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Study to evaluate the role of TNFα
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among term, appropriate for gestational age newborns
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Abstract

Özet: Gestasyonel yaﬂ›na göre normal olan term
α, IL1β
β ve IL6’n›n neonatal
yenido¤anlarda TNFα
sepsisin tan›s› ve ﬂiddetinin de¤erlendirilmesindeki
rolünü incelemeye yönelik çal›ﬂma

Objective: There is no established diagnostic test available to diagnose neonatal sepsis. Tumor necrosis factor α (TNFα), interleukin
1β (IL1β) and interleukin 6 (IL6) showed some promising results in
some recent studies in this respect, but their roles in diagnosis and
prognosis of neonatal sepsis are not yet conclusive. In this study, we
have tried to identify diagnostic and prognostic ability of these biomarkers in neonatal sepsis.
Methods: In this cross-sectional study, blood sample for 3 cytokines
were collected at diagnosis of neonatal sepsis fulfilling diagnostic criteria by purposive sampling and values were compared with normal
healthy newborns. Each of the cytokines was evaluated separately to
identify, whether they can detect neonatal sepsis with at least 70%
sensitivity and specificity. At the same time, their prognostic values
were also evaluated in terms of disease severity and mortality.
Results: Among twenty normal newborns, standard deviation values
of TNFα, IL1β and IL6 were 39.7±21.5 pg/ml, 34.6±20.9 pg/ml and
44.4±33.0 pg/ml, respectively. In sepsis group (n=40), these values
were 69.6±26.0 pg/ml, 57.7±29.0 pg/ml and 204.6±169.2 pg/ml,
respectively. All these differences were statistically significant (p<0.05).
IL6 was able to diagnose neonatal sepsis with 80% (95%CI 64.4 to
90.9) sensitivity and 85% (95% CI 62.1 to 96.8) specificity considering a cut off value of 61.8 pg/ml with area under the curve 0.899. This
result was better than other two biomarkers.
Conclusion: IL6 may be considered as a good diagnostic tool for
neonatal sepsis. None of the biomarkers were able to prognosticate neonatal sepsis.

Amaç: Neonatal sepsis tan›s› koymak için mevcut olan kabul görmüﬂ
bir tan› testi bulunmamaktad›r. Bu bak›mdan tümör nekroz faktörü
α (TNFα), interlökin 1β (IL1β) ve interlökin 6 (IL6), yak›n tarihli
baz› çal›ﬂmalarda baz› umut verici sonuçlar sergilemiﬂtir; fakat bunlar›n neonatal sepsis tan›s› ve prognozundaki rolleri henüz kesinleﬂmemiﬂtir. Çal›ﬂmam›zda, bu biyobelirteçlerin neonatal sepsisteki tan›lama ve prognostik kapasitelerini tespit etmeye çal›ﬂt›k.
Yöntem: Bu kesitsel çal›ﬂmada, tan›lama kriterlerini karﬂ›layan 3 sitokin için neonatal sepsis tan›s›nda amaçl› örnekleme ile kan örnekleri al›nm›ﬂ ve bulunan de¤erler normal sa¤l›kl› yenido¤anlar ile karﬂ›laﬂt›r›lm›ﬂt›r. Her bir sitokin, en az %70 duyarl›l›k ve özgüllük ile
neonatal sepsisi tespit edip edemeyeceklerini belirlemek için ayr› ayr› de¤erlendirilmiﬂtir. Ayn› esnada, hastal›k ﬂiddeti ve mortalitesi bak›m›ndan prognostik de¤erleri de de¤erlendirilmiﬂtir.
Bulgular: Yirmi normal yenido¤an aras›nda TNFα, IL1β ve IL6’n›n
ortalama ± standart sapma de¤erleri s›ras›yla 39.7±21.5 pg/ml, 34.6±
20.9 pg/ml ve 44.4±33.0 pg/ml idi. Sepsis grubunda (n=40) bu de¤erler s›ras›yla 69.6±26.0 pg/ml, 57.7±29.0 pg/ml ve 204.6±169.2) pg/ml
bulundu. Tüm bu farkl›l›klar istatistiksel olarak anlaml›yd› (p<0.05).
E¤ri alt›ndaki alan için 0.899 de¤eri ve 61.8 pg/ml’lik eﬂik de¤er dikkate al›nd›¤›nda, IL6 neonatal sepsisi %80 duyarl›l›k (%95 güven aral›¤› 64.4 ila 90.9) ve %85 özgüllük (%95 güven aral›¤› 62.1 ila 96.8)
ile tespit edebildi. Bu sonuç, di¤er iki biyobelirteçten daha iyiydi.
Sonuç: IL6, neonatal sepsis için iyi bir tan›lama arac› olarak düﬂünülebilir. Biyobelirteçlerin hiçbiri neonatal sepsisi tahmin edemedi.

Keywords: Interleukin 1 beta (IL1β), interleukin 6 (IL6), tumor
necrosis factor alpha (TNFα), neonatal sepsis, sepsis prognosis.

Anahtar sözcükler: ‹nterlökin 1 beta (IL1β), interlökin 6 (IL6),
tümör nekroz faktörü alfa (TNFα), neonatal sepsis, sepsis prognozu.
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Introduction
Neonatal sepsis globally is a major cause of mortality and
morbidity.[1] South Asia accounts for 3.5 million neonatal
sepsis cases per year. Sepsis is the second most common
cause of neonatal mortality in India.[2]
The major problem with neonatal sepsis is that it
presents with many subtle and nonspecific symptoms.
High index of suspicion is necessary to diagnose sepsis
early.[3] Severity of illness also varies remarkably among
cases. Some of these neonates progress rapidly to severe
sepsis and septic shock if not treated early.[4] On the other
hand there is significant concern about unnecessary
antibiotic use. Frequent use of antibiotics in neonatal
intensive care unit (NICU) is a common practice.
Multiple and higher generation antibiotics are often used
without definite evidence of sepsis and there is emergence of multidrug resistant organism.[5,6]
This problem is possibly aggravated by the fact that
there is no single good test available to diagnose and
assess severity of sepsis. Blood culture, which is regarded
as the gold standard for diagnosis of neonatal sepsis , is
time consuming, takes at least 48 to 72 hours and provides a variable yield (8–73%).[7–9]
Different biomarkers, like C-reactive protein, procalcitonin, serum amyloid A, lipopolysaccharide-binding
protein, protein biomarkers, cytokines and chemokines,
cell-surface antigens have been evaluated for their role in
diagnosis of neonatal sepsis.[10] Tumor necrosis factor α
(TNFα), interleukin 1β (IL1β), interleukin 6 (IL6) have
shown some promises in this respect in recent studies,
but their role is not yet conclusive.[11–14] Prognostic value
of these biomarkers has been evaluated in very few studies.[15,16] There is also huge variation of study results in
different geographical regions.[11,12] Studies from India
are limited.[15,17,18] In our study we have tried to evaluate
the role of TNFα, IL1β and IL6 in diagnosis of neonatal sepsis and assess if they can predict sepsis severity and
mortality.

Methods
This cross sectional study among term, appropriate for
gestational age newborns was performed in Sick
Newborn Care Unit (SNCU) of a tertiary care teaching
Hospital in Eastern India from December 2017 to
November 2018. Institutional ethics approval was
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obtained and informed consent was taken from parents
of study subjects.
As there is no valid definition for neonatal sepsis, it
was diagnosed based on history, certain risk factors, clinical features and positive sepsis screen result by two
independent senior doctors. Relevant history included
failure to suck, lethargy, inconsolable cry, abnormal
movement, and abnormal skin color. Risk factors for
early onset sepsis recorded were low birth weight (<2500
g) or prematurity, febrile illness in the mother with evidence of bacterial infection within 2 weeks prior to
delivery, foul smelling and/or meconium stained liquor,
rupture of membranes for over 24 hours, single unclean
or more than 3 sterile vaginal examination(s) during
labor, prolonged labor (sum of 1st and 2nd stage of labor
>24 hours), and perinatal asphyxia.[19] Clinical signs of
sepsis included the following: apnea, tachypnea
(>60/min), nasal flaring, retraction, cyanosis, bradycardia (<100/ min), tachycardia (>180/min), abdominal distention, hypotonia, seizures, and prolonged capillary
refilling time (over 2 seconds). The various components
of the septic screen were total leukocyte count
(<5000/mm3), absolute neutrophil count (low counts as
per Manroe chart[20]), immature to total neutrophil ratio
(>0.2), micro-erythrocyte sedimentation rate (>15 mm
in 1st hour) and C-reactive protein (>1 mg/dl). If 2 or
more parameters of the sepsis screen were positive, then
it was considered positive.[7,8,21] Sepsis was diagnosed in
presence of any of these clinical features along with positive sepsis screen result. Neonate with more than two
risk factors for early onset sepsis with positive sepsis
screen was also considered as neonatal sepsis even if
asymptomatic.
Term appropriate for gestational age neonates with a
diagnosis of sepsis were recruited in the study by purposive sampling. Neonates with congenital malformations,
congenital infections associated with the TORCH complex, suspected immunodeficiency were excluded from
the study. No preterm or small for gestational age newborn were included in the study. Consecutively all
neonates fulfilling these criteria during study period
were included in sepsis group. Blood sample for
cytokines were also collected from term appropriate for
gestational age healthy newborns (controls) from same
unit of same hospital during routine blood sampling for
neonatal screening of congenital diseases after obtaining
informed consent.

The role of TNFα, IL1β, IL6 in diagnosis and severity assessment of neonatal sepsis

Whole blood sample for culture sensitivity and
cytokine (TNF-α, IL-1β, IL-10) levels were collected
immediately after inclusion in the study and before starting antibiotics. Blood culture was carried out by an automated system (BACT/ALERT® 3D; bioMerieux SA,
Marcy l’Etoile, France). Blood sample for cytokines were
centrifuged at 2500 rpm for 15 minutes. Separated
serum was stored at -80°C. The levels of TNF-α, IL1β,
and IL6 were estimated by ELISA as per manufacturer’s
instruction (Raybiotech Inc., Peachtree Corners, GA,
USA). Each cytokines level was measured at 450 nm by
ELISA reader (Tecan, Switzerland). Required serum
sample for each cytokines were 100 μL. Minimum
detectable range was 30 pg/ml (30–6000 pg/ml) for
TNFα, 0.3 pg/ml (0.3–100 pg/ml) for IL1β, and 3 pg/ml
(3–1000 pg/ml) for IL6.

We also attempted receiver operating characteristic
(ROC) curve analysis, to see whether any of the three
biomarkers (TNFα, IL-1β and IL-6) can predicts the
occurrence of sepsis with at least 70% sensitivity and
specificity. Differences in levels of these biomarkers with
respect to disease severity and in survived and mortality
group were also assessed.

Results

Newborns were classified as proven sepsis (blood culture positive), suspected sepsis (blood culture-negative)
and control (healthy newborns). Sepsis severity was
assessed by SNAP II score at the time of diagnosis. A
score of ≥40 was considered as severe sepsis.[22] All these
babies were prospectively followed up for ultimate outcome: cured/mortality.

Among 40 patients with suspected sepsis, 20 were culture positive (proven sepsis) and remaining 20 were
culture negative (suspected sepsis). Twenty normal
babies were recruited as control. About 50% (n=21/40)
of the patients had early onset sepsis. Mean ± standard
deviation values of birth weight were 2863.5±464.0 g,
2632.2±304.3 g and 2607.0±271.1 g in normal, suspected sepsis and proven sepsis groups, respectively.
Gestational age in these groups was 38.30±1.4 weeks,
38.1±1.0 weeks and 37.8±1.0 weeks, respectively.
There was no statistically significant difference
between groups. Their baseline characteristics are
shown in Table 1.

Data have been summarized by routine descriptive
statistics, namely mean and standard deviation for
numerical variables that were normally distributed.
Numerical variables were compared between groups by
one way analysis of variance (ANOVA), followed by an
appropriate post hoc test. Fisher’s exact test or
Pearson’s chi-square test was employed for intergroup
comparison of categorical variables. SPSS Statistics version 17 (SPSS Inc., 2008, Chicago, IL, USA) was used
for analysis.

The organisms identified among 20 culture positive
patients were Klebsiella (9), Acinetobacter (3), E. coli
(2), Pseudomonas (2), Enterococcus (2), and
Staphylococcus aureus (2). Mean ± standard deviation values of leukocyte count, absolute neutrophil count,
immature to total neutrophil ratio, erythrocyte sedimentation rate and C-reactive protein levels in sepsis
group were 10668.8±7224.9/mm3, 6007.6±5397.9/
mm3, 0.24±0.16, 13.0±5.8 mm in first hour, 2.2±1.7
mg/dl respectively.

Table 1. Baseline characteristics of three groups.
Normal
Total number
Type of sepsis

20
Early onset
Late onset

Birth weight (g)

2863.5±464.0

Gestational age (weeks)
Sex

Mode of delivery

0

Culture negative sepsis

Culture positive sepsis

20

20

10 (50%)

11 (55%)

p-value

10 (50%)

09 (45%)

2632.2±304.3

2607.0±271.1

0.079
0.463

38.3±1.4

38.1±1.0

37.8±1.0

Male

13 (65.0%)

15 (75.0%)

16 (80.0%)

Female

7 (35.0%)

5 (25.0%)

4 (20.0%)

Normal

12 (60.0%)

8 (40.0%)

10 (50.0%)

Cesarean section

8 (40.0%)

12 (60.0%)

10 (50.0%)
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Table 2. Comparison of biomarker levels between three study groups.

Normal

Suspected
sepsis

Proven
sepsis

p-value for
overall
comparison

p-value for
normal vs.
suspected

p-value for
normal vs.
proven

p-value for
suspected vs.
proven

TNFα (pg/ml)

39.7±21.5

70.8±26.4

68.4±26.2

<0.001

0.01

0.002

0.948

IL1β (pg/ml)

34.6±20.9

53.5±23.5

62.0±33.7

0.006

0.073

0.005

0.575

IL6 (pg/ml)

44.4±33.0

185.0±166.1

224.2±174.1

<0.001

0.007

<0.001

0.652

Values of TNFα, IL1β and IL6 in different groups
were illustrated in Table 2 and Fig. 1. Irrespective of
blood culture report, there was statistically significant
difference in the levels of all 3 cytokines between sepsis
group and normal newborns (p<0.05). However, there
was no statistically significant difference of plasma
cytokine levels between suspected and proven sepsis
groups (p>0.05).

and 0.899, respectively for TNFα, IL1β and IL6.
Criterion value assessed from ROC curve were >36.8
pg/ml for TNFα (sensitivity 95%, specificity 55%),
>56.5 pg/ml (sensitivity 50%, specificity 95%) for IL1β
and >61.8 pg/ml (sensitivity 80%, specificity 85%) for
IL6. Thus only IL6 offered satisfactory sensitivity and
specificity towards diagnosing sepsis in the newborns
(Table 3 and Fig. 2).

Utility of each of the biomarkers to diagnose sepsis
(both suspected and proven) assessed by ROC analysis
showed area under the curve (AUC) to be 0.814, 0.740

Fig. 1. Bar diagram showing mean difference in biomarkers between normal newborns and newborns with sepsis.

Fig. 2. ROC curve of three cytokines with reference line.

Table 3. Receiver operating characteristic (ROC) curve analysis to show performance of three biomarkers in diagnosing neonatal sepsis.

Area under the ROC curve (AUC) with 95% CI
Criterion (cut-off) value (pg/ml)

α
TNFα

β
IL1β

IL6

0.814 (0.692 to 0.903)

0.740 (0.611 to 0.845)

0.899 (0.793 to 0.962)

>36.8

>56.5

>61.8

Sensitivity (%) with 95% CI

95.0 (83.1 to 99.4)

50.0 (33.8 to 66.2)

80.0 (64.4 to 90.9)

Specificity (%) with 95% CI

55.0 (31.5 to 76.9)

95.0 (75.1 to 99.9)

85.0 (62.1 to 96.8)
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Table 4. Values of biomarkers in different outcome groups.
Disease severity assessed by SNAP II score
≥40 indicates severe sepsis)
SNAP II score (≥

Survival/mortality

Severe sepsis
(n=15)

Non-severe sepsis
(n=25)

p- value

Survived
(n=16)

Not survived
(n=24)

p- value

TNFα (pg/ml)

72.2±22.9

65.3±30.8

0.427

72.1±23.2

65.9±30.1

0.465

IL1β (pg/ml)

49.8±22.3

62.5±31.8

0.181

62.6±31.0

50.4±24.9

0.195

IL6 (pg/ml)

237.6±194.5

184.8±152.8

0.345

188.6±155.5

228.7±190.4

0.470

There were no statistically significant differences in
any of the biomarkers’ levels between severe sepsis and
non-severe sepsis groups. There were also no statistically significant findings in relation to any of the three biomarkers with respect to mortality prediction (Table 4).

Discussion
In our study we found that values of all 3 biomarkers
namely TNFα, IL1β and IL6, were significantly high
in neonate with sepsis as compared to healthy ones.
IL6 was found to have diagnostic ability for neonatal
sepsis with reasonable sensitivity and specificity.
However, none of the biomarkers were able to prognosticate sepsis severity in terms of treatment support
and mortality.
Studies from different part of the world have shown
some important role of these biomarkers in diagnosis
of neonatal sepsis, but there is non-uniformity in sensitivity, specificity and cut off values between studies.
In a recent meta-analysis on TNFα as a diagnostic
marker of neonatal sepsis by Bokun et al.,[11] has reported that studies done in Northern hemisphere had a
pooled sensitivity of 84.0% and specificity was 83.3%
while that for Southern hemisphere was 68.0% and
88.5% respectively for diagnosis of late onset neonatal
sepsis. For diagnosis of early onset sepsis pooled sensitivity was 66.1% and specificity 75.6%.[11] In our study
we have found TNFα had 95% sensitivity and 55%
specificity to diagnose neonatal sepsis irrespective of
type of sepsis.
Atici et al.[23] in their study found that IL1β level
diminishes in neonatal sepsis while in other studies it
was elevated.[14,24] IL1β was found to have a sensitivity of
27% and specificity of 70% to diagnose neonatal sepsis in the study by Ayazi et al.[24] On the other hand we

found that IL1β levels increased in neonatal sepsis with
sensitivity of 50% and specificity of 95%.
IL6 has been the most extensively studied interleukin till date. It has sensitivity of 71–100% and specificity of 47–95% to diagnose neonatal sepsis in different studies with different cut off values (10–100
pg/ml).[12] IL6 has a very short half-life and hence, it
shows decline in sensitivity within 24–48 hours.[25]
Some studies that have explored both TNFα and IL6
showed that, as a single biomarker diagnostic tool,
TNFα was better than IL6.[17,26] TNFα has showed
60% sensitivity and 100% specificity, in combination
with IL6 levels, for the diagnosis of sepsis in study by
Debont et al.[27] In our study, we found a good sensitivity for TNFα but with a low specificity, while IL1β had
a good specificity but with poor sensitivity. IL6 was
found to have reasonable sensitivity (80%) and specificity (86%) with maximum AUC (0.899). So it may be
considered as the best single biomarker among the
three for diagnosis of neonatal sepsis.
There are few studies that have highlighted the
prognostic relation of elevations of these biomarkers
and severity of sepsis. Girardin et al.[16] had shown that
serum TNFα levels may have a direct correlation with
the severity of sepsis and the mortality rate during the
development of sepsis in newborns at risk for infections. Studies on adults with sepsis have shown increasing IL6 level to be associated with higher mortality
rates.[28] Even after extensive search of published literature, no data on prognostic value of IL1β could be
found. However, our analysis of newborns with sepsis
did not reveal any relation of elevated biomarker levels
with severity of sepsis.
Previous studies have demonstrated difference in
level of biomarkers in acute and post-acute phase, and
also with treatment.[14,29] However, ours being a cross
Volume 29 | Issue 3 | December 2021
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sectional study where serial measurements were not
carried out, and therefore changes in the level of biomarkers with course of disease were not identified.
Although prematurity and small for gestational age
(SGA) are known risk factors for neonatal sepsis, they
were not included in the study for the possibility of
variation in biomarkers’ levels in these risk factors. As
this study was done only among term AGA babies, the
role of these biomarkers among preterm and small for
gestational age newborns are not determined. Further
study in these groups of neonate is needed, as they are
more vulnerable population.

Conclusion
Although TNFα, IL1β and IL6 were not able to prognosticate neonatal sepsis, they had a good role in diagnosis of neonatal sepsis among term appropriate for
gestational age neonates. All these biomarkers were
significantly elevated in neonatal sepsis and IL6 may
have diagnostic utility with reasonable sensitivity
(80%) and specificity (85%).
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Abstract

Özet: Gebelerin COVID-19’a yönelik bilgi, tutum ve
davran›ﬂlar›: Tek merkezli kesitsel çal›ﬂma

Objective: Our aim is to assess the knowledge, attitude, and behaviors of pregnant women about COVID-19.
Methods: This cross-sectional survey study was performed on pregnant women in their second and third trimesters between
November–December 2020. The participants completed a questionnaire consisting of 5 parts. Demographic data of pregnant women,
their knowledge, attitude, and risk perceptions toward COVID-19,
their practices and worries about COVID-19, and what they knew
about pregnancy were calculated as percentile and mean values.
Results: A total of 1011 participants were included in the statistical
analysis. The mean age and BMI of the participants were 27.09±5.55
and 27.48±4.71 kg/m2, respectively. Mean gestational age and parity
were 26.20±9.30 and 1.47±1.19, respectively. Measures taken by
authorities for COVID-19 were thought to be “extremely adequate”
by 21.4% of the participants and “highly adequate” by 30%. Of the
participants, 47.5% trusted healthcare professionals extremely in
fighting against the COVID-19 pandemic. Affection and respect for
healthcare professionals during the pandemic increased in 89.1% of
the participants. Of the participants, 88.5% stated that they would
follow the strict quarantine requirements when necessary and 48.3%
felt more vulnerable/weak as they were pregnant during the pandemic. Of the participants, 50.6% were intending to decrease their
antenatal visits during the COVID-19 pandemic.
Conclusion: The measures taken can be applied with high awareness of COVID-19. Sufficient training, in that case, can be done
through communication routes such as information and public
service announcements.

Amaç: Amac›m›z, gebelerin COVID-19’a yönelik bilgilerini, tutumlar›n› ve davran›ﬂlar›n› de¤erlendirmektir.
Yöntem: Bu kesitsel anket çal›ﬂmas›, Kas›m–Aral›k 2020 tarihleri
aras›nda ikinci ve üçüncü trimesterlerinde olan gebelerle gerçekleﬂtirildi. Kat›l›mc›lar 5 bölümden oluﬂan bir anketi yan›tlad›. Gebelerin demografik verileri, COVID-19’a yönelik bilgileri, tutumlar› ve
risk alg›lar›, COVID-19’a iliﬂkin uygulamalar› ve endiﬂeleri ile gebelik hakk›ndaki bilgileri, persantil ve ortalama de¤er olarak hesapland›.
Bulgular: ‹statistiksel analize toplam 1011 kat›l›mc› dahil edildi.
Kat›l›mc›lar›n ortalama yaﬂ› ve VK‹ de¤erleri s›ras›yla 27.09±5.55
ve 27.48±4.71 kg/m2 idi. Ortalama gestasyonel yaﬂ ve parite ise s›ras›yla 26.20±9.30 ve 1.47±1.19’du. Yetkililerin ald›¤› COVID-19
tedbirleri, kat›l›mc›lar›n %21.4’ü taraf›ndan “son derece yeterli”,
%30’u taraf›ndan ise “yüksek derecede yeterli” bulundu. Kat›l›mc›lar›n %47.5’i, COVID-19 pandemisiyle mücadelede sa¤l›k çal›ﬂanlar›na son derece güvendi¤ini belirtti. Pandemi sürecinde sa¤l›k çal›ﬂanlar›na ilgi ve sayg›, kat›l›mc›lar›n %89.1’inde artt›. Kat›l›mc›lar›n %88.5’i gerekti¤inde kat› karantina kurallar›na uyaca¤›n› belirtirken, %48.3’ü ise pandemi s›ras›nda hamile olduklar›ndan daha
savunmas›z/zay›f olduklar›n› hissetti. Kat›l›mc›lar›n %50.6’s› COVID-19 pandemisi boyunca antenatal ziyaretlerini azaltmay› planl›yordu.
Sonuç: Al›nan tedbirler, yüksek COVID-19 fark›ndal›¤› ile uygulanabilir. Bu durumda, bilgilendirme ve kamu spotlar› gibi iletiﬂim
yöntemleriyle yeterli e¤itim sa¤lanabilir.

