngers.

To our knowledge, this is the first study extensively
assessing the role of AMA on the outcome of pregnan-
cies complicated by SARS-CoV-2 infection. The
WAPM study was one of the largest cohort of pregnant
women with SARS-CoV-2 infection, with data collected
from the beginning of the pandemic. Major strengths of
the study are the enrollment of only confirmed SARS-
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Table 2. Comparison of the different maternal and fetal outcomes in pregnant women with those without advanced age.

<35 years ≥≥35 years ≥≥40 years
(n=652) (n=235) p-value (n=67) p-value

Composite adverse maternal outcome 14.4 (94) 25.1 (59) <0.001 30.0 (20) 0.006

In hospital admission 35.3 (230) 50.6 (119) <0.001 50.7 (34) 0.016

Severe respiratory symptoms 12.1 (79) 17.4 (41) 0.045 23.9 (16) 0.012

Admission to intensive care unit 4.0 (26) 7.7 (18) 0.035 11.9 (8) 0.010

Invasive ventilation 2.3 (15) 4.3 (10) 0.165 9.0 (6) 0.009

Maternal death 0.3 (2) 0.4 (1) 1.000 1.5 (1) 0.255

Composite adverse fetal outcome 11.2 (73) 13.2 (31) 0.410 14.9 (10) 0.420

Miscarriage 2.5 (16) 2.6 (6) 1.000 6.0 (4) 0.107

Intra-uterine death 0.5 (3) 0.9 (2) 0.612 0 (0) 1.000

Neonatal death 0.8 (5) 1.3 (3) 0.443 0 (0) 1.000

Perinatal death 1.2 (8) 2.1 (5) 0.346 0 (0) 1.000

Admission to neonatal intensive care unit 7.5 (49) 9.8 (23) 0.268 9.0 (6) 0.630

Vertical transmission 0.6 (4) 2.1 (5) 0.061 4.5 (3) 0.021



CoV-2 cases, large sample size, the inclusion of both ter-
tiary centers and community hospitals from many differ-
ent countries and multitude of outcomes explored. 

The major limitation was that the study population
came mostly from women referred for suspected SARS-
CoV-2 infection, due to symptoms or exposure, and
consequently tested, thus leading to an intuitively lower
percentage of asymptomatic women in the study cohort.
Furthermore, different income level of countries and
healthcare systems, and the heterogeneity in the man-
agement of both the mother and the fetus might have
independently affected perinatal outcomes.

Women who delay childbearing are at increased risk
of adverse pregnancy outcome, including miscarriage,
fetal anomalies, pre-eclampsia, gestational diabetes and
cesarean delivery compared to getting pregnant at
younger age.[13,14] The reason for such association is like-
ly to rely on the higher rate of chronic morbidities
potentially affecting a pregnancy in advanced age.

In the present study, we reported that AMA repre-
sents an independent risk factor for adverse outcomes in
pregnancies complicated by SARS-CoV-2 infection,
irrespective of the presence of pregestational or gesta-
tional co-morbidities. The course of SARS-CoV-2
infection in pregnancy has been widely reported with a
higher risk of maternal respiratory morbidity compared
to non-pregnant counterparts, due to physiologic
changes of pregnancy that might predispose them to a
more severe clinical course.[3–9]

One of the largest systematic reviews recently pub-
lished on this topic showed that pregnant women affect-
ed by COVID-19 were significantly more likely to need
admission to ICU and invasive ventilation, compared to
non-pregnant women of same reproductive age, and that
increased maternal age, higher BMI, chronic hyperten-
sion and pre-existing diabetes were all significantly asso-
ciated with a more severe course of SARS-CoV-2 infec-
tion in pregnancy.[9]

A likely explanation for the independent association
between AMA and adverse pregnancy outcome may rely
in the higher incidence of maternal chronic conditions in
previous pregnancy of these women. However, the asso-
ciation between AMA and adverse maternal outcome
persisted at logistic regression analysis, indicating an
independent contribution of AMA in determining the
outcome of pregnancies complicated by SARS-CoV-2
infection. Pregnancy induces marked changes in the res-

piratory and cardiovascular systems that are essential for
meeting the increased metabolic demands of the mother
and fetus. It is plausible that relative changes in the res-
piratory physiology with advancing age may predispose
these women to a higher risk of developing pulmonary
complications when affected by SARS-CoV-2 infection.