Keywords: COVID-19, awareness, attitude, knowledge, coronavirus.

Anahtar sözcükler: COVID-19, fark›ndal›k, tutum, bilgi, koronavirüs.

Introduction
A novel coronavirus (nCoV) that has recently been
detected is called “SARS-CoV-2”, and causes “2019
coronavirus disease (COVID-19)”.[1] The clinical course

of COVID-19 may range from an asymptomatic course
or mild respiratory symptoms to death.[1]
COVID-19 is an infectious disease caused by a novel
coronavirus family with a clinical course that has not
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been completely defined for the elderly and immunosuppressive populations including, especially pregnant
women.[2] Previous experiences with pregnant women
during influenza, H1N1, SARS, and MERS pandemics
caused significant concerns about the course of COVID19 in obstetrics. These previous infections caused more
severe disease courses with increased ICU admission and
case-fatality rates in pregnant women compared to the
general population.[2,3] Some authors report that the pregnant population and general population have similar
mortality and morbidity rates.[4]
Awareness, attitudes, and level of knowledge have
been studied in several previous outbreaks such as swine
flu,[5] MERS,[6] and Dengue fever.[7] It was revealed that
higher awareness of these diseases is also effective in controlling the spread of these viruses in addition to positive
attitudes and behaviors toward these diseases. Although
the information about maternal, fetal, and clinical results
of COVID-19 in pregnant women is still inconsistent,
these outbreaks negatively affect the mental health of
pregnant women as far as we know from previous outbreaks.[8] These mental effects may be important of the
clinical ones in those patients with mild-moderate symptoms or asymptomatic.[8]
Due to the rapid spread of COVID-19, strict measures have been taken and some restrictions have been set
in many countries. Pregnant women have mentally been
affected by these measures taken and restrictions put to
prevent the spread of COVID-19. It is also emphasized
in the guideline published by the Royal College of
Obstetricians and Gynecologists that the COVID-19
pandemic increases the risk of perinatal anxiety, depression, and domestic violence, and therefore, it is very
important to support pregnant women psychologically.[9]
Therefore, this study aimed to assess the knowledge,
attitude, and behaviors of pregnant women about
COVID-19, measure their level of awareness and knowledge on prevention of the COVID-19, and help all
authorized people in charge of controlling the pandemic
to obtain evidence-based data.

Methods
This cross-sectional questionnaire study was performed
in a secondary care hospital between the 15th of
November 2020 and the 15th of December 2020.
Informed consent forms of all participants were

obtained. The study was approved by the local institutional administration board (Number: 2020-0922T14_07_53). All procedures of the study were in compliance with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards and the
ethical standards of the institutional and/or national
research committee. The inclusion criteria were being in
the second and third trimesters with a healthy pregnancy
and being admitted to the pregnancy outpatient clinic of
the hospital. The exclusion criteria were having signs or
symptoms of COVID-19, being among those whose
labor began or who were suspected of birth, those who
had to be hospitalized due to an obstetric reason, and
those with an available or pre-existing psychiatric disorder. In addition, the pregnant women who did not want
to participate in the study, those younger than 18, and
those in the first trimester of the pregnancy were also
excluded from the study. The study was prospectively
performed and approved by the Ethics Committee of
Hatay Mustafa Kemal University Faculty of Medicine
(Ethics Committee Number: 2020/15). After the related
literature was reviewed by the researchers, a questionnaire consisting of 5 parts was prepared for the patients.
The participants were informed and the aim of the study
was explained in detail before interviews.
The questionnaire applied to the participants consisted of 5 parts. The demographical data of the participants
were questioned in the first part. The second part questioned the “knowledge on Covid-19” of the pregnant
women with a total of 9 questions. The third part questioned the “attitudes and risk perceptions of pregnant
women on Covid-19” with 7 questions, and the responses were recorded as “yes”, “no”, and “I do not know”. In
the fourth part of the questionnaire, the “practices of the
pregnant women on Covid-19” were evaluated with 8
questions, and the responses were recorded as “always”,
“often”,” sometimes”, “rarely”, and “never”. In the 5th
and final part of the questionnaire, the “concerns and
knowledge of the pregnant women on Covid-19” were
evaluated. The responses were evaluated with 8 questions as “yes”, “no”, and “I do not know”. The participants anonymously completed the questionnaires within
2–3 minutes on average.
Data collected through the questionnaires were analyzed with SPSS 20.0 (Statistical Package for the Social
Sciences Inc.; Chicago, IL, USA) software program.
Statistical assessment was expressed as mean ± standard
deviation (mean ± SD) and count (percentage).
Volume 29 | Issue 3 | December 2021

187

Turan G, Kul G, Turgut E

Results
Participants who were admitted to the maternity outpatient clinic of a secondary care hospital between the 15th
of November 2020 and 15th of December 2020 and who
met the inclusion criteria were included in the study.
Out of 1195 participants, 139 women were not able to
understand and speak the Turkish language well due to
their recent immigration. In addition to those, participants who had adolescent pregnancy (n=14), those who
could not adequately complete their questionnaires
(n=19), 4 pregnant women with psychiatric disease, and
9 women who were hospitalized due to delivery were
excluded. As a result, a total of 1011 participants were
included in the statistical analysis.
Sociodemographic characteristics
Sociodemographic data of the participants are listed in
Table 1. The mean age and BMI of the participants
were 27.09±5.55 years and 27.48±4.71 kg/m2 respectively. Mean gestational age (the gestational age when the
questionnaire was completed) and parity were
26.20±9.30 and 1.47±1.19 respectively. 92.7% of the
participants were uneducated, the total household
income was low at 73%, middle at 19.88%, and high at
Table 1. Sociodemographic characteristics of the participants (n=1011).
Demographic data
Age (years)*

27.09±5.55

Pregnancy*

2.77±1.47

Parity*

1.47±1.19

Abortion*

0.41±0.75

Gestational week (mean gestational week
when the questionnaire was completed)*
BMI (kg/m2)*
Occupation†

Education†

Income†

26.20±9.30
(range 13–41)
27.48±4.71

Housewife

58 (5.7%)

Unemployed

86 (8.51%)

Part-time employee

217 (21.46%)

Full-time employee

646 (63.9%)

Other

4 (0.4%)

None

938 (92.7%)

Primary and secondary

30 (2.9%)

High

15 (1.4%)

University

4 (2.1%)

Master’s degree-Doctorate

6 (0.5%)

Low (Less than minimum wage)

738 (73.00%)

Middle (Minimum wage - 4000 TL)

201 (19.88%)

High (More than 4000 TL)

72 (7.12%)

*Values were expressed as mean±standard deviation. †Values were calculated as n and %.
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7.12%. While 8.5% were unemployed, 5.7% were
housewives.
Knowledge of the pregnant women about COVID-19
The responses of the pregnant women about their
knowledge of COVID-19 are shown in Table 2.
Table 2. Knowledge of pregnant women about COVID-19 (n=1011).
n (%)
Is it possible that an asymptomatic person is COVID-19 positive?
Yes
125 (12.35%)
No
170 (16.80%)
I don’t know
717 (70.85%)
How many days do pass it to show up the symptoms after being
infected with COVID-19?
One day
15 (1.48%)
Two days
32 (3.16%)
Three days
147 (14.43%)
Five days
145 (14.23%)
Seven days
673 (66.40%)
What are the routes of transmission for COVID-19?*
Through close contact
996 (98.51%)
Through blood
17 (1.68%)
I don’t know
101 (9.99%)
What are the routes of transmission for COVID-19?*
High fever
828 (81.89%)
Cough
229 (22.65%)
Loss of smell-taste
174 (17.21%)
Diarrhea
101 (9.99%)
Bleeding
10 (0.98%)
I don’t know
120 (11.86%)
Who are at higher risk of death among those infected with
COVID-19?*
Those with diabetes
298 (29.47%)
Patients with high blood pressure
192 (18.99%)
Pregnant women
76 (7.51%)
Children
232 (22.94%)
Everyone
324 (32.04%)
I don’t know
220 (21.76)
What is the minimum duration for proper hand washing?
Less than 5 seconds
52 (5.0%)
Less than 15 seconds
87 (8.5%)
At least 20 seconds
746 (73.7%)
There is no specific time.
126 (12.4%)
How long can you wear a face mask?
Less than 1 hour
All the time when I am outside
Whole day
I can’t stand walking around with a mask

90
789
106
26

How do you wear a face mask properly?
Nose and mouth are covered.
Only mouth is covered.

1000 (98.9%)
11 (1.08%)

Is flu vaccine preventive against COVID-19?
Yes
No
I don’t know

192 (18.97%)
285 (28.06%)
534 (52.67%)

*More than one option was chosen.

(8.7%)
(77.7%)
(10.5%)
(2.6%)
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According to these results, the question “Is it possible that
an asymptomatic person is COVID-19 positive?” was
answered as “yes” by 12.3% (n=125) of the participants,
“no” by 16.8% (n=170), and “I don’t know” by 70.8%
(n=717). The question “What are the transmission routes
of COVID-19?”, in which more than one option could
be chosen, was answered as “through close contact” by
98.5% (n=966) of the participants, “through blood” by
1.6% (n=17), and “I don’t know” by 9.9% (n=101). While
the question “What are the signs to go to the hospital for
COVID-19?” was answered as “high fever” by 81.8%
(n=828) of the participants, the question “What is the
minimum duration for proper hand-washing?” was
answered as “at least 20 seconds” by 73.7% (n=746).

(n=440) of the participants, the question “Do you think
you adequately take measures against COVID-19?” was
answered as “highly” by 36.4% (n=369), and the question “Do you trust in the healthcare professionals in
fighting against COVID-19 pandemic?” was answered
as “extremely” by 47.5% (n=481). While the question
“Have your affection and respect for frontline healthcare
professionals increased during COVID-19 pandemic?”
was answered as “yes” by 89.1% (n=902) of the participants, the question “Would you follow the strict requirements if you were asked to be self-quarantined?” was
answered as “yes” by 88.5% (n=896).
Practices of the pregnant women about COVID-19
Practices of pregnant women about COVID-19 are listed in Table 4. The question “How often do you wash
or disinfect your hands?” was answered as “always” by
45.4% (n=459). The question “How often do you use a
face mask, tissue, or your elbow while sneezing, coughing, or nose flow?” was answered as “always” by 67%
(n=678) of the participants. Of the participants, 42.6%
(n=432) answered the question “How often do you keep
the distance of at least 1–1.5 m from others?” as “always”
and 46.5% (n=471) answered the question “How often
do you follow the news about COVID-19?” as “always”.

Attitudes and risk perceptions of the pregnant
women toward COVID-19
Attitudes and risk perceptions of the pregnant women
toward COVID-19 are listed in Table 3. The question
“Do you think the authorities take measures for coronavirus pandemic?” was answered as “extremely” by
21.4% (n=217) of the participants, “highly” by 30%
(n=304), and “none at all” by 5.7% (n=58). The question
“How much are you afraid of being infected with
COVID-19?” was answered as “extremely” by 43.4%

Table 3. Attitudes and risk perceptions of pregnant women toward COVID-19 (n=1011).
Extremely

Highly

Moderately

Low

Very Low

None at all

To what extent are the preventive measures
against COVID-19 observed in the society?

155 (15.3%)

190 (8.9%)

397 (39.2%)

133 (13.1%)

101 (9.9%)

42 (3.8%)

Do you think the authorities take measures for
COVID-19 pandemic?

217 (21.4%)

304 (30%)

315 (31.1%)

90 (8.8%)

28 (2.7%)

58 (5.7%)

How much are you afraid of being infected
with COVID-19?

440 (43.4%)

256 (25.3%)

218 (21.5%)

42 (4.1%)

31 (2.9%)

24 (2.2%)

Do you think you adequately take measures
against COVID-19?

319 (31.2%)

369 (36.4%)

256 (25.3%)

35 (3.4%)

5 (0.4%)

27 (2.6%)

Do you think to what extent COVID-19 is a
dangerous and fatal disease?

502 (49.6%)

320 (31.6%)

121 (11.9%)

21 (2.0%)

3 (0.3%)

45 (4.4%)

Do you trust in the healthcare professionals in
fighting against COVID-19 pandemic?

481 (47.5%)

314 (31.0%)

153 (15.1%)

37 (3.6%)

3 (0.3%)

24 (2.3%)

Yes

No

I do not know

Have your affection and respect for frontline
healthcare professionals increased during
COVID-19 pandemic?

902 (89.1%)

49 (4.8%)

61 (6.0%)

Would you follow the strict requirements if you
were asked to be self-quarantined?

896 (88.5%)

53 (5.2%)

63 (6.2%)

Did you start any vitamin or nutritional/dietary
supplement due to COVID-19 pandemic?

230 (22.75%)

707 (69.93%)

74 (7.32%)
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Table 4. Practices of pregnant women about COVID-19 (n=1011).
Always

Often

Sometimes

Rarely

Never

How often do you wash or disinfect your hands?

459 (45.4%)

510 (50.1%)

33 (2.9%)

9 (0.5%)

0 (0%)

How often do you avoid touching your face and
eyes with unwashed hands?

487 (48.1%)

292 (28.8%)

129 (12.7%)

46 (4.5%)

57 (5.6%)

How often do you wear a face mask?

528 (52.2%)

308 (30.3%)

136 (13.3%)

30 (2.8%)

9 (0.8%)

How often do you use face mask, tissue or your elbow
while sneezing, coughing or nose flow?

678 (67.0%)

3 (0.3%)

217 (21.4%)

78 (7.7%)

29 (2.8%)

How often do you regularly disinfect your personal
objects and the surfaces of floor?

471 (46.4%)

383 (37.8%)

107 (10.4%)

28 (2.7%)

22 (2.1%)

How often do you handshake with others?

23 (2.2%)

22 (2.17%)

82 (8.10%)

210 (20.7%)

678 (67.0%)

How often do you kiss others?

9 (0.8%)

3 (0.3%)

78 (7.8%)

243 (24.0%)

678 (67.0%)

How often do you keep the distance of at least
1–1.5 m from others?

432 (42.6%)

263 (25.8%)

116 (11.4%)

121 (11.8%)

79 (7.8%)

How often do you follow the news about COVID-19?

471 (46.5%)

244 (24.1%)

213 (21.0%)

59 (5.8%)

22 (2.1%)

Worries of the pregnant women about COVID-19
pandemic and their knowledge on pregnancy
Worries of the pregnant women about the COVID-19
pandemic and their knowledge on pregnancy are listed
in Table 5. While the question “Do you feel yourself
more vulnerable/weak as you are pregnant during the
pandemic?” was answered as “yes” by 48.3% (n=489).
The question “Do you intend to decrease your antenatal
visits during the COVID-19 pandemic?” was answered
as “yes” by 50.6% (n=512) of the participants.
The question “Do you think your baby may be
infected after birth?” was answered as “yes” by 39.4%
(n=401) of the participants. The question “Do you think
you may be infected just after delivery or during delivery?” was answered as “yes” by 32.5% (n=329) of the
participants and the question “Do you think breastfeeding is safe during COVID-19 pandemic?” was answered

as “yes” by 70.4% (n=715). The question “Do you think
of changing your delivery method (cesarean or vaginal
delivery) due to COVID-19?” was answered as “no” by
56.6% (n=572), and the question “Do you think
COVID-19 will cause disability in your child?” was
answered as “I don’t know” by 71.8% (n=727). In addition, the question “Do you think COVID-19 will cause
preterm delivery?” was answered as “I don’t know” by
70.5% (n=714) of the participants.

Discussion
This study aimed to assess the pregnant women’s level
of awareness, knowledge, behavior, and attitude
toward COVID-19 disease. The following conclusions
were made as a result of the study: (1) Affection and
respect of the pregnant women for healthcare profes-

Table 5. Worries of pregnant women about COVID-19 and their knowledge on pregnancy (n=1011).
Yes

No

Do you feel yourself more vulnerable/weak as you are pregnant during the pandemic?

489 (48.3%)

389 (38.4%)

134 (13.2%)

Do you intend decreasing your antenatal visits during COVID-19 pandemic?

512 (50.6%)

273 (27%)

226 (22.3%)

Do you continuously think you are infected with COVID-19?

764 (75.4%)

121 (11.9%)

126 (12.3%)

Do you think your baby may be infected after birth?

401 (39.4%)

303 (29.7%)

308 (30.2%)

Do you think you may be infected just after delivery or during delivery?

329 (32.5%)

312 (30.7%)

370 (36.4%)

Do you think breastfeeding is safe during COVID-19 pandemic?

715 (70.4%)

80 (7.9%)

214 (21.0%)

Do you think of changing your delivery method (cesarean or vaginal delivery) due to COVID-19?

124 (12.2%)

572 (56.6%)

313 (31.0%)

33 (3.2%)

252 (24.9%)

727 (71.8%)

147 (14.4%)

150 (14.7%)

714 (70.5%)

Do you think COVID-19 will cause disability in your child?
Do you think COVID-19 will cause preterm delivery?
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I do not know
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sionals increased and they had a positive attitude during the COVID-19 pandemic, (2) Their worries and
anxiety about the COVID-19 pandemic were high, and
(3) Most of them had lack of knowledge on how their
pregnancy processes would be affected and how their
baby would be affected by COVID-19 after birth.
Moreover, it was concluded that about half of the participants followed the requirements of quarantine, and
mask, distance, and hygiene rules.
The clinical course of COVID-19 in pregnant
women has not yet been fully understood; however,
according to the recommendations of WAPM-World
Association of Perinatal Medicine, including both highincome and low-to middle-income countries, and it
seems that maternal mortality rates have not increased
much in COVID-19 so far unlike in previous H1N1 and
SARS pandemics; however, we recommend to be cautious in calculating estimates of attributable risk with
pregnancy.[10,11] In the INTERCOVID Multinational
Cohort Study, which was conducted with the participation of 18 countries, it was reported that COVID-19 was
associated with consistent and substantial increases in
severe maternal morbidity and mortality and neonatal
complications during pregnancy.[12] Understanding the
knowledge of a specific population such as pregnant
women about COVID-19 can be an important tool in
developing and applying training strategies and interventions about COVID-19 in the future. The results of
this study represent the general knowledge of a group of
pregnant women in Turkey about the COVID-19 pandemic and the effects of this pandemic on pregnancy.
It was reported in a study in Turkey that pregnant
women trusted the authorities (65%) and healthcare
professionals (92.4%) in fighting against the pandemic
and that their respect for these people increased (82.5%)
during the pandemic.[13] Similarly, while the trust in
healthcare professionals was found “very high/extreme”
by 47.5% and “high” by 31%, the affection and respect
for healthcare professionals increased in 89.1% of the
participants in our study. Recent violence tendency
toward healthcare professionals is a critical world problem and this condition causes loss of performance and
motivation in healthcare professionals. Observing that
emotional bonds between patients and healthcare professionals are strengthening in such a period with high
anxiety and tension level like pandemic is a very important and pleasing result. Similarly, about 61.4% (21.4%
extremely and 30% highly) of the participants stated that

authorities took adequate measures against COVID-19
and 88.5% stated that they would be in cooperation with
the authorities by self-quarantining when necessary.
In a recent cohort study in China, an increase in the
prevalence of perinatal depression due to the pandemic has been reported,[14] and according to the study,
pregnant women are more sensitive to panic conditions
regarding the general population and masses. Although
our study is not the one determining the anxiety levels,
almost half (48.3%) of the participants stated that they
felt more vulnerable and weaker as they were pregnant
during the pandemic. This is consistent with the
increasing anxiety levels and sensitivity to panic conditions in pregnant women. In a study on the H1N1 pandemic in 2013, the group who was the most afraid of
being infected included pregnant women and parents
with a little child.[15]
In a survey study assessing knowledge and attitudes
of pregnant women about COVID-19 in Iran,
although most of the participants were moderately
worried about being infected with COVID-19, about
half of them stated that they were mostly worried that
their babies would be infected with COVID-19 after
birth and two-third of the participants stated that they
were worried that their babies would die due to
COVID-19.[16] It was reported in another study in
Turkey that less than half of the pregnant participants
had this concern.[13] In our study, although 39.4% of
the participants were worried that their baby would be
infected after birth, 30.2% had no idea about that issue.
Although 24.9% of the participants thought COVID19 would not cause disability in their babies 71.8% had
no idea about this issue. These high anxiety levels of
the pregnant women about their babies may be because
of the limited data about the effects of COVID-19 on
newborns. It was reported in the study in Iran that
most of the pregnant women decreased or ended their
routine antenatal follow-ups due to these concerns.[16]
Similarly, it was reported in a study in Shanghai that
pregnant women were willing to decrease their antenatal visits, especially in the second trimester.[17]
However, it has been reported that a decrease in antenatal follow-ups due to the concern of COVID-19 may
increase negative pregnancy outcomes and it has been
emphasized that healthcare professionals must be careful about this issue.[18] It has also been reported that
there may be delays in early detections of the fetus with
anomaly and therefore, the healthcare professionals
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must be careful that the legal period of abortions may
expire in that case.[16] Similarly, 50.6% of the pregnant
women intended to decrease their antenatal visits due
to COVID-19 in our study.
As a result of this study, general knowledge and
awareness of COVID-19 were found to be at considerably high rates. It has been found in questionnaires
assessing knowledge, attitude, and behaviors toward
COVID-19 in different countries such as Nigeria,
China, the United States of America and Bangladesh
that pregnant women have reasonable knowledge of
COVID-19.[19–21] This may be because all the world is
on alert against the pandemic, governments are in
cooperation with their citizens, showing maximum
effort to prevent the pandemic, and social media tools
inform and train masses with various methods.
However, we cannot generalize this consciousness
level because contrary views have also been reported in
the literature; and in a study in Thailand, 74.1% of the
women had a lack of knowledge on COVID-19.[22]
Although the rate of correct answers to the transmission routes of COVID-19 in questionnaires in the
literature was 80% in a study in Iran[16] and 82.3% in
Bangladeshi women,[20] it was 98.51% in our study,
which is consistent with the findings in the literature.
In the same study in Iran, the rate of knowledge on the
symptoms of COVID-19 was reasonably high.[16] This
level of knowledge was also reasonably high in our
study (81.89%, 22.65%, and 17.21% for high fever,
cough, and loss of smell-taste, respectively). In some
studies, high levels of knowledge and awareness on
COVID-19 were associated with living in urban
regions, receiving higher education, and having an
occupation.[21] Although 92.7% of the participants in
our study were uneducated and 73% had low incomes,
the level of knowledge and awareness was high. These
differences among studies may be due to the policies of
countries to prevent COVID-19.
The main limitations of this study were that it was
a cross-sectional study and that it was performed in a
secondary care hospital. In addition, it was performed
in a single city in Turkey, and therefore, it cannot be
generalized for the whole country. The pregnant
women who were in their first 12 weeks and who did
not have the adequate mental maturity to answer the
questions about birth such as preterm delivery or
breastfeeding according to us were not included in the
study. However, we believe this study that was per-
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formed with a large number of participants will help
pregnant women to realize that they need good counseling to mentally have a more comfortable pregnancy
during the pandemic and to anticipate their needs in
this regard.