The findings from this study support an accurate risk
stratification of pregnancies complicated by SARS-CoV-
2 infection in order to maximize the maternal respirato-
ry outcome. Pregnancies with co-morbidities and
advanced age are at higher risk of developing complica-
tions.[15] A prolonged observation of women presenting
with mild symptoms or elective hospital admission may
represent a reasonable option in order to improve mater-
nal outcome, although this assumption would require
confirmation in randomized controlled trials.

Conclusion
Advanced maternal age represents an independent risk
factor for adverse maternal outcome in pregnancies
complicated by SARS-CoV-2 infection. Accurate risk
stratification of women presenting with suspected
SARS-CoV-2 infection in pregnancy is warranted in
order to identify a subset of women who may benefit of
a personalized management, including prolonged sur-
veillance or elective hospitalization, in order to
improve maternal outcomes.
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Prenatal diagnosis of umbilical artery thrombosis in
the second trimester: a case report 
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İDİD

Introduction
Thrombosis of umbilical cord vessels is a rare compli-
cation during pregnancy and the incidence is reported
as 1 in 1300 deliveries by Heifetz. Thrombosis of
umbilical vein is more frequent than the arterial
thrombosis.[1] Umbilical arterial thrombosis is associat-
ed with poor fetal outcomes including intrauterine
growth restriction (IUGR) and increased fetal demise.
Diagnosis is so difficult and challenging, also the man-
agement is so controversial that there is no approved
timing of delivery after the diagnosis. Here, we report-

ed an umbilical arterial thrombosis that is diagnosed at
the 24 weeks of gestation that is followed up to 34
weeks of pregnancy. We obtained the written informed
consent from the patient for publication of this case
report and any accompanying images.

Case Report

A 28-year-old gravida 5 para 1 abortion 3, 24 weeks
pregnant patient was referred to our maternal-fetal
medicine unit due to a cystic structure at the free loop

Özet: ‹kinci trimesterde umbilikal arter trombozunun
prenatal tan›s›: Olgu sunumu
Amaç: Umbilikal arter trombozu nadir bir rahats›zl›kt›r. Tan›s›
genellikle üçüncü trimesterde fetal distres veya intrauterin geliflme
gerili¤inin tespitinden sonra konulur veya do¤umdan sonra tan›
koyulabilir. Ayr›ca, rahats›zl›¤›n yönetimi de tan› sonras›nda
çeliflkilidir. 

Olgu: Çal›flmam›zda, umbilikal kord kisti için baflvuru sonras›nda
ikinci trimesterde tan›s› konulan bir umbilikal arter tromboz
olgusunu sunduk. Gebeli¤in 24. haftas›ndaki tan› sonras›nda olgu
haftal›k olarak takip edildi. Olgu, 34. gebelik haftas›nda sorunsuz
flekilde elektif olarak do¤um yapt›. Tan› postnatal olarak
do¤ruland›. 

Sonuç: Umbilikal arter trombozunun prenatal tan›s›, perinatal
morbiditeyi önlemede çok önemlidir. Umbilikal kord kistleri
tespit edildi¤inde, umbilikal arter trombozu bak›m›ndan ek
de¤erlendirme yap›lmal›d›r.

Anahtar sözcükler: Tromboz, umbilikal arter, umbilikal kord.
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Abstract

Objective: Thrombosis of umbilical artery is a rare condition. The
diagnosis is established commonly in the third trimester after detec-
tion of fetal distress or intrauterine growth retardation, or could be
established after delivery. Also, the management of the condition is
conflicting after the diagnosis.

Case: Here we reported an umbilical artery thrombosis case that
was diagnosed in the second trimester after referral for an umbilical
cord cyst. After the diagnosis at 24th week of pregnancy, she had
been followed up weekly. She had been delivered electively at the
34th week of pregnancy uneventfully. The diagnosis was confirmed
postnatally. 