Conclusion
In conclusion, pregnant women’s level of knowledge,
attitude, and awareness of COVID-19 were high in
this study. They also had anxiety and worries about
their babies. Moreover, affection, respect, and positive
attitudes of pregnant women toward healthcare professionals and authorities increased. The cooperation of
administrators, healthcare professionals, and patients is
quite important in fighting against the pandemic. The
measures taken can be applied with high awareness of
COVID-19. Sufficient training, in that case, can be
done through communication routes such as information and public service announcements.
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Abstract

Özet: Gebelikte demir eksikli¤i anemisinin tedavisinde
oral demire karﬂ› intravenöz ferrik karboksimaltoz:
Retrospektif çal›ﬂma

Objective: Pregnant women with iron deficiency and severe anemia
are at increased risk of preterm delivery, prematurity, and small for
gestational age. Increased iron requirement necessitates iron
replacement during pregnancy. While oral iron supplements are the
common first choice, up to two-thirds of women experience doselimiting gastrointestinal side effects. Hence, intravenous iron can be
an alternative method for iron replacement. We aimed to compare
women who were given oral iron with women who received ferric
carboxymaltose during pregnancy with regard to change in hemoglobin (Hb) and hematocrit (Hct) levels, mean corpuscular volume
(MCV), weight gain during pregnancy, gestational age at birth,
delivery method and birthweight.

Amaç: Demir eksikli¤i ve ﬂiddetli anemisi olan gebeler, preterm do¤um, prematürite ve gebelik haftas›na göre küçük olma yönünden
artm›ﬂ risk alt›ndad›r. Artm›ﬂ demir gereksinimi, gebelikte demir
replasman›n› gerekli k›lmaktad›r. Oral demir takviyeleri yayg›n ilk
tercihken, kad›nlar›n üçte ikisine kadar olan k›sm› doz s›n›rlay›c› gastrointestinal yan etkiler yaﬂamaktad›r. Bu nedenle, demir replasman› için intravenöz demir alternatif bir yöntem olabilir. Çal›ﬂmam›zda, hemoglobin (Hb) ve hematokrit (Hct) seviyelerinde de¤iﬂim, ortalama eritrosit hacmi (MCV), gebelikte kilo alma, do¤umda gestasyonel yaﬂ, do¤um yöntemi ve do¤um a¤›rl›¤› yönünden gebelik süresince oral demir alan kad›nlarla ferrik karboksimaltoz alan kad›nlar› karﬂ›laﬂt›rmay› amaçlad›k.

Methods: A total of 120 pregnant women, 60 in the oral iron group
and 60 in the ferric carboxymaltose group were included in this retrospective study. All pregnant women underwent a baseline measurement for Hb, MCV, and Hct levels at their first antepartum care visit
in the first trimester. Women in the oral iron group were started supplementation between the 16 and 20 weeks of gestation. Women in
the ferric carboxymaltose group underwent 1000 mg of iron infusion
between 20 and 28 weeks of gestation.

Yöntem: Bu retrospektif çal›ﬂmaya, altm›ﬂ› oral demir grubu ve altm›ﬂ› ferrik karboksimaltoz grubunda olmak üzere toplam 120 gebe
dahil edildi. Tüm gebelere, birinci trimesterdeki ilk antepartum bak›m ziyaretlerinde Hb, MCV ve Hct seviyeleri için referans ölçümü yap›ld›. Oral demir grubundaki kad›nlara 16. ve 20. gebelik haftalar› aras›nda takviye baﬂland›. Ferrik karboksimaltoz grubundaki
kad›nlara 20. ve 28. gebelik haftalar› aras›nda 100 mg demir infüzyonu uyguland›.

Results: Women in the oral iron group have shown a significant
decrease in Hb levels which was 12.2 (range: 11.5–13) g/dL at baseline and 12.1 (range: 11.2–12.5) g/dL before delivery (p=0.034).
However, ferric carboxymaltose group did not show any difference
between baseline Hb levels and Hb levels before delivery (p=0.60).
Likewise, Hct levels have shown a significant decrease in the oral
iron group which were 36.7 (range: 34–39) and 35.8 (range: 34–38)
at baseline and before delivery, respectively (p=0.006). There was no
significant difference between Hct levels in the ferric carboxymaltose group.

Bulgular: Oral demir grubundaki kad›nlarda Hb seviyelerinde anlaml› bir azalma görüldü; referans ölçümünde 12.2 (aral›k: 11.5–13)
g/dL ve do¤umdan önce 12.1 (aral›k: 11.2–12.5) g/dL idi. Ancak
ferrik karboksimaltoz grubunda referans Hb seviyeleri ile do¤umdan önceki Hb seviyeleri aras›nda herhangi bir fark görülmedi
(p=0.60). Benzer ﬂekilde Hct seviyelerinde de oral demir grubunda
anlaml› azalma görüldü; referans ölçümünde ve do¤umdan önce s›ras›yla 36.7 (aral›k: 34–39) ve 35.8 (aral›k: 34–38) idi (p=0.006).
Ferrik karboksimaltoz grubunda Hct seviyeleri aras›nda anlaml›
fark yoktu.

Conclusion: Intravenous ferric carboxymaltose administration
seems an effective, easy-to-use option for iron supplementation
during pregnancy.

Sonuç: ‹ntravenöz ferrik karboksimaltoz uygulamas›n›n, gebelik
süresince demir takviyesi olarak verimli ve kullan›m› kolay bir seçenek oldu¤u görülmektedir.

Keywords: Intravenous ferric carboxymaltose; oral iron; iron deficiency in pregnancy, anemia in pregnancy.

Anahtar sözcükler: ‹ntravenöz ferrik karboksimaltoz; oral demir; gebelikte demir eksikli¤i, gebelikte anemi.
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Introduction
Hemoglobin (Hb) concentration <11 g/dL in the first
trimester or <10 g/dL in the second and third trimesters
are defined as significant anemia in pregnancy.[1,2] Iron
deficiency is the most common cause of anemia in pregnancy and affects 2–26% of pregnant women depending
on the population screened.[1,3,4] Iron deficiency can be
diagnosed by serum ferritin-level measurement (threshold value <30 μg/L).[5]
Patients with iron deficiency may present with
fatigue, headache, low physical and mental capacity, vertigo, leg cramps, pagophagia, cold intolerance, koilonychia, mucosal paleness, and angular stomatitis.[6] Besides,
pregnant women with iron deficiency and severe anemia
are at increased risk of preterm delivery, prematurity,
and small for gestational age.[7]
Increased iron requirement necessitates iron replacement in pregnant women. The American College of
Obstetricians and Gynecologists (ACOG) recommends
low-dose iron supplementation with 27 to 30 mg iron
during pregnancy.[8] While oral iron supplements are the
common first choice, up to two-thirds of women experience dose-limiting gastrointestinal side effects. Hence,
intravenous iron can be an alternative method for iron
replacement.[9]
Ferric carboxymaltose solution comprises a polynuclear iron (III)-(oxyhydr)oxide core stabilized by carboxymaltose.[10] While former intravenous iron preparations had the risk of serious side effects such as anaphylactic shock, ferric carboxymaltose is safer with carbohydrate shells ensuring the slower release of iron.[11]
Different studies comparing different intravenous iron
formulations have suggested that when high molecular
weight iron dextran is avoided intravenous iron seems
safe with a risk of serious events <1:200,000.[12] A recent
clinical trial comparing ferric carboxymaltose and oral
iron in patients with iron deficiency anemia following
childbirth has suggested that ferric carboxymaltose is a
safe and effective option.[13]
In this study, we aimed to investigate whether single
intravenous ferric carboxymaltose administration was as
effective as 6-month oral iron supplementation in pregnant women with iron deficiency anemia.

Methods
This retrospective study was conducted in accordance
with the Declaration of Helsinki Ethical Principles and

Good Clinical Practices and the protocol of this retrospective study was approved by Koç University Clinical
Research Ethics Committee (2021.280.IRB1.098).
In our unit, either oral Fe+2 iron or intravenous ferric
carboxymaltose is prescribed for women with ferritin
levels <30 ng/ml at the discretion of the physician in
charge. For our study, we screened our electronic patient
records and included all women who were given intravenous ferric carboxymaltose at Koç University Hospital
Department of Obstetrics and Gynecology, between
January 2020 and May 2020. These were matched
according to their baseline Hb levels with 60 women
who were supplemented with oral Fe+2 iron during the
same period. We excluded women with other causes of
anemia, vitamin B12 or folate deficiency, multiple pregnancy, or preterm birth.
All pregnant women underwent a baseline measurement for Hb, mean corpuscular volume (MCV), and
hematocrit (Hct) levels at their first antepartum care visit
in the first trimester. Also, we evaluated serum ferritin
levels immediately before iron supplementation in both
groups. Iron deficiency is defined with ferritin levels <30
ng/mL.[14] Women in the oral iron group were started
Fe+2 iron supplementation between 16 and 20 weeks of
gestation if ferritin levels <30 ng/mL or Hb level <11
g/dL at their visit. Women in the ferric carboxymaltose
group underwent 1000 mg of iron infusion between the
20 and 28 weeks of gestation with ferric carboxymaltose.
The primary outcome was the change in Hb and Hct
levels before and after iron supplementation. We recorded body mass index (BMI), weight gain during pregnancy, serum ferritin levels before iron treatment, Hb,
MCV, and Hct levels before and after iron treatment,
gestational age at birth, delivery method, and fetal
weight at birth in both groups.
The distribution of each variable was evaluated with a
histogram. Continuous variables were defined with median (25th and 75th percentiles) and compared between the
groups using Mann-Whitney U or unpaired t-test
depending on the distribution assumptions. Categorical
variables were presented as numbers and percentages.
Comparisons were made with Chi-squared or Fisher’s
exact test for categorical variables. A two-sided p-value
<0.05 was considered statistically significant.
Statistical analysis was performed with Statistical
Package for Social Sciences (SPSS) software Version
28.0 (IBM SPSS Statistics, Armonk, NY, USA).
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Results
A total of 120 pregnant women, 60 in the oral iron treatment group and 60 in the ferric carboxymaltose treatment group were included. Baseline characteristics are
shown in Table 1. The median age was 30 (range:
28–34.8) years in the oral iron treatment group and 34
(range: 30–37) years in the ferric carboxymaltose group
(p<0.01). Median BMI levels were 21.9 (range:
19.2–24.7) kg/m2 in oral iron treatment group and 22.9
(range: 20.8-–26.1) kg/m2 in ferric carboxymaltose
group (p=0.12).
Baseline Hb levels were 12.2 (range: 11.5–13) mg/dL
and 12.5 (range: 11.9–13.2) mg/dL in oral iron and ferric carboxymaltose treatment groups, respectively
(p=0.22). However, Hb levels at delivery were significantly higher in ferric carboxymaltose group with 12.5
(range: 11.9–13.7) g/dL compared to oral iron group
with 12.1 (range: 11.2–12.5) g/dL (p=0.002). Likewise,
baseline Hct levels did not show any difference 36.7
(range: 34–39) vs. 37.6 (range: 35.4–39.7) (p=0.29)
between the groups. Median Hct levels at delivery were
significantly higher in ferric carboxymaltose group
which was 37 (range: 35.6–39) compared to oral iron
group which was 35.8 (range: 34–38) (p=0.005).
Ferritin levels before iron treatment in both groups
are shown in Table 2. There was no significant difference between ferritin levels immediately before treatment (p=0.08). We compared baseline Hb levels and Hb
levels before delivery in both groups. Women in the oral
iron group have shown a significant decrease in Hb lev-

els which was 12.2 (range: 11.5–13) g/dL at baseline and
12.1 (range: 11.2–12.5) g/dL before delivery (p=0.034).
However ferric carboxymaltose group did not show any
difference between baseline Hb levels and Hb levels
before delivery (p=0.60). Likewise, Hct levels have
shown a significant decrease in the oral iron group
which were 36.7 (range: 34–39) and 35.8 (range: 34–38)
at baseline and before delivery, respectively (p=0.006).
There was no significant difference between Hct levels
in the ferric carboxymaltose group (Table 3).
Weight gain during pregnancy was 14 (range: 12–17)
kg in the oral iron group and 14 (range: 10–16) kg in the
ferric carboxymaltose group (p=0.26). Hence BMI levels
at delivery did not show a difference (p=0.13) same as
baseline BMI levels.
Median birth weight was 3260 (range: 2983–3550) g
in the oral iron group and 3090 (range: 3390–3550) g in
the ferric carboxymaltose group (p=0.20). Median gestational age at birth was 273 (range: 267–278) days and
272.5 (range: 266–275.8) days in the oral and ferric carboxymaltose group, respectively (p=0.28). Method of
delivery in oral iron group was 50% vaginal (n=30) and
50% cesarean section (n=30). However, vaginal birth
constituted 28.3% (n=17) of the deliveries in the ferric
carboxymaltose group.
Women who had ferric carboxymaltose did not
experience severe side effects after the treatment.
Specifically, anaphylactic reaction during ferric carboxymaltose administration did not occur. Only one woman

Table 1. Baseline characteristics of pregnant women in oral iron and ferric carboxymaltose groups.
Oral iron group

Ferric carboxymaltose group

p-value

30 (28–34.8)

34 (30–37)

<0.01

Gravida
1
2
>2

29
25
6

33
16
11

0.16

Parity
0
1
>1

36
23
1

43
15
2

0.27

Age (years)

Baseline BMI levels (kg/m2)

21.9 (19.2–24.7)

22.9 (20.8–26.1)

0.12

Baseline Hb levels (g/dL)

12.2 (11.5–13)

12.5 (11.9–13.2)

0.22

Baseline MCV levels

88 (84.9–90.3)

86 (83.1–88.6)

0.05

36.7 (34–39)

37.6 (35.4–39.7)

0.29

Baseline Hct levels (%)
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Table 2. Post-treatment characteristics of pregnant women in oral iron and ferric carboxymaltose groups.
Oral iron group
Ferritin levels before iron replacement

Ferric carboxymaltose group

p-value

12 (10–20)

10 (8–18.5)

0.08

BMI levels at delivery (kg/m2)

27.3 (25.4–29.4)

28.7 (26–31.2)

0.13

Hb levels at delivery (g/dL)

12.1 (11.2–12.5)

12.5 (11.9–13.7)

<0.01

MCV levels at delivery

88.5 (85–91)

88.8 (86.5–91)

0.21

Hct levels at delivery

<0.01

35.8 (34–38)

37 (35.6–39)

Difference in Hb levels (g/dL)*

-.3 (.4, -.9)

-.05 (-.6, .7)

0.06

Difference in Hct levels†

-1 (-3.5, 1)

-.2 (-1.9, 1.9)

0.09

Difference in MCV levels‡

1 (-1.63, 3)

3 (0.75-5.1)

<0.01

Weight gain during pregnancy (kg)

14 (12–17)

14 (10–16)

0.26

3260 (2983–3550)

3090 (3390–3550)

0.20

273 (267–278)

272.5 (266–275.8)

0.28

50% (30)
50% (30)

28.3% (17)
71.7% (43)

0.02

Birthweight (kg)
Gestational age at birth (days)
Method of delivery
Vaginal birth (n)
Cesarean section (n)

Note: Values are median (25th and 75th percentiles) or % (n). *Difference between Hb levels at delivery and baseline Hb levels; †Difference between Hct levels at delivery and
baseline Hct levels; ‡Difference between MCV levels at delivery and baseline MCV levels.

reported a mild allergic reaction during the treatment
which disappeared after the treatment.

Discussion
Our results suggest that intravenous ferric carboxymaltose is a good alternative iron supplementation for pregnant women who cannot tolerate oral iron or who have
severe anemia in pregnancy. According to our findings,
median Hb and Hct levels at delivery decreased significantly compared with baseline Hb and Hct levels in the
oral iron group. However, in the intravenous iron
group, Hb and Hct levels at delivery did not show a significant difference when compared to baseline Hb levels.
One of the explanations could be that Hb and Hct levels are decreasing in both groups around 20–24 weeks of

gestation. From a practical point of view, patients are
eventually anemic compared to their basal levels if they
use oral iron during pregnancy. However, Hb and Hct
levels of women who were administered ferric carboxymaltose around 24 weeks of gestation increase until
delivery and therefore we do not see that decrease in the
ferric carboxymaltose group.
Intravenous iron carries a risk of anaphylaxis.[15] In a
study the risk for anaphylaxis was 68 per 100,000 persons for iron dextran (95% CI, 57.8–78.7 per 100,000)
and 24 per 100,000 persons for all nondextran intravenous iron products (95% CI, 20.0–29.5 per 100,000)
(adjusted odds ratio [OR] of 2.6 [95% CI, 2.0–3.3;
p<0.001]).[15] However ferric carboxymaltose is an agent
which can be considered safe and practical, as it does not

Table 3. Comparison of Hb and Hct levels before and after treatment in oral iron and ferric carboxymaltose groups.

Oral iron
Ferric carboxymaltose

Oral iron
Ferric carboxymaltose

Baseline Hb levels (g/dL)

Hb levels at delivery (g/dL)

p-value

12.2 (11.5–13)

12.1 (11.2–12.5)

0.03

12.5 (11.9–13.2)

12.6 (11.9–13.2)

0.60

Baseline Hct levels (%)

Hct levels at delivery (%)

p-value

36.7 (34–39)

35.8 (34–38)

<0.01

37.6 (35.4–39.7)

37 (35.6–39)

0.58
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require a test dose or premedication prior to administration, and can be administered in 15 minutes without
serious side effects.[11] We also did not observe any severe
adverse effects in our patients following intravenous ferric carboxymaltose treatment.
Intravenous iron supplementation has been shown to
improve iron-deficiency anemia and restore iron stores
effectively in previous studies.[16,17] Based on clinical trials
and real patient data ferric carboxymaltose is an effective
and well-tolerated agent for treating anemia in pregnant
women who have iron deficiency.[18–21] A randomized
study including 90 women with hemoglobin levels
between 8 and 10.5 g/dL and ferritin values less than 13
mcg/L compared oral iron polymaltose complex (300 mg
elemental iron per day) with intravenous iron sucrose in
pregnant women. Their results have shown that intravenous iron restored iron stores faster and more effectively than oral iron in iron-deficiency anemia of pregnancy,
with no serious adverse reactions.[16] Another randomized
study including 100 anemic antenatal women with hemoglobin 7–9 g/dL and serum ferritin <15 ng/mL, compared ferrous sulfate with intravenous iron sucrose infusion. They also have reported a statistically significant
difference in the increase of hemoglobin levels (p=0.002)
and ferritin levels on day 30 in the intravenous iron group
compared to the oral iron group (p=0.005).[22] On the
other side, a randomized study comparing two different
doses of intravenous iron with 80 mg ferrous sulfate daily
in 260 pregnant women did not find clinically significant
benefit for the parental route in iron prophylaxis of anemia. In the first intravenous iron group, 75 women
received two doses of 200 mg iron sucrose and in the second intravenous iron group, 55 women received three
doses of 200 mg iron sucrose. Only in the second intravenous iron group with three doses a significant rise in
serum ferritin levels were reported. However, they did
not use a standard dose and timing of oral iron prophylaxis. Besides, women included in this study were nonanemic by the time of the recruitment opposite to the
former studies mentioned above.
A disadvantage of ferric carboxymaltose is its cost. In
Turkey, it is 6 times more expensive than six-month oral
iron supplementation. Moreover, intravenous iron infusion requires a hospital setting. Therefore, it is not possible to advocate the routine use of intravenous iron for
all pregnant women. The advantage of ferric carboxymaltose is its efficiency and quick response.
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The main limitations of our study are its retrospective design and small sample size. In order to minimize
selection bias, we included all the women who were
given intravenous iron supplementation within the study
period. Another limitation of our study is that we were
not able to measure patients’ compliance with oral supplements.
Although ferric carboxymaltose seems efficient, costeffectiveness analysis, risk analysis, and randomized controlled trials are required before suggesting routine use
instead of oral iron in pregnancy.

Conclusion
Intravenous ferric carboxymaltose administration
seems an effective, easy-to-use option for iron supplementation during pregnancy. From a practical point of
view, intravenous iron supplementation seems to be an
acceptable alternative especially for pregnant women
who cannot tolerate oral iron treatment or who have
very low ferritin levels and severe anemia.
Funding: This work did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sectors.
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Abstract

Özet: ‹leri maternal yaﬂ›n gebelik komplikasyonlar›
ve advers neonatal sonuçlar üzerindeki etkileri

Objective: This study aimed to determine the effect of advanced
maternal age (AMA) on maternal and neonatal outcomes in pregnant women aged ≥35 years compared with patients aged 30–34
years. Also, we aimed to analyze the risk estimates of potential confounders to identify whether these variables contributed to the
development of adverse pregnancy outcomes or not.
Methods: This retrospective cohort study included 2284 pregnant
women aged ≥35 years at the time of delivery who was delivered in a
tertiary referral hospital from January 1, 2016, to December 31, 2020.
We further classified these women into two subgroups: 35–39 years as
early AMA (EAMA), and ≥40 years as very AMA (VAMA). Pregnancy
complications and adverse neonatal outcomes were recorded.
Results: Compared to younger women, pregnant AMA women had
significantly higher risks of complicated pregnancies, including a
higher risk of gestational diabetes mellitus (GDM, p<0.001), polyhydramnios (p<0.001), cesarean section (p<0.001), stillbirths (p<0.001),
major fetal abnormality (p<0.001), preterm delivery (p<0.001), lower
birth weight (p<0.001), lower 5-minute Apgar scores (p<0.001),
lower umbilical artery blood pH values (p<0.001), neonatal intensive
care unit (NICU) admission (p<0.001), and length of NICU stay
(p<0.001).
Conclusion: We found a strong and significant association between
VAMA and adverse pregnancy outcomes, including an increased risk
of GDM, polyhydramnios, cesarean section, and adverse neonatal outcomes, including a higher risk of stillbirths, preterm delivery, lower
birth weight, lower 5-minute Apgar scores, and NICU admission.