Conclusion: The prenatal diagnosis of umbilical arterial thrombo-
sis is so important to prevent perinatal morbidity. When umbilical
cord cysts are detected, further evaluation is required in terms of
umbilical artery thrombosis. 

Keywords: Thrombosis, umbilical artery, umbilical cord.
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of umbilical cord. Fetal anatomic survey was complete-
ly normal at 21st week of pregnancy including two
umbilical arteries. Patient had an unremarkable past
medical history. Only she was using enoxaparin sodi-
um is 4000 IU (40 mg) once daily that was started in
the early first trimester by another physician due to
previous abortions in the first trimester. But the indi-
cation of the enoxaparin use was not clear. Acquired
and inherited thrombophilia tests were normal. Our
transabdominal ultrasonographic examination
revealed a 23×40 mm thin walled cystic structure sur-
rounding around a part of free umbilical cord loop
(Fig. 1). Content of cystic structure was semi-
echogenic. At longitudinal section of umbilical cord
visualized by sonography, a 25×8 mm sized echogenic
structure next to the cystic area is visualized (Fig. 2).

Doppler flow confirmed two blood flows on cord, one
artery and one vein. The other umbilical artery vessel
blood flow was clogged by the thrombus. Minimal pas-
sage through the thrombus could be visualized by
power Doppler (Fig. 3). Only one paravesical umbili-
cal arterial blood flow was present. Fetal biometric
measurements were coherent with gestational age.
Umbilical artery pulse Doppler values were normal.
Anatomic survey did not reveal any extra abnormality.
Fetal echocardiography and cardiac rhythm was nor-
mal. Patient is informed about abnormality and called
for weekly follow-up. The enoxaparin is not stopped
and continued. The cystic structure surrounding the
cord in first sonography disappeared one week later.
On weekly follow-ups, the thrombus is evaluated and
the cord vessels were examined about a new thrombus.
The cranial structures of the fetus is examined about a
probable emboli. After the 28th week of pregnancy
fetal well-being was also evaluated by weekly non-
stress test. Timing of delivery was planned at 34th
week. After the 31st week of pregnancy, a mild fetal
intrauterine growth retardation was started but
Doppler velocimetry was normal and patient was fol-
lowed up to 34 weeks. A healthy female infant weigh-
ing 2250 grams was delivered electively by cesarean
section, with Apgar scores of 6 at 1 minute and 8 at 5
minutes on the 34 week of pregnancy. Baby did not
have any signs associated with thrombosis. The throm-
bus in the umbilical artery is confirmed macroscopical-
ly after delivery (Figs. 4 and 5). Also, the diagnosis is
confirmed histopathologically. The baby is followed in
neonatal intensive care unit for 5 days and then dis-
charged from hospital. 
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Fig. 1. The periumbilical cord cystic structure. Fig. 2. Sonographic view of thrombus. 

Fig. 3. Minimal blood flow on power Doppler sonography. 



Discussion
The prognosis of umbilical arterial thrombosis is worse
than umbilical venous thrombosis and arterial throm-
bosis is associated with increased perinatal morbidity,
IUGR and increased fetal mortality. Thrombosis of
umbilical artery is rare and no clear data exists regard-
ing the management of this condition.[2] The reason of
umbilical vessels thrombosis is unclear. It is asserted
that umbilical cord abnormalities cause thrombosis.
These may be primarily the abnormal structure of the
umbilical cord, like hypercoiling or elongation or
mechanical factors that applies pressure on the vessels
like cystic structures, placental tumors.[3] Umbilical
vessel thrombosis may also be associated with abnor-
mal fetal coagulation, maternal diabetes mellitus,
infection, and smoking.[4] Matsumoto et al.[5] reported
an umbilical arterial thrombosis that was associated
with an extra-abdominal umbilical vein varix. Li et al.[6]

reported an umbilical arterial thrombosis that was
associated with hypercoiling of umbilical cord. These
abnormalities may induce flow stasis and thrombosis of
the umbilical artery. In our case the diagnosis was
made after the detection of umbilical cord cystic struc-
ture. However, we are not sure that it was a real cystic
structure or an extravasation subsequent to the throm-
bosis. Because the cystic structure disappeared one
week later.

Papers about prenatal detection of umbilical arteri-
al thrombosis are limited and most of them have been

diagnosed postnatal when the baby has been delivered
due to acute fetal distress. Klaritsch et al.[7] described
‘grabbed orange sign’ for the sonographic detection of
umbilical artery thrombosis. In our case, we directly
detected the large echogenic thrombus in the vessel
but the cystic structure have attracted attention us on
the cord loop to look more carefully. A cystic umbilical
cord structure may be critical sign to alert the physi-
cian about the thrombosis.

The thrombosis of vessels does not always com-
pletely block the circulation. Completely block of
umbilical vein is lethal for the fetus; however, that is
not same for the artery.[8] In our case the artery was
completely blocked, and only minimal flow could be
visualized by power Doppler at very low pulse repeti-
tion frequencies. Acute thrombosis may result with
sudden stillbirth, acute fetal distress or IUGR.[9] Sato
and Benirschke also reported results of 11 cases with
umbilical arterial thrombosis and reported two with
stillbirths and three with severe intrauterine growth
restriction.[10] We had only a mild IUGR at fetus and
was started around 31 weeks of pregnancy that was
about two months later after the diagnosis. 

In the literature, because most cases were diagnosed
with acute fetal distress and babies were delivered
emergently, there is only a few cases whose pregnan-
cies were followed after prenatal diagnosis. We could
only find reports on two separate cases diagnosed at 32
and 33 weeks of gestation and delivered electively at 34
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Fig. 4. Thrombus in the umbilical artery and the intact artery and vein. Fig. 5. Macroscopically view of thrombosis part of umbilical cord. 
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weeks of gestation.[2,11] We electively delivered the baby
by cesarean section at 34 weeks of gestation. Our case
is characterized with longest follow-up time after the
diagnosis in the literature.

Conclusion
In conclusion, prenatal detection of umbilical arterial
thrombosis is so crucial to prevent perinatal morbidity
and mortality. Despite this, it is not always possible to
prevent adverse outcomes despite early diagnosis. This
should be noted. More careful sonographic evaluation of
the umbilical cord will be useful for the early diagnosis of
thrombosis and to detect high-risk patients for umbilical
vessel thrombosis.
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İDİD

Introduction
Tetralogy of Fallot (TOF) usually presents with a large
non-restrictive ventricular septal defect (VSD). It has
been described postnatally that in rare cases, the VSD
can become restrictive and prompt cardiac failure.[1]

We hereby present a rare case of prenatal diagnosis of
TOF with a restrictive perimembranous VSD.

Case Report
A 20-week primigravida case was referred for suspicion
of congenital heart defect. The exam at our Fetal
Medicine Unit confirmed diagnosis of TOF with

severe pulmonary stenosis. An additional orofacial cleft
was found and array-CGH showed no pathological
findings. After parental counselling, follow-up scans
were performed monthly. At 34 weeks the fetus devel-
oped a symmetrical cardiomegaly with myocardial
hypertrophy and no additional signs of cardiac dys-
function. Tricuspid valve was competent but an
echogenic 7 mm subvalvular thickening partially
occluded the VSD during diastole resulting in a
restrictive VSD (peak flow 217 cm/s) (Fig. 1). A fol-
low-up scan was scheduled in 72h. However, the moth-
er was admitted two days later for premature rupture of
membranes and labor was induced after fetal matura-

Özet: Fallot tetralojisinin restriktif ventriküler septal
defekt ile prenatal tan›s›
Amaç: Fallot tetralojisi (FT) genellikle büyük non-restriktif ven-
triküler septal defekt ile seyretmektedir. 

Olgu: Bu çal›flmada, kal›nt› triküspit kapak dokusuna sekonder
restriktif VSD ile prenatal FT tan›s›n›n nadir bir olgusunu sun-
maktay›z. VSD’nin k›smi oklüzyonu, miyokardiyal hipertrofinin
prenatal ilerleyifli ve postnatal olarak güç yönetime sahip sa¤ kalp
yetmezli¤i ile sonuçlanm›flt›r. 