Amaç: Çal›ﬂmam›zda, ileri maternal yaﬂ›n (AMA) 30–34 yaﬂ aras›ndaki hastalara k›yasla ≥35 yaﬂ›ndaki gebelerde maternal ve neonatal
sonuçlar üzerindeki etkisini belirlemeyi amaçlad›k. Ayr›ca, kar›ﬂt›r›c›
de¤iﬂkenlerin advers gebelik sonuçlar›n›n geliﬂimine katk›da bulunup bulunmad›¤›n› tespit etmek amac›yla potansiyel kar›ﬂt›r›c›lar›n
risk tahminlerini analiz etmeyi amaçlad›k.
Yöntem: Bu retrospektif kohort çal›ﬂmas›, do¤um zaman›nda ≥35
yaﬂ›nda olan ve 1 Ocak 2016 ile 31 Aral›k 2020 tarihleri aras›nda
üçüncü basamak bir referans hastanesinde do¤um yapan 2284 gebeyi içermektedir. Bu gebeleri iki alt gruba ayr›ld›: 35–39 yaﬂ aras›nda olanlar için erken AMA (EAMA) ve ≥40 yaﬂ›nda olanlar için
geç AMA (VAMA). Gebelik komplikasyonlar› ve advers neonatal
sonuçlar kaydedildi.
Bulgular: Daha genç kad›nlara k›yasla AMA gebelerde; gestasyonel
diabetes mellitus (GDM, p<0.001), polihidramniyos (p<0.001), sezaryen (p<0.001), ölü do¤umlar (p<0.001), majör fetal anomali (p<0.001),
preterm do¤um (p<0.001), düﬂük do¤um a¤›rl›¤› (p<0.001), düﬂük 5.
dakika Apgar skorlar› (p<0.001), düﬂük umbilikal arter kan› pH de¤erleri (p<0.001), yenido¤an yo¤un bak›m ünitesine (YYBÜ) yat›ﬂ
(p<0.001) ve YYBÜ’de yat›ﬂ uzunlu¤u (p<0.001) için daha yüksek risk
dahil anlaml› ﬂekilde daha yüksek komplike gebelik riski mevcuttu.
Sonuç: VAMA ile GDM, polihidramniyos ve sezaryen için artm›ﬂ
risk dahil advers gebelik sonuçlar› ve ölü do¤um, preterm do¤um,
düﬂük do¤um a¤›rl›¤›, düﬂük 5. dakika Apgar skoru ve YYBÜ’ye
yat›ﬂ için daha yüksek risk dahil advers neonatal sonuçlar aras›nda
güçlü ve anlaml› bir iliﬂki tespit ettik.

Keywords: Advanced maternal age, pregnancy complications, adverse
neonatal outcomes.

Anahtar sözcükler: ‹leri maternal yaﬂ, gebelik komplikasyonlar›, advers neonatal sonuçlar.

Introduction
The frequency of childbearing to women of advanced
maternal age (AMA) had increased worldwide, particularly in the developed countries during the last decade.[1,2]
As reported by the Turkish Statistical Institute (TSI)

data in 2020, the age-specific birth rate among women
aged ≥35 years in Turkey was 0.60%, whereas it was
0.52% in 2005.[3] The trend toward postponing pregnancy is primarily driven by social and cultural factors,
extended education years, prioritization of career, later
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marriage, the implementation of effective contraceptive
methods, developments in assisted reproductive technologies (ART), improvements in managing pre-existing chronic diseases, and easy access to these developments by patients.[4,5]
Previous studies reported that AMA has been considered as a risk factor for chromosomal abnormalities of
the fetus and complications in the early stages of pregnancy, including ectopic pregnancy and miscarriage.[6]
However, studies on the associations between AMA and
pregnancy outcomes have reported conflicting findings.
Some studies have indicated that AMA has been associated with an increased risk of adverse maternal and neonatal outcomes, including preterm deliveries and related
complications, gestational hypertensive disorders, gestational diabetes mellitus (GDM), placental abnormalities,
stillbirths, and a higher frequency of cesarean section.[7,8]
But some investigations found no significant difference
regarding pregnancy complications between older and
younger pregnant women.[9,10] Furthermore, the extent to
which specified findings are associated with AMA and
the strength of the relationship remained contradictory
based on inadequately powered of the studies to adjust
for potential confounding factors.[11]
This study aimed to determine the effect of AMA on
maternal and neonatal outcomes in pregnant women
aged ≥35 years compared with patients aged 30–34 years
in a tertiary referral hospital. Also, we aimed to analyze
the risk estimates of potential confounders to identify
whether these variables contributed to the development
of adverse pregnancy outcomes or not.

Methods
We conducted this retrospective cohort study in Kanuni
Sultan Süleyman Training and Research Hospital,
which was a tertiary referral hospital in Turkey, from
January 1, 2016, to December 31, 2020. The ethics committee of the hospital approved the study (2021.01.6).
We included all pregnant women aged ≥40 years at the
time of delivery and gave birth at 24 weeks of gestation
or beyond during the study period. Also, a total of 2002
pregnant women aged between 35–39 years at the delivery time and who gave birth at or beyond 24 weeks’ gestation were randomly selected by a computer system and
were included in the study for further evaluation.
Pregnant women lower than 30 years old, pregnancy loss
<24 weeks of gestation, and pregnancies with missing
medical records were excluded.

AMA was defined as pregnant women being 35 years
or older at the time of delivery. We further classified
these women into two subgroups: 35–39 years as early
AMA (EAMA), and ≥40 years as very AMA (VAMA).
The study groups were compared with a control group
which consisted of pregnant women aged between 30–34
years who gave birth at the same period. The control
group patients were randomly selected by a computer
system. All pregnant women included in this study were
delivered and received postnatal care at our hospital, and
if necessary, neonates were transferred to the neonatal
intensive care unit (NICU). Also, the study subjects were
categorized into two groups based on their parity as nulliparous and multiparous. A pregnant woman who has
never given birth after 20 weeks of gestation or a neonate
weighing more than 500 g was defined as nulliparous,
and the remaining were defined as multiparous.
Maternal and neonatal data were collected from the
hospital records to obtain information on maternal
demographic characteristics, pregnancy complications,
and obstetric and neonatal outcomes. Demographic
characteristics included maternal age, body mass index
(BMI), parity, the use of ART, and pre-existing at least
one maternal chronic disease, including diabetes mellitus, chronic hypertension, hypothyroidism, bronchial
asthma, cardiac diseases, known malignancy, and epilepsy. The occurrence of at least one adverse pregnancy outcome included gestational diabetes mellitus, preeclampsia, gestational hypertension, eclampsia, HELLP, premature rupture of membranes (PROM), small for gestational age (SGA) or intrauterine growth restriction
(IUGR), placenta previa, polyhydramnios, oligohydramnios, and intrahepatic cholestasis of pregnancy (ICP).
Obstetric outcomes included delivery mode (vaginal, or
cesarean), and the need for postpartum blood transfusion
due to postpartum hemorrhage. Neonatal outcomes
included birth week, birth weight, major congenital
abnormalities, stillbirth, 5-minute Apgar scores, NICU
admission, and NICU length of stay.
The week of gestation was determined by ultrasonography (US) and was confirmed according to the firsttrimester US examination and last menstrual period.
Gestational hypertensive disorders were diagnosed based
on the ACOG criteria.[12] We diagnosed GDM according
to the 2010 International Association of Diabetes in
Pregnancy Study Groups (IDPSG) criteria.[13]
Polyhydramnios was defined as an amniotic fluid index
(AFI) ≥25 utilizing the four-quadrant method, or by a
single deepest pocket >10 cm upon US examination.
Oligohydramnios was defined as an AFI <5 cm in the US.
Volume 29 | Issue 3 | December 2021
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We defined preterm birth as birth before 34 weeks of
pregnancy. PPROM was described as a rupture of the
fetal membranes before 37 weeks of completed gestation.[14] ICP was diagnosed by the association of pruritus
and bile acids ≥10 μmol/L (after other reasons of liver
dysfunction and itching were ruled out) and by normalization of the levels of serum bile acids after birth.[15]
Placenta previa was described as the condition where the
abnormal implantation of placental tissue overlying the
endocervical os. We described the postpartum hemorrhage as the total blood loss of ≥1000 ml within 24 hours
after the delivery course (includes intrapartum loss)
regardless of delivery mode.[16] Birth weight was categorized into four categories as very low birth weight (<1500
g), low birth weight (<2500 g), normal birth weight
(2500–4500 g), and high birth weight (macrosomia,
>4000 g). SGA was defined as a weight below the 10th
percentile for the gestational week.[17] IUGR was defined
as estimated fetal weight <3rd percentile based on sonographic measurements of fetal biparietal diameter, head
circumference, AC, and femur length and no end-diastolic flow loss on Doppler examination.[18,19] We defined
stillbirth as a baby delivered with no signs of life known
to have died after 24 completed weeks of pregnancy.
Statistical analysis
Numerical data were summarized as mean ± standard
deviation along with median (minimum–maximum),
whereas frequency and percentage were used for categorical data. One-way ANOVA followed by Tukey’s test for
multiple comparisons was used to compare groups
regarding a numerical variable. Chi-square test followed
by Bonferroni corrected z test for multiple comparisons
was used to compare groups regarding a categorical variable. Fisher’s exact test was used for categorical variables
in sparse contingency tables. Multiple logistic regression
was performed to assess the risk of maternal age groups
on neonatal outcomes and cesarean delivery considering
potential confounders (i.e. ART pregnancies, parity,
major fetal abnormality, multiple pregnancies). The
results are presented showing odds ratios (OR) and 95%
confidence interval (CI) estimates. All statistical tests
were two-sided. A p-value <0.05 was considered statistically significant. Analyses were performed with R version
3.6.3 statistical computing language.

Results
During the study period, a total of 56,222 deliveries
occurred, of which 282 women aged ≥40 years were
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potentially suitable for including in the study. Also, a
total of 2002 pregnant women aged between 35–39
years at the delivery time were constituted the EAMA
group, and 2000 pregnant women aged between 30–34
years at the time of delivery were included in the control
group. Patients in the EAMA and control groups were
randomly selected by a computer system.
Table 1 demonstrates the demographic characteristics and clinical outcomes of the study subjects. The
mean age of the VAMA group was 41.6±2.18 years, the
mean age of the EAMA group was 36.67±1.41 years, and
the mean age of the control group was 31.9±1.42 years at
the time of delivery. The nulliparous women were more
prevalent in the age group ≥40 years compared to the
other two age groups. VAMA group (9.2%) were more
likely to have than the EAMA group (2.9%) and the control group (3.1%) to have conceived following ART
(p<0.001), and the frequency of multiple pregnancies was
recorded to be highest in the VAMA group (p<0.001),
regardless of parity. No differences were observed
among different age categories regarding BMI. The
presence of at least one medical condition (diabetes mellitus, chronic hypertension, hypothyroidism, bronchial
asthma, cardiac diseases, known malignancy, and epilepsy) was significantly higher in both of the AMA groups
than in the younger mothers, regardless of parity
(p<0.001). Subgroup analysis of women aged ≥40 years
compared to women 35–39 years revealed that the presence of at least one medical condition was significantly
higher in those over age 40 years (p<0.001). However,
when we analyzed these medical conditions separately,
we observed no significant differences across maternal
age subgroups (Table 2). The occurrence of at least one
adverse pregnancy outcome (GDM, preeclampsia, gestational hypertension, eclampsia, HELLP, premature rupture of membranes, SGA or IUGR, placenta previa,
polyhydramnios, oligohydramnios, and ICP) was significantly higher in both of the AMA groups than in the
younger mothers, regardless of parity (p<0.001). When
we analyzed these adverse pregnancy outcomes separately, no significant differences were detected in all maternal age subgroups regarding preeclampsia, gestational
hypertension, eclampsia, HELLP, premature rupture of
membranes, SGA or IUGR, placenta previa, and oligohydramnios. As compared with the controls, pregnant
AMA women were noted to have higher rates of GDM.
Subgroup analysis revealed that the rates of GDM were
significantly higher in the women aged ≥40 years than
those 35–39 years (p<0.001). The risk of polyhydramnios
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Table 1. The demographic characteristics and clinical outcomes of the study subjects.

30–34
Maternal age (years)
Nulliparous
Multiparous

Age groups
35–39

31.9±1.42
32 (30–34)

36.67±1.41*
37 (35–39)

31.78±1.41
32 (30–34)

36.77±1.45*
37 (35–39)

31.92±1.42
32 (30–34)

36.75±1.40*
37 (35–39)

≥40
41.6±2.18*,†
37 (35–39)
41.73±2.25*,†
41 (40–49)
41.53±2.17*,†
41 (40–55)

p-value
<0.001‡
<0.001‡
<0.001‡

Parity
Nulliparous

311 (15.6%)

227 (11.3%)

51 (18.1%)

Multiparous

1689 (84.5%)

1775 (88.7%)

231 (81.9%)*

Multiple pregnancies

<0.001§
<0.001§

33 (1.6%)

87 (4.3%)*

17 (6%)*

Nulliparous

14 (4.5%)

23 (10.1%)*

8 (15.7%)*

0.004§

Multiparous

19 (1.1%)

64 (3.6%)*

<0.001§

ART pregnancies

63 (3.1%)

58 (2.9%)

9 (3.9%)*
26 (9.2%)*,†

<0.001§

17 (33.3%)*,†
9 (3.9%)*,†

<0.001§

Nulliparous

53 (17%)

37 (16.3%)

Multiparous

10 (0.6%)

21 (1.2%)

0.013§

BMI (kg/m2)
<25

563 (28.1%)

563 (28.1%)

76 (27%)

25–30

412 (20.6%)

413 (20.6%)

62 (22%)

≥30

1026 (51.3%)

1026 (51.2%)

144 (51.1%)

29.91±7.71
30 (16–49)

29.91±7.71
30 (16–49)

29.45±6.98
30 (16–48)

0.658‡

Nulliparous

29.05±7.52
29 (16–49)

30.46±8.01
30 (16–46)

30.67±7.04
31 (18–48)

0. 071‡

Multiparous

30.08±7.73
30 (16–49)

29.84±7.66
30 (16–49)

68 (3.4%)

148 (7.4%)*

29.22±6.95
29 (17–46)
75 (26.6%)*,†

15 (4.8%)

33 (14.5%)*

BMI (mean ± standard deviation)

At least one additional medical condition
Nulliparous
Multiparous

53 (3.1%)

115 (6.5%)*

509 (25.5%)

627 (31.3%)*

Nulliparous

105 (33.8%)

Multiparous

At least one adverse pregnancy outcome

Type of delivery (cesarean section)
Nulliparous
Multiparous

13 (25.5%)*
62 (26.6%)*,†

0.985§

0.242‡
<0.001§
<0.001§
<0.001§
<0.001§

96 (42.3%)*

199 (70.6%)*,†
34 (66.7%)*,†

404 (23.9%)

531 (29.9%)*

165 (71.4%)*,†

<0.001§

1065 (53.2%)

1318 (65.8%)*

<0.001§

169 (54.3%)

154 (67.8%)*

217 (77%)*,†
44 (86.3%)*,†

1164 (65.6%)*

173 (74.9%)*,†

<0.001§

896 (53%)

<0.001§

<0.001§

90 (4.5%)

92 (4.6%)

15 (5.3%)

0.827§

Nulliparous

10 (3.2%)

14 (6.2%)

1 (2%)

0.171§

Multiparous

80 (4.7%)

78 (4.4%)

14 (6.1%)

0.515§

Postpartum blood transfusion

Numerical data were summarized as mean ± standard deviation along with median (minimum–maximum), whereas frequency and percentage were used for categorical data. *Significantly different than age group 30–34 (control); †Significantly different than age group 35–39, according to multiple comparisons. p-values are based on ‡one way ANOVA, §chi-square test.

was particularly higher in multiparous women aged ≥40
years than the EAMA women and younger controls
(p=0.002). However, in nulliparous pregnancies, the
occurrence of polyhydramnios was not significantly different in the three groups.
The rates of cesarean delivery were increased in each
of the AMA subgroups relative to the younger controls,
regardless of parity (p<0.001). Subgroup analysis of

women aged 35–39 years compared to women ≥40 years
revealed that the cesarean delivery rate was significantly
higher in those over age 40 years. All age groups were
comparable regarding the incidence of postpartum
blood transfusion due to postpartum hemorrhage,
regardless of parity.
Table 3 presents the neonatal outcomes of the older
and younger mothers. There was a statistically signifiVolume 29 | Issue 3 | December 2021
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Table 2. Additional medical conditions and adverse pregnancy outcomes of the study subjects.
Age groups
30–34

35–39

≥40

p-value

30 (42.3%)
6 (37.5%)
24 (43.6%)
24 (33.8%)
4 (25%)
20 (36.4%)
7 (9.9%)
3 (18.8%)
4 (7.3%)
3 (4.2%)
1 (6.3%)
2 (3.6%)
4 (5.6%)
1 (6.3%)
3 (5.5%)
1 (1.4%)
0 (0%)
1 (1.8%)
2 (2.8%)
1 (6.3%)
1 (1.8%)

35 (28%)
9 (30%)
26 (27.7%)
40 (32%)
8 (26.7%)
32 (34%)
21 (16.8%)
6 (20%)
15 (16%)
8 (6.4%)
1 (3.3%)
7 (7.4%)
12 (9.6%)
3 (10%)
9 (9.6%)
4 (3.2%)
0 (0%)
4 (4.3%)
4 (3.2%)
3 (10%)
1 (1.1%)

29 (32%)
4 (25%)
25 (33.3%)
40 (44.4%)
8 (50%)
32 (42.7%)
15 (16.7%)
2 (12.5%)
13 (17.3%)
4 (4.4%)
0 (0%)
4 (5.3%)
3 (3.4%)
2 (12.5%)
1 (1.3%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

0.127§
0.741§
0.135‡
0.185§
1.258§
0.524§
0.370§
0.912§
0.077‡
0.561‡
0.317‡
0.452‡
0.281‡
0.385‡
0.159‡
0.305‡
NA
0.286‡
0.147‡
0.363‡
0.266§

71 (3.6%)
15 (4.8%)
56 (3.3%)
153 (25.5%)
32 (24.8%)
121 (25.7%)
34 (5.7%)
6 (4.7%)
28 (6%)
1 (0.2%)
1 (0.8%)
0 (0%)
2 (0.3%)
0 (0%)
2 (0.4%)
93 (15.5%)
23 (17.8%)
70 (14.9%)
109 (18.2%)
30 (23.3%)
99 (76.7%)
82 (13.9%)
10 (7.8%)
73 (15.5%)
6 (1%)
0 (0%)
6 (1.3%)
25 (4.2%)
6 (4.7%)
19 (4%)
22 (3.7%)
6 (4.7%)
16 (3.4%)

125 (6.2%)*
15 (6.6%)*
110 (6.2%)*
192 (28.1%)
41 (34.2%)
151 (26.8%)
38 (5.6%)
4 (3.3%)
34 (6%)
4 (0.6%)
1 (0.8%)
3 (0.5%)
0 (0%)
0 (0%)
0 (0%)
115 (16.8%)
23 (19.2%)
92 (16.3%)
130 (19%)
18 (15%)
102 (85%)
108 (15.8%)
4 (3.3%)
104 (18.4%)
27 (3.9%)
1 (0.8%)
26 (4.6%)
37 (5.4%)
4 (3.3%)
33 (5.9%)
14 (2%)
5 (4.2%)
9 (1.6%)

43 (15.2%)*,†
7 (13.7%)*,†
36 (15.6%)*,†
65 (24.4%)
12 (25%)
53 (24.3%)
12 (4.3%)
1 (2.1%)
11 (4.8%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
32 (12%)
6 (12.5%)
26 (11.9%)
38 (14.8%)
12 (25%)
36 (75%)
42 (15.8%)
6 (12.5%)
36 (16.5%)
14 (5.3%)*,†
1 (2.1%)
13 (6%)*,†

<0.001§
0.041§
<0.001§
0.421§
0.219§
0.774§
0.697§
0.774‡
0.789§
0.280‡
1.000‡
0.224‡
0.179‡
NA
0.171‡
0.188§
0.585§
0.304§
0.331§
0.179§
0.051§
0.584§
0.095||
0.453§
0.001§
0.309‡
0.002§
0.161§
0.774||
0.135§
0.051§
1.000‡
0.022‡

Additional medical conditions
Diabetes mellitus
Nulliparous
Multiparous
Chronic hypertension
Nulliparous
Multiparous
Hypothyroidism
Nulliparous
Multiparous
Bronchial asthma
Nulliparous
Multipar
Cardiac disease
Nulliparous
Multiparous
Known malignancy
Nulliparous
Multiparous
Epilepsy
Nulliparous
Multiparous
Adverse pregnancy outcomes
Gestational diabetes
Nulliparous
Multiparous
Preeclampsia
Nulliparous
Multiparous
Gestational hypertension
Nulliparous
Multiparous
HELLP
Nulliparous
Multiparous
Eclampsia
Nulliparous
Multiparous
Premature rupture of membranes
Nulliparous
Multiparous
SGA/IUGR
Nulliparous
Multiparous
Placenta previa
Nulliparous
Multiparous
Polyhydramnios
Nulliparous
Multiparous
Oligohydramnios
Nulliparous
Multiparous
Intrahepatic cholestasis
Nulliparous
Multiparous

7 (2.6%)
1 (2.1%)
6 (2.8%)
3 (1.1%)
2 (4.2%)
1 (0.5%)*,†

Data were summarized as frequency and percentage. †Significantly different than age group 35–39, according to multiple comparisons. p-values are based on
§chi-square test; ||Fisher’s exact test. NA: not available, no statistics are computed because of insufficient data.
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Table 3. Neonatal outcomes of the patients.
Age groups
35–39

≥40

p-value

36.7±3.69
38 (17–42)

35.9±4.53*
38 (19–42)

33.15±4.40*,†
34 (23–40)

<0.001‡

Nulliparous

35.56±4.47
37 (20–41)

34.03±5.52*
36 (24–42)

Multiparous

36.87±3.49
38 (17–42)

36.12±4.33*
38 (19–42)

32.9±4.57 *
34 (24–40)
33.2±4.37*,†
34 (23–40)

2867.87±860.3
3050 (245–5040)

2836.42±948.4
3000 (100–5640)

Nulliparous

2529±947.21
2700 (250–4720)

2503.03±1090.08
2890 (200–5110)

Multiparous

2930.12±828.92
3090 (245–5040)

2879.06±320.39
3035 (100–5640)

2120.98±1000*,†
2240 (100–5000)
2076.47±923.48*,†
2300 (420–4330)
2130.8±1017.85*,†
2205 (100–5000)

Gender, male
Nulliparous

1029 (51.6%)
169 (54.3%)

948 (50.2%)
89 (44.9%)

132 (47%)
22 (43.1%)

0.317§
0.070§

Multiparous

860 (51.1%)

859 (50.9%)

57 (2.9%)
13 (4.4%)

67 (3.4%)
6 (2.6%)

<0.001§
0.578

44 (2.7%)

61 (3.5%)

110 (47.8%)
27 (9.6%)*,†
2 (3.9%)
25 (10.8%)*,†

<0.001§

30–34
Gestational age at birth

Birth weight (gram)

Major fetal anomaly
Nulliparous
Multiparous
Stillbirth

<0.001‡
<0.001‡
<0.001‡
0.011‡
<0.001‡

0.650§

<0.001§

72 (3.6%)

142 (7.1%)*

30 (10.6%)*

Nulliparous

17 (5.5%)

22 (9.7%)

6 (7.6%)

0.097§

Multiparous

55 (3.3%)

12 (6.8%)*

<0.001§

305 (15.3%)

248 (21.3%)*

24 (10.4%)*
118 (41.8%)*,†

<0.001§

23 (45.1%)*,†
95 (41.1%)*,†

<0.001§

Preterm birth <34 weeks
Nulliparous

79 (25.4%)

48 (34.8%)*

Multiparous

226 (13.4%)

200 (19.5%)*

0.006§

Birth weight
<2500 g

544 (27.2%)

527 (26.3%)

Nulliparous

132 (42.4%)

91 (40.1%)

Multiparous

412 (24.4%)

436 (24.6%)

<1500 g

200 (10%)

236 (11.8%)

Nulliparous

53 (17%)

49 (21.6%)

Multiparous

147 (8.7%)

>4000 g

107 (5.3%)

Nulliparous

10 (3.2%)

Multiparous

97 (5.7%)

169 (59.9%)*,†
31 (60.8%)*,†

<0.001§

138 (59.7%)*,†
84 (29.8%)*,†

<0.001§

0.025§
<0.001§
0.307§

187 (10.5%)

12 (23.5%)
72 (31.2%)*,†

<0.001§

110 (5.5%)

6 (2.1%)

0.055§

10 (4.4%)