Sonuç: FT’de kardiyak disfonksiyonun prenatal belirtileri halinde
detayl› VSD muayenesi düflünülmelidir. Ebeveynlere ve neona-
tologlara dan›flmanl›k verilmelidir ve do¤um tersiyer bir merkezde
güvenceye al›nmal›d›r.

Anahtar sözcükler: Fallot tetralojisi, restriktif, ventriküler septal
defekt.
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Abstract

Objective: Tetralogy of Fallot (TOF) usually presents with a
large non-restrictive ventricular septal defect (VSD).

Case: We hereby report a rare case of prenatal diagnosis of TOF
with a restrictive VSD secondary to redundant tricuspid valve tis-
sue. Partial occlusion of the VSD resulted in prenatal progression
to myocardial hypertrophy and postnatally to right heart failure
with difficult management. 

Conclusion: Prenatal signs of cardiac dysfunction in TOF should
prompt a detailed exam of the VSD. Parents and neonatologists
must be advised and delivery must be guaranteed in a tertiary cen-
ter. 

Keywords: Tetralogy of Fallot, restrictive, ventricular septal
defect.
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tion. The diagnosis was confirmed postnatally (Fig. 2).
The neonate was initially managed with PGE1 infusion
and placement of a ductal stent in the first week.
Difficulty in hemodynamic management urged a semi-
corrective surgery with transannular patch and closure of
the arterial duct 2 months later. Subsequent clinical
instability required corrective surgery at 3 months, with
resection of the accessory tricuspid valve tissue, model-
ling of the right outflow tract and closure of the VSD.
The patient is now extubated, stable with adequate ven-
tricular function, awaiting cleft palate surgery.

Discussion
TOF usually presents with a large non-restrictive
VSD. In rare cases of TOF, inter-ventricular flow can

be obstructed by accessory tricuspid valve tissue, a pro-
lapsed aortic valve or fibrous tissue originated from the
membranous hypertrophied ventricular septum, being
the first one the most common etiology.[2] This flow
restriction can cause suprasystemic right ventricular
pressure and subsequent right heart failure.[3] Accessory
tricuspid valve tissue is thought to arise from continu-
ous ventricular pressure due to a prolonged exposure
to critical pulmonary stenosis or pulmonary atresia and
results in an obstruction of the VSD. Faggian et al.
have described two types of accessory tissue according
to its mobility: mobile and fixed.[4] The first one, as in
our case, can be identified as a parachute-like leaflet
floating in the ventricular outflow tract, and may pro-
trude into the sub-aortic region causing ventricular
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Fig. 1. Prenatal ultrasound. (a) A left ventricle outflow tract with a ventricular septal defect (*) and the redundant tricuspid valve (marked by
an arrow) in B mode. (b) Color Doppler flow through the ventricular septal defect in the four chamber view. LA: left atrium; LV: left
ventricle; RA: right atrium; RV: right ventricle. 

a b



outflow obstruction. To the best of our knowledge,
these findings have only been identified postnatally,
with an estimated incidence of 1.4% and is thought to
increase surgical mortality as well as be one of the caus-
es of cardiac congestive heart failure in TOF,[1] requir-
ing early surgery to avoid right ventricular failure.
Preoperative knowledge of this lesion is expected to
reduce surgical mortality.[5]

Conclusion
TOF can be a progressive disease and therefore war-
rants periodic follow-up. Prenatal signs of cardiac dys-
function in TOF should prompt a detailed exam of the
VSD in order to detect and characterize a restriction to

the flow as a possible underlying cause for cardiac dys-
function. Parents and neonatologists must be alerted
and delivery must be guaranteed in a tertiary center
since cardiac dysfunction can be severe, difficult to
manage and require different surgeries to those usual-
ly scheduled.
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Fig. 2. Postnatal ultrasound. (a) A five chamber view with the ventricular septal defect (*) and the redundant tricuspid valve (marked by an
arrow) in B mode. (b) Color Doppler flow through the ventricular septal defect in the five chamber view. LA: left atrium; LV: left ven-
tricle; RA: right atrium; RV: right ventricle.
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