1 (2%)

0.628§

100 (5.6%)

5 (2.2%)

0.073§
<0.001§

171 (8.6%)

228 (11.4%)*

50 (17.7%)*,†

Nulliparous

43 (13.8%)

37 (16.4%)

8 (15.7%)

0.709§

Multiparous

128 (7.6%)

191 (10.8%)*

<0.001§

Neonatal ICU

316 (15.8%)

546 (27.3%)*

42 (18.2%)*,†
107 (37.9%)*,†

5-minute Apgar <7

Nulliparous

52 (16.7%)

71 (31.3%)*

Multiparous

264 (15.6%)

475 (26.8%)*

13.66±10.1
10 (1–120)

19.5±20.26*
10 (1–143)

Nulliparous

15.59±11.65
12 (2–70)

22.18±20.7*
14 (3–117)

Multiparous

13.37±9.79
10 (1–120)

18.63±20.06*
10 (1–143)

7.29±0.06
7.3(6.7–7.8)

7.28±0.07*
7.3 (6.6–7.6)

Nulliparous

7.28±0.09
7.3 (6.8–7.8)

7.28±0.07*
7.3 (6.8–7.3)

Multiparous

7.29±0.05
7.3 (6.6–7.6)

7.28±0.06*
7.3 (6.6–7.6)

Neonatal ICU (days)

Umbilical cord blood pH

22 (43.1%)*,†
85 (36.8%)*,†
34.71±31.2*,†
27 (1–190)
33.77±36.1*,†
22.5 (0–150)
34.95±31.07*,†
27 (1–190)
7.25±0.11*,†
7.3 (6.8–7.4)
7.24±0.13*,†
7.3 (6.8–7.3)
7.25±0.11*,†
7.3 (6.8–7.4)

<0.001§
0.028§
<0.001§
<0.001‡
0.001‡
<0.001‡
<0.001‡
0.047‡
<0.001‡

Numerical data were summarized as mean ± standard deviation along with median (minimum–maximum), whereas frequency and percentage were used for categorical data. *Significantly different than age group 30–34 (control); †Significantly different than age group 35–39, according to multiple comparisons. p-values are based on ‡one way ANOVA, §chi-square test.
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tiparous women in the EAMA and VAMA group in
comparison to the control group (p<0.001), whereas no
difference was observed in the incidence of 5-minute
Apgar scores of <7 in nulliparous pregnancies as the
maternal age increased. A significantly higher incidence
of NICU admission and a significantly longer NICU
length of stay was found among neonates born to the
VAMA group relative to the EAMA group and younger
controls, regardless of parity (p<0.001). There was a statistically significant decrease in the umbilical cord blood
pH value in nulliparous and multiparous pregnancies in
the VAMA group relative to the EAMA group and
younger controls, regardless of parity (p<0.001).

cant increase in the incidence of major fetal anomalies in
multiparous women in the VAMA group (p<0.001),
whereas no difference was found in the incidence of
major fetal anomalies in nulliparous pregnancies as the
maternal age increased. In multiparous pregnancies with
AMA, there was a significantly increased incidence of
stillbirth among neonates born to older women relative
to the younger controls (p<0.001). However, the incidence of stillbirth was not associated with AMA in nulliparous pregnancies. When comparing multiparous
AMA to younger women, the percent of preterm birth
was significantly increased in all the AMA age subgroups
(p<0.001). However, when comparing only nulliparous
AMA to younger controls, the proportion of preterm
birth was significantly increased only in the VAMA subgroup (p=0.006). The percent of low birth weight was
significantly increased among neonates born to VAMA
women as compared to the neonates of EAMA and
younger controls (p<0.001). The proportion of very low
birth was significantly increased only in the neonates
born to multiparous VAMA women as compared to the
newborns of multiparous EAMA and multiparous
women in the control group (p<0.001), while the percent of very low birth was not significantly different
between nulliparous AMA women and younger nulliparous controls. The frequency of high birth weight in
infants born to older women was not significantly different from the proportion seen in the women in the control group. There was a statistically significant increase
in the incidence of 5-minute Apgar scores of <7 in mul-

We conducted a multiple logistic regression analysis
to adjust the variables, including parity, ART pregnancies,
multiple pregnancies, and major fetal abnormalities and
summarized the in Table 4. We found that VAMA is a
significant independent risk factor for the occurrence of
adverse pregnancy outcomes, including GDM (OR=4.95,
95% CI=3.30–7.42, p<0.001), polyhydramnios (OR=5.92,
95% CI=2.92–11.98, p<0.001), and cesarean section
(OR=2.74, 95% CI=2.04–3.67, p<0.001), and adverse
neonatal outcomes, including stillbirth (OR=2.55, 95%
CI=1.57–4.13, p<0.001), preterm birth (OR=3.54, 95%
CI=2.68–4.67, p<0.001), low birth weight (OR=3.58,
95% CI=2.74–4.68, p<0.001), 5-minute Apgar scores of
<7 (OR=1.80, 95% CI=1.24–2.61, p=0.002), and the
need for NICU admission (OR=0.70, 95% CI=0.53–0.91,
p=0.008).

Table 4. Multiple logistic regression results of the adverse pregnancy outcomes and neonatal outcomes.
Age groups
≥40

35–39
Adj. OR (95% CI)

p-value

Adj. OR (95% CI)

p-value

Stillbirth

2.18 (1.60–2.96)*

<0.001

2.55 (1.57–4.13)*

<0.001

Preterm birth

1.52 (1.25–1.84)*

<0.001

3.54 (2.68–4.67)*

<0.001

Birth weight <2500 g

0.92 (0.79–1.06)*

0.240

3.58 (2.74–4.68)*

<0.001

Birth weight <1500 g

1.20 (0.97–1.47)*

0.089

3.26 (2.40–4.43)*

<0.001

5-minute Apgar <7

1.37 (1.10–1.71)*

0.005

1.80 (1.24–2.61)*

0.002

Neonatal ICU

1.01 (0.88–1.17)*

0.889

1.44 (1.10–1.88)*

0.008

Type of delivery (cesarean section)

1.66 (1.46–1.88)†

<0.001

2.74 (2.04–3.67)†

<0.001

Gestational diabetes

1.85 (1.37–2.50)†

<0.001

4.95 (3.30–7.42)†

<0.001

0.271

(2.92–11.98)†

<0.001

Polyhydramnios

1.39

(0.77–2.52)†

Adj.: Adjusted for *ART pregnancies, parity, major fetal anomaly, multiple pregnancies;
women aged 30–34.
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5.92

pregnancies, parity, multiple pregnancies. Reference group is
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Discussion
The current study demonstrates that compared to
younger women, pregnant women aged >35 years have
significantly higher risks of complicated pregnancies,
including a higher risk of GDM, polyhydramnios,
cesarean section, stillbirths, major fetal abnormality,
preterm delivery, lower birth weight, lower 5-minute
Apgar scores, lower umbilical artery blood pH-values,
NICU admission, and length of NICU stay. Also, we
performed a multiple logistic regression analysis to adjust
the variables, including parity, ART pregnancies, multiple pregnancies, and major fetal abnormalities, and found
that VAMA is significantly associated with adverse pregnancy outcomes, including a higher risk of gestational
diabetes mellitus, polyhydramnios, cesarean section, and
adverse neonatal outcomes, including an increased risk of
stillbirths, preterm delivery, lower birth weight, lower 5minute Apgar scores, and NICU admission.
Many studies have reported a higher incidence of
gestational hypertensive disorders among pregnant
women with AMA.[20–22] The higher risk of developing
early-onset preeclampsia may be explained by the ageassociated vascular endothelial damage and dysfunction,
which is incapable of handling cope with the substantial
physiological cardiovascular changes of pregnancy.[23]
Contrary to the literature, Cakmak Celik et al.’s study
from Turkey reported no significant difference in the
preeclampsia incidence in AMA women, in agreement
with our study.[24] In Turkey, pregnant women with gestational hypertensive diseases are frequently referred to
and managed in tertiary care centers. We considered
that the tendency of referring the patients with a diagnosis of preeclampsia to the tertiary centers leads to the
similarity of preeclampsia incidence in younger and
older patients in Turkey.
Previous studies found a significant correlation
between AMA and GDM, in line with our research.[22,25,26]
This correlation might be due to the potential impairment of carbohydrate metabolism that occurs with
increasing age.[22] Also, we consider that the higher frequency of GDM in AMA women was not associated with
maternal adipose tissue since we detected no significant
differences between the groups regarding the maternal
BMI. Also, we analyzed patients with pre-existing diabetes mellitus separately and excluded them from the
subgroup of women diagnosed with GDM. We found
similar rates of pre-existing diabetes between the groups.
As a consequence of the higher rates of GDM in AMA
women, we found a significantly higher incidence of

polyhydramnios in the EAMA and VAMA groups compared to the control group.
Numerous studies identified a higher incidence of
cesarean delivery among pregnant women aged >35
years and reported that AMA is a strong risk factor for
cesarean delivery.[5,20,22,25–27] Kanmaz et al. stated that
pregnancy complications being more common in AMA
pregnancies, increased uterine surgery rates, higher
rates of ART pregnancies and increased non-vertex fetal
presentation rates have a significant role in this result.[26]
Ates et al. indicated that older nulliparous women usually have an extended story of infertility and the possibility of this being the only pregnancy might affect the clinician’s choices regarding the delivery route.[20] Also,
higher cesarean section rates might reflect a tendency
for physicians to recommend cesarean delivery in
VAMA women.[22,27] In our clinic, we determined the
delivery route by standard obstetric indications except
for the ART pregnancies. We attributed the higher rates
of cesarean birth in AMA women to complicated pregnancies being more common in AMA pregnancies and
higher rates of ART pregnancies.
Saleh Gargari et al. reported that the most crucial risk
factor for the occurrence of placenta previa was AMA.[28]
Contrary to Saleh Gargari et al., we found similar rates
of placenta previa in all age groups since pregnancies
with placenta previa were frequently referred to a tertiary
center in all age groups in our country. Yogev et al. found
a significant correlation between AMA and postpartum
hemorrhage and the need for blood transfusion.[29]
However, Lao et al. indicated that aging was related to
decreased postpartum hemorrhage, the risk decreasing
progressively from those aged 25–29 years to those aged
≥40 years.[30] We did not detect a higher risk of postpartum hemorrhage in EAMA and VAMA groups.
Maternal age of more than 35 years is a crucial risk
factor that is related to a 65% increase in the odds of stillbirth.[31] The physiopathological mechanism of the
increase in stillbirth risk with AMA is unclear. Low uteroplacental perfusion caused by poor uterine vasculature in
older women has been suggested the direct effect of
maternal aging. The increased risk might also be attributed to the correlation between AMA and definite risk
factors for stillbirths, including obstetric and medical
complications.[32] Likewise, we found a significant ageassociated increase in the stillbirth incidence in particular.
Women at AMA were at higher risk of delivery
before 34 weeks of pregnancy and had low birth
weight.[11,22,25,27] Frederiksen et al. attributed this to
Volume 29 | Issue 3 | December 2021
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obstetric or medical complications reported to increase
with older maternal ages.[11] Marozio et al. noted that the
higher frequency of preterm delivery and low birth
weight was primarily due to iatrogenic preterm delivery
indicated for obstetric complications.[22] Fitzpatrick et al.
found that the rates of both spontaneous and iatrogenic
preterm birth were higher in women of AMA than in the
younger mothers.[27] We also demonstrated a significant
association between AMA and higher risk of preterm
delivery and low birth weight without separating the
type of preterm delivery. In our study population, the
rates of fetuses with SGA and IUGR were similar
between the groups. Thus, we consider that the higher
rate of low birth weight infants was predominantly
linked to the high preterm birth rate. As expected, we
show that a 5-minute Apgar score <7, which is significantly associated with long-term cognitive outcomes,
and NICU admission were more frequent and length of
NICU admission stay was longer among neonates of
AMA women in comparison to younger women, consistent with the literature.[20,25]
Multiple logistic regression analysis adjusted for
potential confounding and mediating factors, including
parity, ART pregnancies, multiple pregnancies, and
major fetal abnormalities, demonstrated that VAMA is
an independent risk factor for adverse pregnancy outcomes, including an increased risk of GDM, polyhydramnios, cesarean section, and adverse neonatal outcomes, including a higher risk of stillbirths, preterm
delivery, lower birth weight, lower 5-minute Apgar
scores, and NICU admission. It means that the association between VAMA and these adverse pregnancy outcomes markedly persists after adjusting for the abovementioned pregnancy-related characteristics in the multiple regression analysis. Thus, we indicate an increased
risk of experiencing an adverse pregnancy outcome for
groups of pregnant women at VAMA. These results
should be taken into account when counseling and managing pregnant women of VAMA.
The main strength of this study is the large sample
size relative to previously published studies with low
sample sizes. We also examined both maternal and
neonatal data, which provide us to perform univariate
and multivariate analyses on both maternal and neonatal
confounding variables that might have affected the study
results. However, there are some limitations to this
study. This study has been organized retrospectively and
may contain limitations of this kind studies. Since our
hospital is a tertiary referral center, the incidence of
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adverse pregnancy outcomes may be higher than in the
entire population.

Conclusion
Our study demonstrates a strong and significant association between VAMA and adverse pregnancy outcomes,
including an increased risk of gestational diabetes mellitus, polyhydramnios, cesarean section, and adverse
neonatal outcomes, including a higher risk of stillbirths,
preterm delivery, lower birth weight, lower 5-minute
Apgar scores, and NICU admission. Patients should be
informed that the probability of pregnancy complications and adverse neonatal outcomes with rises in age.
Also, these patients should be managed with appropriate
care protocols and antenatal care services should be optimized for pregnant women with VAMA.
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Abstract

Özet: Sezaryen ile iliﬂkili kan nakli riskini art›ran
durumlar: tek merkezli kohort çal›ﬂmas›

Objective: This study aimed to define the conditions that increase
the possibility of receiving a blood transfusion in patients who had
a cesarean section.
Methods: This study was conducted between January 2016 – May
2020 in a university hospital located in Konya, Turkey. Pregnant
women undergoing cesarean section were included. Of 4303 eligible
patients, 188 women were the transfused group and 4115 women
were the non-transfused group. Logistic regression analysis was performed for potential confounding factors.
Results: A total of 4303 eligible patients were evaluated in this study.
There were 4115 patients (95.6%) in the non-transfused group. The
transfused group consisted of 188 patients (4.4%). The probability of
transfusion was higher in pregnant women with placenta previa, placenta accreta spectrum, thrombocytopenia, preoperative anemia,
macrosomia above 4500 g, and multiple gestations [adjusted OR values (95% CI); 10.58 (range 4.75–23.57), 7.75 (range 3.22–18.61), 7.85
(range 3.46–17.79), 5.71 (range 4.21–7.74), 4.22 (range 1.21-14.67)
and 2.10 (range 1.18-3.72), respectively]. There was no increase in the
possibility of transfusion in 4000–4500 gram macrosomia, uterine
fibroids, preeclampsia, premature rupture of membranes, previous
cesarean sections and gestational diabetes mellitus.
Conclusion: Placenta previa, placenta accreta spectrum, thrombocytopenia, preoperative anemia, macrosomia above 4500 g and multiple gestations increase the possibility of transfusion. Perioperative
blood preparation is vital in such patients. Prevention of anemia during pregnancy is critical in reducing transfusions.

Amaç: Bu çal›ﬂma, sezaryen do¤um yapan hastalarda kan nakli olma
olas›l›¤›n› art›ran durumlar› tan›mlamay› amaçlamaktad›r.
Yöntem: Çal›ﬂma, Konya’da bulunan bir üniversite hastanesinde
Ocak 2016 ve May›s 2020 tarihleri aras›nda gerçekleﬂtirildi. Çal›ﬂmaya sezaryen do¤um yapan gebeler dahil edildi. Uygun 4303 hastan›n 188’i nakil grubunda iken 4115’i nakil olmayan grupta idi.
Potansiyel kar›ﬂt›r›c› faktörler için lojistik regresyon analizi yap›ld›.
Bulgular: Bu çal›ﬂmada toplam 4303 uygun hasta de¤erlendirildi.
Nakil olmayan grupta 4115 (%95.6) hasta yer ald›. Nakil grubu ise
188 (%4.4) hastadan oluﬂmaktayd›. Nakil olas›l›¤›; plasenta previa,
plasenta akreta spektrumu, trombositopeni, preoperatif anemi, 4500
gram›n üzerinde makrozomi ve ço¤ul gebeli¤i olan gebelerde daha
yüksekti [düzeltilmiﬂ OR de¤erleri (%95 CI) s›ras›yla 10.58 (aral›k:
4.75–23.57), 7.75 (aral›k: 3.22–18.61), 7.85 (aral›k: 3.46–17.79), 5.71
(aral›k: 4.21–7.74), 4.22 (aral›k: 1.21-14.67) ve 2.10 (aral›k: 1.183.72)]. Makrozomi seviyesi 4000–4500 gram aras›nda olan, uterin fibroid, preeklampsi, erken membran rüptürü, daha önce sezaryen geçmiﬂi ve gestasyonel diabetes mellitus olan hastalarda nakil olas›l›¤›nda art›ﬂ olmad›.
Sonuç: Plasenta previa, plasenta akreta spektrum, trombositopeni, preoperatif anemi, 4500 gram›n üzerinde makrozomi ve ço¤ul
gebelikler, nakil olas›l›¤›n› art›rmaktad›r. Bu tür hastalarda perioperatif kan haz›rl›¤› hayati öneme sahiptir. Nakil olas›l›¤›n› azaltmak için gebelik esnas›nda aneminin önlenmesi çok önemlidir.

Keywords: Blood transfusion, cesarean section, peripartum hemorrhage, postpartum hemorrhage.

Anahtar sözcükler: Kan nakli, sezaryen, peripartum hemoraji, postpartum hemoraji.

Introduction
Obstetric hemorrhage is still one of the most important
causes of morbidity and mortality in women of reproductive age.[1] Cesarean section alone is considered an important reason for this.[2] Cesarean rates are increasing all

over the world.[3] In peripartum hemorrhage, the condition of the mother can deteriorate rapidly, and many
complications, including maternal death, may occur if
blood products are not available at the time of need.
Some studies have shown that conditions such as placen-
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Conditions that increase the risk of cesarean-related blood transfusions

tal anomalies and preoperative maternal anemia increase
the possibility of blood transfusion in cesarean operations.[4–7] There is inconsistent information in the literature as to whether conditions such as the number of previous cesarean sections, multiple pregnancies, macrosomia and uterine fibroids increase the possibility of transfusion. However, there are a limited number of studies
evaluating blood transfusion risk in cesarean operations.
There is still no consensus on which patients should
be prepared for a blood transfusion. Preoperative blood
transfusion preparation is done for all patients scheduled
for cesarean surgery in many centers.[8,9] However, there
are still some difficulties in obtaining blood and blood
products in many parts of the world. On the other hand,
when the increasing cesarean rates are taken into
account, unnecessary blood preparation will lead to both
a decrease in blood stocks and an increase in costs.
The aim in this study was to evaluate the conditions
that increase the possibility of receiving a blood transfusion in patients who had a cesarean section in a tertiary
center. The evaluation of factors that are not known preoperatively were excluded from the scope of this study
(adhesion, atony, T-shaped incision, etc.).

Methods
This study was conducted in the province of Konya,
Turkey at a University hospital, where the complicated
cases out of 5000 births per year were collected. The
study was approved by the University Ethics Committee
(Decision no: 2020/2808) and conducted according to
Helsinki Declaration and good clinical practice. All
births between January 2016 and May 2020 were analyzed in the electronic database. All patients who gave
birth before 24 weeks, those who gave birth vaginally
and those whose data was incomplete were excluded. In
addition, 3 patients pregnant with twins one of which
was a normal vaginal delivery and the other by cesarean
section were excluded from the study.
Gestational age was calculated based on the last menstrual date and confirmed by an early stage ultrasound at
less than 12 weeks. Information such as age, body mass
index (BMI), gestational week, obstetric history, preoperative and postoperative hemoglobin values and whether or
not they received perioperative blood transfusion were
recorded for all patients with complete blood count done
at most seven days before the operation. Patients who
decided to have a cesarean section at least eight hours in
advance were defined as ‘elective cesarean’. All other

cesareans were defined as “emergency cesarean”. If more
than one complete blood test was performed preoperative,
the values closest to the time of delivery were recorded.
Anemia was defined as a hemoglobin value below 11
g/dL.[10,11] Thrombocytopenia was defined as a platelet
value below 100 k/μL. Only pregnant women with uterine
fibroids larger than 5 cm were included for the uterine
fibroids criterion. The diagnosis of preeclampsia was made
according to the criteria in the latest American College of
Obstetricians and Gynecologists (ACOG) bulletin.[12]
Pregnant women with new-onset hypertension and
proteinuria after 20 weeks of gestation were defined as
preeclampsia. In addition, pregnant women with newonset hypertension and end-organ damage, even without proteinuria, were also included in this group.
Gestational diabetes mellitus (GDM) was diagnosed
according to the criteria of the American Diabetes
Association.[13] Accordingly, the diagnosis was made with
one-step 75-g OGTT or two-step 100-g OGTT tests
between 24–28 weeks.
Placenta previa, placenta accreta spectrum (PAS) and
polyhydramnios were diagnosed with Samsung H70
(Hampshire, UK) or Voluson E8 (GE Healthcare,
Chicago, IL, USA) ultrasound devices. Placenta previa
was defined as the placenta covering the entire internal
os. The diagnosis of PAS was based on ultrasound showing multiple placental lacunaes, disruption of the bladder
line, loss of the clear zone, myometrial thinning, abnormal vascularity and placental bulge. These diagnoses
were confirmed either perioperatively or pathologically.[14] Polyhydramnios was defined as the measurement of
the single deepest pocket ≥8 cm.
Control hemoglobin values were measured approximately 24 hours after the cesarean section in the clinic
where the study was conducted. The blood transfusion
decision was made according to the patient's vital signs,
perioperative estimated bleeding amount and intraoperative hemoglobin levels, or postoperative hemoglobin
level below 7 g/dL. Transfusion indications were set by
an anesthesiologist during the operation or by obstetricians during the postoperative period. Women who
received a blood transfusion during the cesarean section
or up to 24 hours postoperatively were defined as the
‘transfused group’. All other patients were defined as the
‘non-transfused group’.
Statistical analysis
All data were analyzed by the Statistical Package for
the Social Sciences, SPSS version 23 (SPSS Inc.,
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Chicago, IL, USA). The normal distribution of the
data was evaluated with the Kolmogorov-Smirnov test.
The chi-square test was used for the analysis of categorical data and the Student’s t-test or the MannWhitney U test was used for continuous variables.
Adjusted odds ratios and 95% confidence intervals
were calculated with the logistic regression for potential confounding factors. A p-value of 0.05 was considered statistically significant.
The G* Power 3.1 program (Düsseldorf, Germany)
was used for post hoc power analysis. The α error probability, effect size and power of the study were 0.05, 0.5,
and 0.99, respectively.

Results
A total of 4303 eligible patients were evaluated in this
study. There were 4115 patients (95.6%) in the nontransfused group. The transfused group consisted of 188
patients (4.4%) (Fig. 1). The amount of transfused blood
ranged from 1–6 bags. The highest frequency of blood
transfused was 2 (60.6%) (Fig. 2).

Fig. 1. Subject selection.

Fig. 2. Distribution of transfused blood packs (pRBC: packed red blood cell).
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The transfused group had a lower average age
(29.0±6.0 vs 27.9±6.0, p=0.007). In addition, multiple
gestation rates were higher in the transfused group (3.7%
vs 7.4%, p=0.010). Preoperative hemoglobin and hematocrit values were lower in the transfused group (p-values
<0.001 and <0.001, respectively). The groups were
homogeneously distributed in terms of BMI, gravida,
parity, number of previous cesarean sections and indications (Table 1).
There was no significant difference between the two
groups in terms of GDM, preeclampsia, PROM, emergency cesarean, general anesthesia and birth weight. In
the transfused group, the rates of placenta previa, PAS,
ablatio placenta and babies over 4500 g were higher (pvalues <0.001, <0.001, <0.001, and 0.043, respectively).
Pregnant women in the transfused group gave birth in an
earlier week of gestation (median value was 38.0 vs 37.6,
p<0.001) (Table 2).
In the logistic regression analysis, the possibility of
transfusion was found to be higher in placenta previa,
PAS, thrombocytopenia, preoperative anemia, macrosomia over 4500 grams and multiple gestations [adjusted

OR values (95% CI); 10.58 (range 4.75–23.57), 7.75
(range 3.22–18.61), 7.85 (range 3.46–17.79), 5.71 (range
4.21–7.74), 4.22 (range 1.21–14.67) and 2.10 (range
1.18–3.72), respectively]. There was no increase in the
possibility of transfusion in macrosomia over 4000
grams, uterine fibroids, preeclampsia, PROM, previous
cesarean sections and GDM (Table 3).

Discussion
This study clearly determines some of the conditions that
increase the possibility to receive a blood transfusion.
Preoperative anemia, placenta previa, PAS, thrombocytopenia, macrosomia more than 4500 gram and multiple
gestations are indications in which we identified patients
with a high risk of receiving a blood transfusion.
Cesarean-related transfusion rates vary greatly
from 0.53% to 20% in different studies.[6,7,9,15] The reason for this may be factors such as the socioeconomic
status of the countries where the study was conducted,
anemia rates or the different orientations of physicians
regarding transfusion. Transfusion attitude has been

Table 1. Baseline characteristics of the groups.

Age (year)
BMI (kg/m2)
Gravidity
Parity
Nulliparous
Multiple gestation

No pRBC transfusion
n=4115

pRBC transfusion
n=188

p-value

29.0±6.0
26.2±4.0
2.0 (2.0, 4.0)
1 (0.0, 2.0)
1295 (31.5)
153 (3.7)

27.9±6.0
26.3±4.1
2.0 (1.0, 3.7)
1 (0.0, 2.0)
63 (33.5)
14 (7.4)

0.007
0.677
0.392
0.950
0.556
0.010

2043 (49.6)
1198 (29.1)
594 (14.4)
280 (6.8)
12.4±1.2
37.1±4.2
574 (13.9)
24 (0.6)

103 (54.8)
43 (22.9)
32 (17.0)
10 (5.3)
11.1±1.5
33.1±5.2
91 (48.4)
8 (4.3)

2072 (50.4)
3 (0.1)
1982 (48.2)
37 (0.9)
21 (0.5)

85
1
96
4
2

Number of previous cesarean sections
Primary
Two
Three
Four or more
Preoperative hemoglobin (g/dL)
Preoperative hematocrit (%)
Preoperative anemia
Thrombocytopenia

0.187

<0.001
<0.001
<0.001
<0.001

Indication for cesarean section
Previous cesarean
Previous myomectomy
Maternal-fetal indication
CDMR
Other

(45.2)
(0.5)
(51.1)
(2.1)
(1.1)

0.062

BMI: body mass index; CDMR: cesarean delivery on maternal request; pRBC: packed red blood cell; PROM: premature rupture of membranes. Data are presented as mean ±
standard deviation, median (25%, 75% interquartile range) or n (%). Significant values are shown in bold.

Volume 29 | Issue 3 | December 2021

213

Iﬂ›kalan MM et al.

Table 2. Comparison of the groups in terms of obstetric outcomes.

GDM
Polyhydramnios
Preeclampsia
PROM
Placenta previa
PAS
Ablatio placenta
Gestational age at birth (week)
Emergency cesarean
General anesthesia
Birth weight (g)
>4000 g macrosomia
≥4500 g macrosomia‡

No transfusion
n=4115

Transfusion
n=188

p-value

174 (4.2)
179 (4.3)
378 (9.2)
248 (6.0)
21 (0.5)
21 (0.5)
8 (0.2)
38.0 (24.0–41.6)
1301 (31.6)
747 (18.2)
3140.0 (300, 5010)
175 (4.4)
16 (0.4)

6 (3.2)
7 (3.7)
18 (9.6)
13 (6.9)
9 (4.8)
7 (3.7)
4 (2.1)
37.6 (28.3–40.6)
60 (31.9)
44 (23.4)
3055.0 (350, 4720)
10 (5.7)
3 (1.7)

0.627*
0.680
0.857*
0.618*
<0.001*
<0.001*
<0.001*
<0.001†
0.931*
0.069*
0.062†
0.406
0.043*

GDM: gestational diabetes mellitus; PAS: placenta accreta spectrum; PROM: premature rupture of membranes. Data are presented as mean ± standard deviation, median (min–max)
or n (%). P-values were obtained by *Chi-square test and the †Mann-Whitney U. Significant values are shown in bold. ‡Multiple pregnancies excluded from the calculation.

shown to vary widely among clinicians.[16] In the present study, transfusion rates were determined as 4.4%.
Preoperative anemia is one of the most important factors that increase the risk of blood transfusion and
shows how important it is to combat anemia during
pregnancy. In the present study, the possibility of
blood transfusion increased 5.7 times in pregnant
women with preoperative anemia. The Royal College
of Obstetricians and Gynecologists (UK) and the
French College of Gynecologists and Obstetricians

recommend that the hemoglobin level in pregnant
women should be 8 g/dl and above.[17] Treating preoperative anemia is one of the most important measures
to reduce transfusion during cesarean operations.
It is known that platelet counts below 100 k/μL (70
k/μL according to some studies) before surgical procedures increase the risk of hemorrhage.[18,19] As expected,
in the present study, the possibility of transfusion was
found to be 7.8 times higher in patients with thrombocytopenia.

Table 3. Odds ratios for blood transfusion.

Placenta previa
PAS
Thrombocytopenia
Preoperative anemia
>4500 g macrosomia*
Multiple gestation
>4000 g macrosomia*
Uterine fibroids
Preeclampsia
PROM
GDM
Polyhydramnios

Crude odds ratio
(95% CI)

p-value

Adjusted odds ratio
(95% CI)

p-value

9.80 (4.42–21.70)
7.54 (3.16–17.96)
7.57 (3.35–17.09)
5.78 (4.29–7.80)
4.32 (1.24–14.99)
2.08 (1.18–3.67)
1.320 (0.68–2.54)
1.37 (0.49–3.81)
1.04 (0.63–1.72)
1.15 (0.65–2.04)
0.75 (0.23–2.39)
0.85 (0.39–1.83)

<0.001
<0.001
<0.001
<0.001
0.021
0.011
0.408
0.540
0.857
0.618
0.628
0.680

10.58 (4.75–23.57)
7.75 (3.22–18.61)
7.85 (3.46–17.79)
5.71 (4.21–7.74)
4.22 (1.21–14.67)
2.10 (1.18–3.72)
1.380 (0.71–2.66)
1.67 (0.59–4.69)
1.11 (0.67–1.83)
1.13 (0.63–2.02)
0.874 (0.27–2.80)
0.896 (0.41–1.93)

<0.001
<0.001
<0.001
<0.001
0.023
0.011
0.338
0.330
0.666
0.670
0.874
0.780

0.71 (0.49–1.02)
1.06 (0.71–1.60)
0.70 (0.36–1.37)

0.067
0.750
0.307

0.76 (0.53–1.10)
1.02 (0.63–1.64)
0.71 (0.35–1.45)

0.155
0.922
0.358

Number of cesareans†
2
3
≥4

*Multiple pregnancies are excluded from the calculation for the birth weight odds ratio. †Primary cesarean section is the reference group. Adjusted for: Age, nulliparity, body mass
index, emergency cesarean, general anesthesia, gestational age. GDM: gestational diabetes mellitus; PAS: placenta accreta spectrum; PROM: premature rupture of membranes.
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Multiple pregnancies are thought to be a risk factor
for postpartum hemorrhage, as this is one cause for
enlargement of the entire uterus.[4,5] In the present study,
it was determined that the possibility of transfusion is
higher in multiple pregnancies (adjusted OR=2.10; 95%
CI 1.18–3.72). Since the size of the placental bed is larger in multiple pregnancies, it will not be surprising to
have more bleeding even if there is no atony. However,
Akinlusi et al. stated in their study that multiple gestations do not increase the possibility of receiving a blood
transfusion in cesarean operations (crude OR=1.25; 95%
CI 1.25–4622.06).[9] Polyhydramnios, another reason for
increased uterine volume, is also a risk factor for atony.
However, in the present study, an increase in the possibility of blood transfusion was not detected in pregnant
women with polyhydramnios.
Another reason why uterine volume increases is
macrosomia, defined as birth weight over 4000 or 4500
g, regardless of gestational age.[20] In a study, an
increase in the risk of postpartum hemorrhage was
found in pregnant women carrying macrosomic fetuses (OR 3.18; 95% CI 2.47–4.10),[21] so the risk of transfusion was found to be higher in cesarean deliveries of
babies over 4500 grams. However, there was no
increase in transfusion risk in pregnant women carrying macrosomic babies of 4000–4500 g.
There are inconsistent studies in the literature
regarding the impact of increase in the number of previous cesarean sections on blood transfusion. In a study
conducted by Rouse et al. in 2006, it was found that as
the number of cesarean sections increased, the risk of
transfusion increased.[6] In a study by Abdelazim et al., the
risk of blood transfusion was found to be 4.7 times higher in pregnant women with a third cesarean section compared to pregnant women with a second cesarean section.[2] In some studies, it has been found that the increase
in the number of previous cesarean sections does not
increase the risk of postpartum bleeding.[15,22] In the present study, there was no evidence that the number of
cesarean sections had increased the risk of transfusion. In
countries with a high number of previous cesarean sections, the experience of obstetricians and the clinic's
transfusion habits may be effective in these differences.
In a multicentric study, it was determined that uterine fibroids increased the risk of cesarean delivery and
postpartum hemorrhage in pregnant women.[23] In some
studies, an increase in the possibility of blood transfusion was found in uterine fibroids above 5 cm, where the
size and location of the fibroids are determinants.[24] In

the present study, there was no increase in the possibility of receiving blood transfusion when cesareans were
performed on pregnant women with uterine fibroids of
5 cm or more. It is difficult to determine the risk of
bleeding in pregnant women with fibroids due to many
confounder factors such as the location, number of
fibroids, and the distance to the incision site.
In a study in which cesarean and normal vaginal
deliveries were evaluated together, the risk of peripartum
blood transfusion was found to be higher in the presence
of hypertension (OR=2.41; 95% CI 2.29–2.53).[25] In the
current study, the transfusion rate was not increased in
patients with preeclampsia. The reason for this may be
that only women who gave birth by cesarean section
were evaluated in the current study.
Although the fasting glucose levels of the patients
who received transfusions were found to be high, there
are not enough studies on this subject.[25] In our current
study, it was determined that GDM did not increase
the risk of blood transfusion.
The strength of this study is that it evaluated the
patients who received a cesarean-related transfusion in
a sufficient number of cases in terms of the many confounder factors (polyhydramnios, PROM, myoma
uteri, macrosomia, etc.) in a tertiary center.
This study also has limitations. The limitations of
the study are that it is single-centered, retrospective,
and the patients who underwent transfusion are not
sub-grouped and analyzed according to the amount
transfused. It is also known that the experience of the
surgeon plays a role in bleeding. Therefore, the possible confounder effect of surgeries performed by different teams can be considered among the limitations.[26]

Conclusion
In conclusion, the risk of blood transfusion in cesarean
operations varies greatly between different countries.
Pregnant women with placenta previa, PAS, thrombocytopenia, preoperative anemia, >4500 g of macrosomia
and multiple gestations should be prepared for blood
transfusion before a cesarean operation. Tackling anemia during pregnancy will decrease cesarean-related
transfusion rates.
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Abstract

Özet: Fetal tek umbilikal arter tan›s› alm›ﬂ gebeliklerde
prenatal ve neonatal sonuçlar

Objective: To investigate the associated anomalies and outcomes of
fetuses diagnosed as having a single umbilical artery (SUA) which
were reported inconsistently in previous studies.

Amaç: Çal›ﬂman›n amac›, önceki çal›ﬂmalarda çeliﬂkili ﬂekilde bildirilmiﬂ olan tek umbilikal arter (single umbilical artery, SUA) tan›s› alm›ﬂ fetüslerin iliﬂkili anomalilerini ve sonuçlar›n› araﬂt›rmakt›r.

Methods: The data of 82 pregnancies with fetal SUA, 35 of which
were complex, and 47 isolated SUA (iSUA) and 100 pregnancies with
fetal double umbilical arteries (DUA) between June 2018 and July
2020 were retrieved. We compared the maternal characteristics, and
pregnancy and fetal outcomes of the three groups (iSUA, SUA, and
DUA).

Yöntem: Haziran 2018 ile Temmuz 2020 aras›nda, 35’i kompleks
ve 47’si izole SUA (iSUA) olan fetal SUA’l› 82 gebenin ve fetal çift
umbilikal arterli (double umbilical arteries, DUA) 100 gebenin verileri topland›. Üç grubun (iSUA, SUA ve DUA) maternal özellikleri ile
gebelik ve fetal sonuçlar› karﬂ›laﬂt›r›ld›.

Results: Of 82 fetuses with SUA, 35 had 64 major structural abnormalities. 20 of these 35 fetuses (57.1%) had cardiovascular malformations, 12 (34.2%) had central nervous, 10 (28.5%) had genitourinary,
and eight (22.8%) had gastrointestinal system malformations. Isolated
SUA was present in SUA. Compared with the 100 DUA fetuses, SUA
was a risk for intrauterine growth restriction (IUGR), preterm delivery, Apgar scores of <7, and admission to the neonatal intensive care
unit. Having fetal chromosomal or structural abnormalities, was a risk
for amnion fluid abnormality, pregnancy termination, intrauterine
fetal death, early neonatal death, and a low live birth ratio in SUA
cases.

Bulgular: SUA’l› 82 fetüsün 35’inde 64 majör yap›sal anomali, bu 35
fetüsün 20’sinde (%57.1) kardiyovasküler malformasyonlar, 12’sinde
(%34.2) merkezi sinir sistemi malformasyonlar›, 10’unda (%28.5) genitoüriner sistem malformasyonlar› ve 8’inde (%22.8) gastrointestinal sistem malformasyonlar› mevcuttu. ‹zole SUA, SUA olgular› içinde yer almaktayd›. DUA’l› 100 fetüs ile karﬂ›laﬂt›r›ld›¤›nda, SUA intrauterin büyüme k›s›tl›l›¤› (IUGR), preterm do¤um, 7’den küçük
Apgar skorlar› ve yenido¤an yo¤un bak›m ünitesine yat›ﬂ için bir risk
oluﬂturmakta idi. SUA olgular›nda fetal kromozomal veya yap›sal
anomaliye sahip olmak; amniyotik s›v› anomalisi, gebeli¤in sonland›r›lmas›, intrauterin fetal ölüm, erken neonatal ölüm ve düﬂük canl›
do¤um oran› için risk faktörü idi.

Conclusion: SUA has an increased rate of fetal structural and chromosomal abnormalities. Among them, the most detected one is cardiac and the second most common one is central nervous system
malformations. Pregnancies with fetal SUA have increased risk for
IUGR, preterm delivery, low Apgar scores, and admission to the
neonatal intensive care unit. The presence of additional structural or
chromosomal malformations increases the rate of these adverse
pregnancy risks. Thus, these cases warrant dedicated fetal ultrasonographic organ screening and close prenatal follow-up.

Sonuç: SUA, artan bir oranda fetal yap›sal ve kromozomal anomaliye sahiptir. Bunlar aras›nda en çok tespit edilen kardiyak malformasyonlar ve ikinci en yayg›n olan ise merkezi sinir sistemi
malformasyonlar›d›r. Fetal SUA’l› gebelikler; IUGR, preterm do¤um, düﬂük Apgar skorlar› ve yenido¤an yo¤un bak›m ünitesine
yat›ﬂ yönünden artm›ﬂ riske sahiptir. Ek yap›sal veya kromozomal
malformasyon varl›¤›, bu advers gebelik risklerinin oran›n› art›rmaktad›r. Bu nedenle bu olgular, özel fetal ultrasonografik organ
taramas›na ve yak›n prenatal takibe gereksinim duymaktad›r.

Keywords: Karyotypic abnormality, isolated single umbilical
artery, prenatal ultrasonography, single umbilical artery, structural
abnormalities.

Anahtar sözcükler: Karyotipik anomali, izole tek umbilikal arter,
prenatal ultrasonografi, tek umbilikal arter, yap›sal anomaliler.
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Introduction
Single umbilical artery (SUA) is one of the most common abnormalities detected prenatally. Its prevalence
varies, ranging from 0.2% to 2%, depending on the
study population and gestational weeks at the ultrasonographic examination. It is more common in Caucasians
than in any other races and increases with advancing gestational weeks. Its prevalence is higher in multifetal gestations than in singleton pregnancies.[1] Environmental,
genetic, and hemodynamic disturbances in the first
weeks of gestation have been blamed as factors in the etiology of SUA because it is more common among pregnancies of mothers who smoke, and those with hypertension, twins, and siblings.[1,2]
Three main theories have been proposed to explain
the pathogenesis of SUA: primary agenesis and secondary atresia/atrophy of one of two umbilical arteries
(UMA), and persistence of the allantoic artery of the
body stalk. Of these theories, the most accepted is the
theory of secondary atrophy/atresia because in some
cases of SUA there are two UMAs displayed in ultrasonography (USG) findings in early gestational weeks.[3]
The presence of SUA has been accepted as a soft
marker for fetal congenital structural and chromosomal
abnormalities.[1,4–6] Although there are many case reports
or small case series in the literature, most large-scale
studies date back at least 7 years, and many are at least 10
years old. Indeed, two metanalyses comprising seven
studies (three cohort and four case-control studies) and
11 studies (nine cohort and two case-control studies),
respectively, were able to identify its relation with congenital structural and chromosomal abnormalities. In
more than half of the studies included in the first metanalysis, fetal karyotyping was not reported. In the more
recent metanalysis, the rate of abnormal karyotype was
not reported. Therefore, the data on the incidence of
abnormal karyotypes are relatively scarce. Moreover,
fetal abnormalities can be picked up more easily with
higher quality USG machines, better conceptualized
sonographic examinations (neuro sonography and cardiac screening), and the availability of chromosome
microarray analysis.[7,8]
There is a discrepancy between the reported frequencies of adverse pregnancy outcomes in studies comparing SUA and DUA cases.[5,7,9–16] For example, compared with DUA, some studies reported higher rates of
IUGR,[5,10,11] preterm delivery,[9,10] and lower 1-minute and
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5-minute Apgar scores,[15] whereas others reported similar rates of IUGR,[12,13] preterm delivery,[14] and 1-minute
and 5-minute Apgar scores.[16] Many studies reporting
accompanying structural malformations in SUA cases
pointed out affected organs rather than exact abnormalities.[1,2,5] In addition, there is a scarcity of studies evaluating the outcomes of SUA with additional structural and
chromosomal malformations. Therefore, to provide a
better basis for counselling affected pregnant women, it
is clear that further studies are needed.
In the present study, we aimed to evaluate chromosomal and structural abnormalities, maternal characteristics, and fetal outcomes of cases of SUA by comparing
fetuses with isolated SUA (iSUA), complex SUA, and
DUA (control group).

Methods
We conducted a retrospective study by evaluating cases
of SUA diagnosed between June 2018 and July 2020.
The Institutional Review Board (IRB) of Etlik Zübeyde
Han›m Women’s Health and Training Hospital
approved the study (IRB #21-05). For the study, the data
of cases of SUA were retrieved from the hospital database. To compare cases of SUA with controls, the data
of 100 age-matched pregnancies with fetal DUA were
selected. The cases of SUA were grouped as isolated
SUA (iSUA) and complex SUA depending on the presence of structural abnormalities. Isolated SUA was
determined as SUA without structural or chromosomal
abnormalities.
Gestational age was calculated according to the first
day of the last menstrual period (LMP) and crown-rump
length revealed in the first-trimester USG examination.
If there were seven or more days between dating according to the LMP and first-trimester USG, the gestational age was corrected according to first-trimester USG.
When the death of a fetus occurred at ≤23 gestational weeks, the death was classified as intrauterine fetal
demise (IUFD), and those dying in-utero at ≥24 gestational weeks were classified as stillbirths. Intrapartum
fetal death is defined as the death of an infant after the
onset of labor but before they are born. Pregnancy termination refers to elective abortions due to major fetal
structural or chromosomal abnormalities.
IUGR was determined as estimated fetal weight
(EFW) of <3rd percentile based on sonographic measurements of the fetal biparietal diameter, head circum-
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ference, abdomen circumference, and femur length.[17]
To eliminate confounding factors, multifetal pregnancies were excluded.
Delivery between the 24th and 37th gestational
weeks was defined as preterm delivery regardless of fetal
viability. Amnion fluid was evaluated based on single
deepest vertical pocket measurements, which when less
than 2 cm was diagnosed as oligohydramnios, between 2
and 8 cm as normal, and above 8 cm as polyhydramnios.
According to our clinical protocol, after SUA was
diagnosed in a detailed fetal anatomic USG, screening
was performed by an experienced perinatologist. The
device used was a Voluson E6 equipped with 5–9-MHz
volumetric transvaginal transducers and a 4–8-MHz volumetric convex abdominal transducer, (GE Medical
Systems, Horten, Norway). For pregnancies in the first
trimester or those with poor image quality due to obesity, transvaginal USG screening was performed in
adjunct to abdominal USG screening. The diagnosis of
SUA was made from either a color Doppler view of the
umbilical arteries on both bladder wall sides or by displaying a cross-section of the umbilical cord loop. All
patients with SUA were screened using fetal echocardiography. Amniocentesis with chromosome analysis was
offered to all parents with fetal SUA. Chromosomal
microarray analysis was made in patients with SUA with
additional structural malformations who consented.
Routine prenatal care was offered to patients with
iSUA. For patients diagnosed as having complex SUA,
special prenatal care depended on accompanying structural or karyotypic abnormality. These couples were
counseled in detail about prognosis, and pregnancy termination was offered when it was thought there was a
poor prognosis.
The demographic characteristics of the pregnant
women including age, body mass index (BMI), smoking
status, parity, maternal chronic disease were collected at
the time of the examination and noted. The course and
outcomes of pregnancies with SUA including amnion
fluid abnormalities, IUGR, preeclampsia, and fetal 1minute and 5-minute Apgar scores, pregnancy termination, intrapartum fetal death, preterm delivery, admission to the neonatal intensive care unit (NICU), and
early neonatal death were also noted.
Statistical analysis
The SPSS statistics software version 21 (IBM, Armonk,
NY, USA) was used for evaluating the data. The results

of patients stratified as having iSUA and complex SUA
and controls (DUA) were compared. The normality of
continuous variables was assessed using the KolmogorovSmirnov test and histograms. One-way analysis of variance (ANOVA) was used for independent samples with
normal distribution, and the Kruskal-Wallis test was used
for samples that were not normally distributed. P-values
<0.05 were accepted as statistically significant. Bonferroni
correction was used for statistical significance.

Results
During the study period, a total of 82 pregnancies were
diagnosed as having fetal SUA. Of those, 35 (42.68%)
had at least one structural or chromosomal abnormality
and 47 (57.32%) were iSUA. There were no significant
differences in maternal characteristics between the complex and iSUA and DUA groups regarding maternal age,
parity, BMI, smoking status, nationality, preeclampsia,
and maternal chronic diseases. The mean gestational
weeks at diagnosis of complex SUA was earlier than in
iSUA cases (14.2±3.1 vs. 20.4±5.7 weeks, p<0.001).
Amnion fluid abnormalities were more common in the
complex SUA group than in the iSUA and DUA groups
(p<0.05), but there was no difference between the iSUA
and DUA controls (p>0.05). Nine (25.7%) patients in the
SUA group had IUGR, 10 (21.2%) in the iSUA group
had IUGR, and four (4.0%) in the DUA controls had
IUGR; the incidence of IUGR in the SUA and iSUA
groups was similar (p>0.05), but both were higher than in
DUA controls (p=0.01) (Table 1).
Table 2 demonstrates the comparisons of fetal outcomes in the iSUA, complex SUA and DUA groups.
SUA was a risk factor for Apgar scores of <7 and NICU
need, and the presence of concomitant additional structural and chromosomal abnormalities further increased
these risks. In other words, the incidence of Apgar scores
of <7 and NICU need was SUA> iSUA >DUA (p<0.001).
Fourteen (50%) patients in the SUA group had preterm
deliveries, 13 (30.2%) in the iSUA group had preterm
deliveries, and 11 (11.2%) patients among the DUA controls had preterm deliveries. The incidence of preterm
delivery in the SUA and iSUA groups were similar; however, both were higher than the DUA controls (p<0.001).
Although there were no differences between the iSUA
and control groups regarding to intrauterine fetal death
and early neonatal death, these were significantly higher
in the complex SUA group (p<0.05). The iSUA group
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Table 1. Maternal characteristics and pregnancy-related parameters.
Complex SUA
n=35 (%)

Variables

Isolated SUA
n=47 (%)

DUA
n=100 (%)

p-value

Maternal age (years)

28.4±5.9

28.2±6.4

28.8±4.9

0.830

Maternal BMI (kg/m2)

25 (21–34)

25 (20–38)

25 (19–44)

0.743
0.062

Smoking
Nationality

Turkey

4 (11.4)

4 (8.5)

2 (2.0)

32 (91.4)

43 (91.5)

91 (91.0)

3 (8.6)

4 (8.5)

9 (9.0)

Syria
Maternal disease
IUGR

1 (2.9)

5 (10.6)

10 (1.0)

9 (25.7)*

10 (21.2)*

4 (4.0)†,‡

0.01

1 (2.8)

2 (4.3)

3 (3.0)

0.912

Preeclampsia
Amniotic fluid

Parite

0.994
0.383

Reduced

6 (17.1)*

5 (10.6)

4 (4.0)‡

0.041

Normal

25 (71.5)*

39 (83.0)

95 (95.0)‡

0.001

Increased

4 (11.4)*

3 (6.4)

1 (1.0)‡

0.026

Multiparous

21 (60.0)

28 (59.5)

64 (64)

0.841

Nulliparous

14 (40.0)

19 (40.5)

36 (36)

0.904

*Different from DUA cases; †different from isolated cases; ‡different from complex cases. BMI: body mass index; DUA: double umbilical artery; IUGR: intrauterine growth restriction; SUA: single umbilical artery.

was not different from the DUA control group in respect
to pregnancy terminations; however, seven pregnancies
were terminated due to major fetal structural and chromosomal anomalies in the complex group, which was statistically higher than in the iSUA and DUA control
groups (p<0.05).
A total of 64 major structural malformations were
detected in 35 fetuses. Of these 35 fetuses, 20 (57.1%)

had cardiac malformations, 12 (34.2%) had central nervous system malformations, 10 (28.5%) had genitourinary
malformations, 8 (22.8%) had gastrointestinal malformations, and 5 (14.2%) had musculoskeletal system malformations. There was a single anomaly in 18 fetuses, two
anomalies in eight fetuses, and three or more in nine
fetuses. Among the 64 detected structural malformations,
the most common ones were cardiac malformations

Table 2. Fetal and neonatal outcomes.
Complex SUA
n=35 (%)

Variables

(57.1)*,†

Isolated SUA
n=47 (%)
43

(91,4)‡

DUA
n=100 (%)
98

(100)‡

p-value

Live birth

20

Apgar score (1-minute)

8.5 (0–9)*,†

9 (0–9)‡

9 (5–9)‡

<0.001
<0.001

Apgar score (5-minute)

9.5 (0–10)*,†

10 (0–10)‡

10 (6–10)‡

<0.001

Apgar score <7

7 (20)*,†

4 (8.6)*,‡

2 (2)†,‡

<0.001

Stillbirth

3 (8.5)*

1 (2.1)

0 (0)‡

0.012

Early neonatal death

3 (8.5)*

1 (2.1)

0 (0)‡

0.012

Intrapartum fetal death

2 (5.7)*

1 (2.1)

0 (0)‡

0.070

IUFD (>20 w, ≤23 w)

1 (2.9)

2 (4.3)

2 (2)

0.737

Pregnancy termination

9 (25.8)*,†

0 (0)‡

0 (0)‡

<0.001

Preterm delivery

14/25 (50)*

13/45 (30.2)*

11/98 (11.2)†,‡

<0.001

Admission to NICU

14/20 (70)*,†

10/43 (23.2)*,‡

3/98 (3)†,‡

<0.001

Female

20 (57)

22 (47)

51 (51)

0.651

Male

15 (43)

25 (53)

49 (49)

Gender

*Different from DUA cases; †different from isolated cases; ‡different from complex cases. DUA: double umbilical artery; IUFD: intrauterine fetal death; NICU: neonatal intensive care unit; SUA: single umbilical artery; w: weeks.
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(n=23, 35.9%), followed by central nervous system malformations (n=15, 23.5%), gastrointestinal malformations (n=7, 10.9%), and genitourinary system malformations (n=6, 9.4%). The most detected cardiovascular
anomaly was hypoplastic left heart. Table 3 shows fetal
structural anomalies detected in patients with SUA.
A total of 42 patients, of which consisting of thirtyfive patients with complex SUA and seven with iSUA,
underwent amniocentesis with chromosomal analysis.
There were no karyotypic abnormalities in patients with
iSUA, neither prenatally nor postnatally. Among patients
with complex SUA five had karyotypic abnormalities: trisomy 13 (n=2), trisomy 18 (n=1), and Turner (n=1) and
DiGeorge syndrome (n=1).
We also noted other soft markers present along with
SUA, which were hyperechogenic bowel in 14 cases, cardiac hyperechogenic focus in four cases, short femur and
humerus in one case, and hypoplastic nasal bone in one
case.

Discussion
We found that the SUA even in the absence of other
anomalies posed risks for adverse prenatal outcomes
including IUGR, Apgar scores of <7, preterm delivery,
and admission to the NICU (p<0.05). In addition to
risks with iSUA, the presence of concomitant fetal
structural or chromosomal anomalies increased the
risks of amnion fluid abnormalities, intrauterine fetal
death, early neonatal death, and pregnancy termination, and further increased risks of Apgar scores of <7
and admission to the NICU (p<0.05).
In this study, 42.6% (35/82) of the patients with
SUA had at least one structural abnormality. Similarly,
in the literature, the reported frequency of additional
abnormalities with SUA varies, ranging between
13–50%.[2,10,18] Besides the effect of race and gestational
weeks in fetal USG evaluations, one explanation for
this high variability in accompanying fetal structural
abnormalities may be the characteristics of the center
at which the study was performed. We think that there
is a high possibility that patients with complicated SUA
including those with fetal structural or karyotypic
abnormalities and IUGR are referred to tertiary centers. In line with our opinion, population-based studies[10] reported lower additional structural defects than
those conducted in referral centers.[2,18] However, even
in population-based studies, the reported frequency of

Table 3. Structural malformations by the organ systems involved in 82
fetuses with SUA (35 fetuses with at least one structural malformation).
Organ systems

Total (n=64)

Cardiovascular system
Truncus arteriosus
Anomalous pulmonary venous return
Dextrocardia
Hypoplastic left heart
Coarctation of aorta
Ectopia cordis
Double outlet right ventricle
Pericardial effusion
Pulmonary artery-right ventricular hypoplasia
Tetralogy of Fallot
Right atrium dilatation
Septal aneurysm
Ventricular septal defect
Transposition of great arteries

23 (35.9%)
2
1
2
4
1
1
2
2
1
1
1
1
3
1

Central nervous system
Ventriculomegaly
Iniencephaly
Lemon sign
Neural tube defects
Rhombencephalosynapsis
Corpus callosum agenesis (partial)
Cystic hygroma
Cephalocele
Cerebellar cyst

15 (23.5%)
4
1
2
2
1
1
2
1
1

Gastrointestinal system
Diaphragmatic hernia
Cleft lip/palate
Omphalocele
Gallbladder aplasia
Avascular body in liver

7 (10.9%)
2
1
2
1
1

Genitourinary system
Multicystic dysplastic kidney (bilateral)
Renal agenesis

6 (9.4%)
4
2

Musculoskeletal system
Skeletal dysplasia
Sirenomelia
Scoliosis
Rocker bottom feet
Club foot

5 (7.8%)
1
1
1
1
1

Others
Hydrops fetalis
Thymus hypoplasia
Thorax hypoplasia
Jugular cyst
Umbilical cord aneurysm
Ocular coloboma

8 (12.5%)
1
2
1
1
2
1

additional structural and chromosomal abnormalities
in cases of SUA were much more common than in
patients without SUA, thus fetuses with SUA warrant a
detailed fetal ultrasonographic evaluation and genetic
testing, especially those with SUA with additional
structural defects.[4]
Volume 29 | Issue 3 | December 2021
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With advancing imaging quality of USG, SUA can
be diagnosed as early as the 11th gestational week by
displaying the absence of one of the two umbilical
arteries on the bladder wall side or a cross-section of
the free umbilical cord.[19] Diagnosing these cases in
earlier gestational weeks has the potential to change
the frequency of detecting additional anomalies with
SUA. For example, most renal and gastrointestinal
abnormalities cannot be detected before certain gestational weeks because amnion fluid in early gestational
weeks is not dependent on fetal urination and physiologic gut herniation before 12 gestational weeks.[20,21] In
the current study, most of the SUA cases were diagnosed in the second trimester; however, complex SUA
cases were detected in earlier gestational weeks than
iSUA (p<0.001). This may result from the fact that
when a structural or chromosomal abnormality is
detected, the patient is subject to more detailed fetal
anatomic screening, which heightens the possibility of
detecting SUA. Unlike previous studies which found
genitourinary or gastrointestinal system anomalies as
the second most common anomaly,[10,22] we found fetal
central nervous system anomalies as the second most
frequent group of anomalies. Similar to previous studies, in this study, cardiac anomalies were the most commonly detected abnormalities (24.3%, 20/82).[2,5,18]
Wang et al. evaluated 152 singleton pregnancies and
found that the frequency of cardiac anomalies with
SUA was 12.5%, and the most common cardiac anomalies were hypoplastic left heart syndrome (HLHS),
single ventricle, and double-outlet right ventricle
(DORV).[18] This is in line with our study because we
found the most common fetal cardiac anomalies as
HLHS, ventricular septal defect, and DORV. There
were karyotypic abnormalities in five (6.1%) patients
with SUA. The frequency of detected karyotypic
abnormalities revealed in this study is comparable with
other studies, which ranged from 1.3% to 15.3%.[10,22–25]
However, the number of our patients who consented
to genetic tests was relatively low, which may not
reflect the true percentages of genetic abnormalities.
Similar to previous studies, there were no karyotypic
abnormalities in patients with iSUA.[5] There were 14
patients with at least one soft marker including hyperechogenic bowel, intraventricular bright focus, nasal
hypoplasia, and short femur and humerus in the iSUA
group; however, the presence of these soft markers
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along with iSUA has not increased karyotyping abnormalities of patients with iSUA.
How prenatal care should be given in pregnancies
with SUA is a matter of debate. Although there are
studies that found normal development in fetuses with
SUA and recommended standard prenatal care,[2,26]
most studies found an impairment in development with
SUA and suggested intervallic biometric measurements and Doppler evaluations for the timely discovery of possible IUGR.[1,2,5,7,10,27] We would support the
latter because the frequency of IUGR were 25.7%
(9/35) in SUA, 21.2% (10/47) in iSUA vs. 4% (4/98) in
the DUA controls. The possible mechanism of IUGR
in iSUA was explained by the reduction of cytoplasmic
mass resulting from malnutrition. Considering patients
with complex SUA, there is another contributing factor, in addition to cytoplasmic mass reduction, which is
total cell reduction.[28] Although there is consensus that
the presence of complex SUA increases the incidence
of preterm delivery, but this relation in iSUA remains
a dilemma.[10,11,27,29] The current study showed that along
with SUA, iSUA was a risk for preterm delivery.
Although most preterm deliveries were due to iatrogenic deliveries related to IUGR, there were other
contributing factors including preterm premature rupture of membranes and preterm labor. The frequency
of other adverse pregnancy outcomes including fetal
Apgar scores of <7 and admission to the NICU were
higher in the SUA group compared with the DUA
controls, which is in agreement with previous studies.[1,7]
Consistent with our study, many studies showed that
the presence of additional or chromosomal abnormalities in patients with SUA increased the frequency of
adverse pregnancy outcomes including amnion fluid
abnormalities, intrauterine fetal death, death after birth,
and pregnancy termination.[5,10] Therefore, we think that
the prenatal care of these fetuses must be specified considering the type of accompanying abnormality.
A limitation of the study was that this cohort was
from a tertiary referral center, which may have overrepresented patients with abnormalities or pregnancies
complicated by IUGR, amnion fluid abnormalities or
preterm labor, which may not reflect the true ratios.
Fetal cardiac echography was performed in all patients,
but the majority were in the early gestational weeks,
which were not optimal for fetal cardiac evaluation.

Prenatal and neonatal outcomes of pregnancies diagnosed with fetal single umbilical artery

Conclusion
Cardiac anomalies were the most detected anomalies in
patients with SUA, followed by anomalies affecting the
central nervous system. The frequencies of adverse
outcomes including IUGR, Apgar scores of <7, and
admission to the NICU were higher in the SUA group
compared with DUA controls. The presence of accompanying fetal structural or chromosomal anomalies
with SUA increases the risks of pregnancy termination,
amnion fluid abnormalities, intrauterine fetal death,
fetal death after delivery, preterm delivery, and further
increases the risks for Apgar scores of <7 and admission
to the NICU. Thus, fetuses with SUA warrant detailed
ultrasonographic fetal anatomic screening and close
prenatal follow-up.
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Abstract

Özet: Umbilikal kord ve yenido¤an sonuçlar›
aras›ndaki iliﬂki

Objective: This study investigated the relationship between umbilical vein diameter and cord length and fetal outcome in low-risk
pregnancies (fetuses appropriate for gestational age [AGA]).
Methods: A prospective cohort study of 39 singleton pregnant
women aged 19–44 years at between 38+0 and 41+6 weeks of gestation was conducted. Case demographics, umbilical vein diameter
measured by prenatal ultrasound, postnatal birth weight, gender, 1and 5-minute Apgar scores, blood gas analysis, and umbilical cord
length were recorded. Fetuses with a fetal weight in the 10–90th percentile according to week of gestation were accepted as AGA.
Results: The mean age of the pregnant women was 27.5±5.3 years.
33% (13/39) of the pregnant women were nulliparous. There was no
statistically significant correlation between umbilical vein diameter
and other variables in correlation analysis (p>0.050). Umbilical cord
length and umbilical vein lactate level were found to have a statistically negative and significant correlation (r=-0.418; p=0.015); however,
no other pregnancy outcomes were found to have a significant correlation. There was no statistically significant difference between the
median values of umbilical vein diameter and cord length by gender
(p=0.076 and 0.181, respectively).
Conclusion: In conclusion, this study found no relationship
between umbilical vein diameter and cord length and fetal weight
and pregnancy outcome in low-risk 38.0–41.6-week pregnancies
(AGA fetuses). However, the obtained results still need to be confirmed by larger series.

Amaç: Çal›ﬂmam›zda, düﬂük riskli gebeliklerde (gestasyonel yaﬂa göre normal fetüsler [AGA]) umbilikal ven çap› ile kordon uzunlu¤u ve
fetal sonuç aras›ndaki iliﬂkiyi araﬂt›rd›k.
Yöntem: Gebeli¤in 38+0 ve 41+6. haftalar› aras›nda 19–44 yaﬂ›ndaki 39 tekil gebelikten oluﬂan prospektif bir kohort çal›ﬂmas› gerçekleﬂtirildi. Olgular›n demografik özellikleri, prenatal ultrason ile
ölçülen umbilikal ven çap›, postnatal do¤um a¤›rl›¤›, cinsiyet, 1. ve
5. dakika Apgar skorlar›, kan gaz› analizi ve umbilikal kord uzunlu¤u kaydedildi. Gestasyonel haftaya göre 10–90. persantilde olan
fetal a¤›rl›kl› fetüsler AGA kabul edildi.
Bulgular: Gebelerin ortalama yaﬂ› 27.5±5.3 idi. Gebelerin %33’ü
(13/39) nullipard›. Korelasyon analizinde umbilikal ven çap› ve di¤er de¤iﬂkenler aras›nda istatistiksel olarak anlaml› korelasyon
yoktu (p>0.050). Umbilikal kord uzunlu¤u ve umbilikal ven laktat
seviyesinin istatistiksel olarak negatif ve anlaml› korelasyona sahip
oldu¤u bulundu (r=-0.418; p=0.015); ancak di¤er gebelik sonuçlar›nda anlaml› korelasyon yoktu. Cinsiyete göre umbilikal ven çap›
ve kordon uzunlu¤unun medyan de¤erleri aras›nda istatistiksel
olarak anlaml› fark yoktu (s›ras›yla p=0.076 ve 0.181).
Sonuç: Sonuç olarak çal›ﬂmam›zda, 38.0–41.6 haftal›k gebeliklerde (AGA fetüslerde) umbilikal ven çap› ve kordon uzunlu¤u ile fetal a¤›rl›k ve gebelik sonucu aras›nda bir iliﬂki bulamad›k. Ancak
elde edilen sonuçlar›n yine de daha büyük seriler ile do¤rulanmas› gerekmektedir.

Keywords: Umbilical vein diameter, umbilical cord length,
umbilical vein, umbilical cord, fetal outcome.

Anahtar sözcükler: Umbilikal ven çap›, umbilikal kord uzunlu¤u,
umbilikal ven, umbilikal kord, fetal sonuç.

Introduction
Factors affecting fetal development include genetics,
fetal aneuploidy, maternal hypertension, diabetes mellitus, and placental factors.[1,2] While the placenta supplies

the fetus with oxygen and nutrients, it transports carbon
dioxide and waste products formed by the fetus into the
maternal circulation.[3,4] The umbilical cord is a helical
link that is vital to the development of the fetus. When
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the umbilical cord is sectioned, there are two arteries and
a vein in the umbilical cord wrapped with Wharton’s gel.
The umbilical vein is the source of nourishment for the
fetus, and studies show that fetal growth is delayed when
blood flow in the umbilical vein is inadequate.[5,6]
There are studies showing that umbilical vein diameter and umbilical cord diameter are associated with fetal
weight.[7,8] There are studies reporting the relationship
between small umbilical cord diameter and adverse pregnancy outcomes in fetuses with fetal growth retardation.[9] It has been noted that in the second trimester of
pregnancy, pregnant women with thin umbilical cords
have an increased likelihood of having fetal growth retardation.[9] There are studies reporting that umbilical vein
diameter measured in the third trimester does not help
predict estimated fetal weight.[10]
The normal length of the umbilical cord is 50–60
cm.[11] Fetal growth retardation, congenital anomalies,
intrapartum fetal distress, and an increased risk of fetal
death are all associated with a short umbilical cord.[12] A
long umbilical cord is associated with fetal risks, such as
cord along its length, cord prolapse, cord knots, and
intrapartum fetal distress.[11,13]
There is limited information on the relationship
between umbilical vein diameter and cord length and
fetal outcomes in low-risk pregnant women (fetuses
appropriate for gestational age [AGA]). This study examined the relationship between umbilical vein diameter
and cord length with fetal outcome in low-risk pregnancies (AGA fetuses).

ments confirmed the week of gestation. Those with multiple pregnancies, pregnancy complications such as diabetes and hypertension, physical and chromosomal
anomalies in their fetuses, fetal losses, intrauterine
growth restriction, pre-term or post-term delivery,
oligohydramnios, or polyhydramnios were excluded
from the study. Case demographics, umbilical vein diameter measured by prenatal ultrasound, postnatal birth
weight, gender, 1- and 5-minute Apgar scores, blood gas
levels, and umbilical cord length were recorded.
The diameter of the umbilical vein was measured at
the free part of the umbilical cord. During the measurements, the diameter of the umbilical vein (UV) was
measured from the outside to the outside at the widest
point of the umbilical cord (Fig. 1). The measurements
were always performed by the same operator (CS). The
measurements were performed three times. The average
of these three measurements was taken. Measurements
were performed using a Toshiba brand Aplio 400 model
(Toshiba Medical Systems Corporation, Tochigi, Japan)
and a 6.0–1.9 MHz 4D probe. The measurements were
performed in patients whose uterine contractions had
not yet started. The umbilical cord was clamped after
birth. It was cut into two parts. The total length of the
umbilical cord was determined in mm by measuring the
two ends with separate measuring tapes. After the placenta was removed, it was weighed, and its weight was
noted in grams.
Statistical Package for the Social Sciences (version 25,
SPSS Inc., Chicago, IL, USA) was used to analyze the

Methods
This prospective cohort study was conducted at the
Kütahya Health Sciences University Evliya Çelebi
Training and Research Hospital between 01.07.2021 and
01.09.2021. Ethical approval was obtained from the
Non-invasive Ethics Committee of Kütahya Health
Sciences University, Kütahya, Turkey (Research number: 2021/11-08). The study was conducted with 39 singleton pregnant women aged between 38+0 and 41+6
weeks, 19–44 years. According to the week of gestation,
a singleton pregnancy was determined to be AGA inclusion criteria. Fetuses with a fetal weight in the 10-90th
percentile according to week of gestation were accepted
as AGA. The week of gestation was determined by the
last menstrual period, and early ultrasound measure-
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Fig. 1. Measurement of umbilical vein diameter by ultrasonography.
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data. Data are presented as mean ± standard deviation and
median [25th percentile; 75th percentile]. Conformity to
normal distribution was assessed using KolmogorovSmirnov test or Shapiro-Wilk test. Differences in continuous variables between groups were evaluated using
Mann-Whitney U test. The relationships between categorical data and groups were analyzed using chi-square
test. Correlations between variables were assessed using
Spearman’s correlation coefficient. A value of p<0.05 was
considered statistically significant.

Table 1. Demographic data of cohort.
Age (years)

27.5±5.3
27.0 [23.0; 32.0]

BMI (kg/m2)

29.1±5.6
28.6 [26.1; 31.2]

Gestational age (weeks)

38.8±1.3
39.0 [38.0; 40.0]

Parity

1.2±1.3
1.0 [0.0; 2.0]

Umbilical vein diameter (mm)

8.9±6.5
7.6 [6.1; 8.7]

Umbilical cord length (cm)

Results
The mean age of the pregnant women was 27.5±5.3
years. 33% (13/39) of the pregnant women were nulliparous. Table 1 shows the demographic data of the
cases. There was no statistically significant correlation
between umbilical vein diameter and other variables
(p>0.050) in correlation analysis. A statistically negative
and moderate correlation was found between umbilical
cord length and umbilical vein lactate level (r=-0.418;
p=0.015). Table 2 shows the diameter of the umbilical
vein and the length of the umbilical cord, as well as information on their correlation with pregnancy outcome.
There was no statistically significant difference between
the median values of umbilical vein diameter and cord
length by gender (p-values: 0.076 and 0.181, respectively) (Table 3).

Discussion
Many factors can affect the birth weight of the fetus.
Umbilical vein parameters measured just before delivery may be important for both newborn weight and
newborn outcomes. There was no statistically significant relationship identified between umbilical vein
diameter and other variables in this study. There was a
statistically negative and moderate relationship
between umbilical cord length and umbilical vein lactate level, but no significant relationship was found
with other pregnancy outcomes.
There are studies showing that the diameter of the
umbilical cord and vein correlates with fetal weight.[8,10]
A thin umbilical cord has been shown to be associated
with an increased risk of fetal distress in risky pregnancies (e.g., fetal growth retardation). However, no information on cord blood gas results has been reported.[9]
In their study examining the relationship of umbilical

Placenta weight (g)

53.4±7.2
52.0 [50.0; 60.0]
621.5±129.0
632.0 [540.0; 720.0]

Apgar score (1-minute)

8.4±1.3
9.0 [9.0; 9.0]

Apgar score (5-minute)

9.6±0.9
10.0 [10.0; 10.0]

Birth weight (g)
Umbilical vein pH
pCO2 (mmHg)
Lactate (mmol/L)

3122.5±515.6
3220.0 [2850.0; 3450.0]
7.3±0.1
7.3 [7.3; 7.3]
45.4±6.6
44.1 [41.0; 48.0]
2.7±1.6
2.3 [1.7; 3.6]

Bicarbonate (mEq/L)

22.2±1.6
22.1 [21.2; 22.9]

Base deficit (mmol/L)

1.8±6.8
1.1 [-4.2; 8.4]

Values are presented as mean ± standard deviation, median [interquartile range].
BMI: body mass index.

cord diameter with fetal development and fetal outcome in 652 pregnant women, Udoh et al. found that
umbilical cord diameter showed a positive correlation
with birth weight. They also showed that there was a
poor fetal outcome in 50 pregnant women whose
umbilical cord diameter was below the average in the
first and second trimesters.[14] Proctor et al. investigated the relationship between umbilical cord diameter
and fetal weight in 497 pregnant women at 18–41
weeks of gestation. They showed a positive correlation
of umbilical cord diameter with birth weight and placental weight.[15] Ghezzi et al. found that the total area
of the umbilical cord and umbilical veins were small in
neonates with fetal growth restriction who admitted to
the neonatal intensive care unit. They also found that a
small umbilical vein area was associated with adverse
neonatal outcomes.[7] In the study by Rigano et al., it
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Table 2. Investigation of the relationship between umbilical vein diameter and umbilical cord length and birth results.
Umbilical vein diameter

Umbilical cord length

Age

r
p

0.283
0.081

-0.055
0.737

BMI

r
p

0.187
0.253

-0.028
0.865

Gestational age

r
p

-0.225
0.168

0.236
0.147

Parity

r
p

0.143
0.385

-0.053
0.751

Apgar scores (1-minute)

r
p

-0.307
0.057

0.307
0.057

Apgar scores (5-minute)

r
p

-0.339
0.035

0.297
0.066

Birth weight

r
p

-0.119
0.470

0.329
0.041

pH

r
p

-0.172
0.314

-0.003
0.984

PCO2

r
p

0.059
0.732

0.040
0.816

Lactate

r
p

0.343
0.050

-0.418
0.015

Bicarbonate

r
p

0.069
0.701

0.102
0.574

Base deficit

r
p

0.112
0.535

-0.211
0.239

Placenta weight

r
p

0.256
0.115

-0.210
0.199

BMI: Body mass index; r: Spearman’s rho correlation coefficient.

was shown that there is a correlation between the
decrease in umbilical vein diameter in fetuses with
growth retardation.[13] The relationship between
umbilical cord or umbilical vein diameter and pregnancy outcomes in low-risk pregnant women has not yet
been clarified. There was no statistically significant
relationship identified between umbilical vein diameter
and other variables in this study.
Tutus et al. found that umbilical vein diameter and
fetal birth were inversely related in newborns with LGA.

As the umbilical vein diameter decreases in these 20–24
weeks, the estimated fetal birth weight increases.[16]
Köﬂüﬂ et al. examined ultrasonographic umbilical
artery and umbilical vein diameters of 720 low-risk
pregnant women between 20th and 40th weeks of gestation. Moreover, they compared these measurements to
the fetal biometry and predicted fetal weights. They
found a strong correlation between umbilical vein diameters and predicted fetal weights until 34 weeks. They
found that the umbilical vein measurement measured

Table 3. Comparison of umbilical vein diameter and umbilical cord length values by gender.
Gender
Notation

Female

Male

p-value

Umbilical vein diameter

Avg ± std. deviation
Avg (min.–max.)

8.5±7
6.8 (5.2–37)

9.3±6.3
7.9 (5.7–35)

0.076

Umbilical cord length

Avg ± std. deviation
Avg (min.–max.)

53.4±11.7
54 (13–68)

49.9±11.6
52 (12–63)

0.181
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after 34 weeks did not affect the estimated fetal weight.
However, they stated that there was no relationship
between umbilical vein/artery rate and predicted fetal
weight, and gestational age.[6] In the study by Predanic
and Perni, it was seen that the umbilical cord thickness
measured in the second trimester was not correlated
with neonatal birth weight.[17]
Köﬂüﬂ et al. found that the UV/UA ratio measured
below 34 weeks of gestation helps determine the estimated fetal weight, but it has no utility in prediction
after 34 weeks of gestation.[6] Rostamzadeh et al.
reported that umbilical cord and vein diameter assessed
after 30 weeks of gestation was not associated with fetal
weight.[18] In their study, Togni et al. found no relationship between umbilical cord thickness and fetal weight
measured after 33 weeks of gestation.[19] Our study
showed no relationship between umbilical vein diameter and neonatal weight and neonatal outcomes (blood
gas values, etc.) in low-risk pregnancies at 38.0–41.6
weeks of gestation.
Short and long cord lengths have been reported to be
associated with adverse pregnancy outcomes.[11–13] A long
umbilical cord is considered as more than 100 cm long,
whereas a short umbilical cord is regarded as less than 30
mm long.[11] In this study, no case was found to have a
short or long umbilical cord. There was a statistically
negative and moderate relationship between umbilical
cord length and umbilical vein lactate level, but no significant association was found with other pregnancy outcomes.
Strengths and limitations
To our knowledge, this is the first study in the literature
to examine the relationship between umbilical vein
diameter and cord length and fetal outcome in low-risk
pregnant women. This is the strength of our study. The
limited number of cases can be considered a limitation of
our study.

Conclusion
In conclusion, this study found that umbilical vein
diameter and cord length were not associated with fetal
weight and pregnancy outcomes in 38.0–41.6 weeks of
low-risk pregnancies (AGA fetuses). However, the
obtained results still need to be confirmed by larger
series.
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Discordant umbilical arteries in the umbilical cord
entanglement: a light microscope study
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Abstract

Özet: Umbilikal kord dolanmas›nda uyumsuz
umbilikal arterler: Iﬂ›k mikroskobu çal›ﬂmas›

Objective: The present study aimed to examine the histopathological diagnosis of the umbilical artery discordance in cases with single
or multiple umbilical cord entanglement and pregnancy outcomes.
Methods: The vascular structure of the umbilical cord, histopathological findings of the placenta and obstetric outcomes were retrospectively examined in 50 cases. The cases were divided into two groups by the
number of cord entanglement (single-multiple) and their histopathological findings and neonatal Apgar scores were assessed.
Results: Out of 50 cases, 38 (76%) had single and 12 (24%) had multiple cord entanglement. In 50 cases, the mean gestational age was
39.16±1.06 weeks, neonatal Apgar scores were 8.7±0.58 at 1 minute
and 9.64±0.56 at 5 minute. No statistically significant difference was
detected between single and multiple groups in terms of gestational
age (p=0.79), 1-minute Apgar score (p=0.832) and 5-minute Apgar
score (p=0.656). In histopathological examination, the diameters of
umbilical arteries 1 and 2 were found to be 0.11±0.12, 0.09±0.05 μm,
respectively in the single group (p=0.756) and 0.13±0.14, 0.06±0.02
μm, respectively in the multiple group (p=0.131). When the umbilical
arterial diameters were compared by group, the diameter of the
umbilical artery 2 was detected 0.09±0.05 μm in the single and
0.06±0.02 μm in the multiple group and statistically significant difference was detected (p=0.037). Out of 50 cases, placental hypoxia finding was detected as chorangiosis only in 10 cases (2 multiple, 8 single).
Conclusion: Umbilical artery discordance was detected in cases
with multiple umbilical cord entanglement. However, poor pregnancy outcome was not observed in any of the cases. When multiple
cord entanglement is seen during obstetric examination, umbilical
artery discordance must be remembered and investigated, and also
maternal-fetal condition should be considered.

Amaç: Çal›ﬂmam›zda tek veya çoklu umbilikal kord dolanmas› olan
olgularda umbilikal arter uyumsuzlu¤una yönelik histopatolojik tan›y› ve gebelik sonuçlar›n› incelemeyi amaçlad›k.
Yöntem: Umbilikal kordun vasküler yap›s›, plasentan›n histopatolojik bulgular› ve obstetrik sonuçlar 50 olguda retrospektif olarak
incelendi. Olgular kordon dolanmas› say›s›na (tek-çoklu) göre iki
gruba ayr›ld› ve olgular›n histopatolojik bulgular› ve neonatal Apgar skorlar› de¤erlendirildi.
Bulgular: Elli olgunun 38’inde (%76) tek ve 12’sinde (%24) çoklu
kordon dolanmas› mevcuttu. 50 olgunun ortalama gestasyonel yaﬂ›
39.16±1.06 ve neonatal Apgar skorlar› 1. dakika için 8.7±0.58, 5. dakika için 9.64±0.56 idi. Gestasyonel yaﬂ (p=0.79), 1. dakika Apgar
skoru (p=0.832) ve 5. dakika Apgar skoru (p=0.656) bak›m›ndan tekli ve çoklu kordon dolanmas› gruplar›nda istatistiksel olarak anlaml›
fark yoktu. Histopatolojik muayenede 1. ve 2. umbilikal arterlerin çap› tek kordon dolanmas› grubunda s›ras›yla 0.11±0.12, 0.09±0.05 μm
(p=0.756) ve çoklu kordon dolanmas› grubunda ise s›ras›yla
0.13±0.14, 0.06±0.02 μm (p=0.131) olarak bulundu. Umbilikal arteryal çaplar gruba göre karﬂ›laﬂt›r›ld›¤›nda, umbilikal arter 2’nin çap›
tek kordon dolanmas› grubunda 0.09±0.05 μm ve çoklu kordon dolanmas› grubunda 0.06±0.02 μm olarak bulundu ve istatistiksel olarak
anlaml› fark vard› (p=0.037). Elli olgunun 10’unda (2 çoklu, 8 tek)
plasental hipoksi bulgusu sadece koranjiozis olarak tespit edildi.
Sonuç: Çoklu umbilikal kord dolanmas› olan olgularda umbilikal
arter uyumsuzlu¤u tespit ettik, fakat olgular›n herhangi birinde
kötü gebelik sonucu gözlemlemedik. Obstetrik muayenede çoklu
kordon dolanmas› görülmesi halinde, umbilikal arter uyumsuzlu¤u hat›rlanarak araﬂt›r›lmal› ve ayr›ca maternal-fetal durum dikkate al›nmal›d›r.

Keywords: Umbilical cord, umbilical arteries, nuchal cord, discordance.

Anahtar sözcükler: Umbilikal kord, umbilikal arterler, nukal kord,
uyumsuzluk.

Introduction
Umbilical cord consists of two arteries, one vein and the
surrounding Wharton’s jelly.[1] Two arteries and the vein
form a helical structure to provide the feto-maternal

blood supply.[1] Umbilical cord is formed on the postconception 13–38 days and some anomalies such as cyst,
supernumerary vessels and single umbilical artery may
occur during its development.[2–4] Moreover, as a charac-
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teristic of the early fetal development, umbilical cord
entanglement may occur between 13 and 16 weeks of
gestation and possible resolution may be seen in 63% of
fetuses in the following weeks.[5] Its incidence in term
pregnancies is 5.5 to 22.8%.[6]
The exact etiopathogenesis of the umbilical cord
entanglement remains unknown.[7] While it is usually
seen as one or two loose loops around the fetal neck, it
has also been reported to be seen as tight in 2–6%, as
multiple nuchal cords in 0.3–3.8%, around the body in
4.7%, around the lower extremities in 4.2% and around
the several other parts of the fetus in 6.4%.[5,8,9] While the
clinical importance of the cord entanglement is still controversial in the obstetric field, there is no consensus on
whether it leads to poor pregnancy outcomes.[7,9]
While the lumina of the umbilical arteries are usually
equal, a discordance of 1 to 3 mm was detected in various
studies.[10] The reasons for the discordance were thought
to be factors including anomalies during the embryonic
development and secondary atrophy.[2] It has been
reported that this might be associated with the placental
and fetal anomalies, or it would not lead to any poor
pregnancy outcome.[10–12]
There are studies in the literature which detected the
umbilical artery discordance by ultrasonography and/or
histopathology, associated it with placental and umbilical
cord pathologies, and compared the perinatal outcomes;
however, no study was found to examine the discordance
in cases with umbilical cord entanglement.[10,12–14]
The present study aimed to examine the histopathological diagnosis of the umbilical artery discordance in
cases with single or multiple umbilical cord entanglement and its effects on pregnancy outcomes.

Methods
In our study, the files of the patients who delivered
infants between January and December 2019 in Uﬂak
Training and Research Hospital, Gynecology and
Obstetrics Clinic were retrospectively screened. The
cases with single or multiple cord entanglement and cord
localization notes were detected on these files and their
umbilical cord and placenta histopathology reports were
reviewed from the computer records. Obstetric, neonatal
and maternal demographic data of the cases were
reviewed. Ethics committee approval for the was taken
from the Ethics Committee of Uﬂak University’s Faculty
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of Medicine on 23/12/2020 with the approval no. of 2214-14.
Umbilical vascular diameters measured by Olympus
CX 41 light microscope (Olympus, Tokyo, Japan) on 4–6
μ sections of umbilical cord were reviewed from the
histopathological examination reports on the specimens
fixed in 10% formalin and the diameter and length of the
umbilical cord and coiling under macroscopic examination were assessed. The total vascular diameters were calculated by measuring the transverse and vertical lengths
of the umbilical vessels under light microscope in
micrometer.[15] Microscopic placenta findings related to
hypoxia were investigated.
The method of delivery, maternal age, pregnancyparity, week of gestation were obtained from the obstetric data of the cases; and neonatal weight, 1-minute and
5-minute Apgar scores, sex, the number and the localization of cord entanglement were obtained from the
neonatal data.
The cases were divided into two groups by the presence of single or multiple cord entanglement and the
umbilical cord and placental histopathological findings
and obstetric outcomes were compared.
Statistical analyses were performed using NCSS
(Number Cruncher Statistical System) 2007 (Kaysville,
Utah, USA) software. For the assessment of the study
data, descriptive statistical methods (mean, standard
deviation, median, frequency, ratio, minimum–maximum) were used with Shapiro-Wilk test for the assessment of the distribution of data. Student’s t-test was used
for the comparison of two groups with normally distributed quantitative data and Mann-Whitney U test for the
comparison of two groups with non-normally distributed
quantitative data. Chi-square test was used for the assessment of the qualitative data. Significance was evaluated at
the p-values of <0.01 and <0.05.

Results
Out of 50 cases in this study, 38 (76%) had single cord
entanglement and 12 (24%) had multiple cord entanglement. The localization of the entanglement was neck in
45 cases, body and legs in 3 cases. True knot was detected in 2 cases. Table 1 shows the number and localization
of the umbilical cord entanglements of the cases.
In 50 cases, it was found that the mean maternal age
was 25.8±5.2 years, week of gestation was 39.16±1.06,

Discordant umbilical arteries in the umbilical cord entanglement

number of pregnancies was 2.32±1.42, parity was
1.06±1.25, neonatal weight was 3306.3±458.99 g, 1minute Apgar score was 8.7±0.58 and 5-minute Apgar
score was 9.64±0.56. No statistically significant difference was detected in terms of the maternal and neonatal findings between the groups (p>0.05) (Table 2).
There was not any abnormal finding during obstetric
follow-ups.
Among 50 cases, the sex of the neonates was detected
to be female in 28 cases (56%) and male in 22 (44%).
The method of delivery was vaginal in 37 cases (74%)
and cesarean section in 13 (26%). No vacuum delivery
was observed. There was no statistically significant difference between groups in terms of the method of delivery (p=0.852) and the sex of the infant (p=0.331).
At the macroscopic evaluation of the umbilical cord;
in 49 cases (98%) umbilical cord was normocoil and 1
case (2%) was hypercoil.
In the histopathological examination of the umbilical
cord; umbilical artery 1 and 2 diameters were found
0.11±0.12 and 0.09±0.05 μm, respectively (p=0.756) in
the single entanglement group and 0.13±0.14 and
0.06±0.02 μm, respectively (p=0.131) in the multiple
entanglement group with no statistically significant difference was detected. When the diameters of umbilical
artery 1 and 2, and the vein were compared by group, the
diameter of the umbilical artery 2 was detected to be
0.09±0.05 μm in the single and 0.06±0.02 μm in the multiple entanglement group with statistically significant difference was obtained for discordance (p=0.037). No
allantoic remnant was detected in the histopathological
examination. Fig. 1 shows the umbilical vessel measurements, and Table 3 shows the histopathological findings
of the umbilical cord.

Table 1. Number and localization of the umbilical cord entanglement.
Umbilical cord entanglement

n

%

Number

38

76

Single

Localization

Multiple (>2)

12

24

Neck

45

90

Trunk and limb

3

6

True knot

2

4

In the microscopic evaluation of the placenta; hypoxia-related change was detected as chorangiosis only in 10
cases. Among them, 2 cases were in the multiple and 8
cases were in the single entanglement groups (Fig. 2).
No abnormal finding was found regarding Hyrtl’s
anastomosis, and volume and vascularity of the placenta
in the pathology reports of the cases.

Discussion
In our study, umbilical arteries discordance was detected in the multiple entanglement group compared to
single entanglement group.
During the embryonic development of the umbilical artery; primary agenesis, secondary atrophy and
allantoic artery persistence, thereby, hypoplasia or single umbilical artery development may occur.[2] Single
umbilical artery is usually characterized with increased
perinatal mortality and morbidity.[16] Secondary atrophy may be seen as a result of the mechanical compression of the allantoic remnants or luminal bridging of
the arteries.[2,16] Due to lack of fetal anomalies in our
cases and lack of allantoic remnants in the histopathological examination, discordance could be explained by
the secondary atrophy induced by the compression
effect of the multitude of cord entanglements.

Table 2. Maternal and neonatal findings of umbilical cord entanglement.
Single (n=38)

Multiple (n=12)

Mean±sd

Min–max

Mean±sd

Min–max

p-value

Maternal age

25.61±5.36

18–39

26.42±4.83

19–34

0.642

Pregnancy

2.18±1.37

1–7

2.75±1.54

1–6

0.06

Parity

0.89±1.15

0–6

1.58±1.44

0–5

0.075

Week of gestation

39.18±1.06

37–42

39.08±1.08

38–41

0.749

Baby weight (gram)

3320.39±457.61

2260–4350

3261.67±480.8

2350–4295

0.703

1-minute Apgar score

8.68±0.62

7–10

8.75±0.45

8–9

0.832

5-minute Apgar score

9.63±0.54

8–10

9.67±0.65

8–10

0.656
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a

b

c
Fig.1.

Light microscope view of umbilical vessels. (a) Umbilical artery 1; (b) umbilical artery 2; (c) Umbilical vein (H&E ×40).

Umbilical artery discordance (1–3 mm) was first
detected by Dolkart et al. in 6 of 721 cases at 20 weeks
of gestation and among them, only 2 cases had poor
obstetric outcomes.[3] Some factors such as Hyrtl’s
anastomosis and compensation mechanism between
arteries may protect against poor obstetrics outcomes;
but on the other hand, discordance may accompany
fetal abnormalities.[10,12–14] In 14 cases, >1 mm umbilical
arteries discordance were detected between 24 and 42
weeks of gestation, but no negative effects on 5-minute
Apgar scores of the neonates was observed and
explained as discordance being less and was compensated by the functional artery.[13] Similarly, discordance
was detected between umbilical arteries (large 1.8±0.3
and small 1.1±0.3) by ultrasonography at the second
trimester in 12 of 154 term pregnancies, there was no
poor obstetrics outcome in terms of the method of
delivery, neonatal Apgar findings and placental pathol-

Table 3. Histopathologic findings of umbilical cord.
Single (n=38)

Multiple (n= 12)

Mean±sd

Min–max

Mean±sd

Umbilical cord length (cm)

35.96±10.24

18–65

40.29±12.99

28–69

0.400

Umbilical cord diameter (cm)

16.97±1.57

12–20

16.83±1.52

13–19

0.954

Umbilical artery 1 (μm)

0.11±0.12

0.05–0.70

0.13±0.14

0.05–0.50

0.795

Umbilical artery 2 (μm)

0.09±0.05

0.05–0.3

0.06±0.02

0.05–0.1

0.037

Umbilical vein (μm)

0.22±0.16

0.05–0.70

0.22±0.16

0.05–0.60

0.906
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Min–max

p-value
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ogy and explained as presence of Hyrtl’s anastomosis.[10] On the other hand, in 12 cases with trisomy 18,
intrauterine growth retardation, pulmonary stenosis,
maternal diabetes and hypoplastic umbilical artery
were detected by ultrasonography.[12] Likewise in the
literature, umbilical artery discordance was seen with
fetal renal cyst, hydronephrosis and corpus callosum
agenesis.[14] The umbilical artery discordance did not
result in poor pregnancy outcomes in our study and it
can be explained by the usual maternal-fetal follow-up
during antenatal period, and the discordance difference
being less and compensated by the umbilical vessels.
The association between the umbilical cord entanglement and pregnancy outcomes is a controversial
topic in the literature. In a meta-analysis of 267,233
pregnant women, an association has been reported
between umbilical cord entanglement and 1-minute
Apgar score being low and fetal acidosis.[9] Similarly, in
umbilical cord entanglement found in 698 of 2156 term
pregnancies, neonatal oxygen requirement was significantly higher in multiple entanglement compared to
single entanglement, and intensive care requirement in
the multiple, single and no-entanglement groups were
14.4%, 7.2% and 8.3%, respectively.[17] In another
study, the rate of intensive care requirement was 14%
in the cord entanglement and 10% in the no-entanglement group.[18] Stillbirth and growth retardation were
reported related to umbilical cord entanglement.[5,19] On
the other hand, cord entanglements in the neck and
other parts of the body in 82 of 486 term pregnancies
were detected as a significant correlation between cord
entanglement and 1-minute Apgar score being low
[r=0.1735 (CI 95% 0.08322 to 0.2609)] but low correlation between cord entanglement and acidosis
[r=0.09517 (CI 95% 0.003616 to 0.1851)], and it was
stated that cord entanglement did not result in poor
pregnancy outcomes.[20] Similarly, in a study that
observed umbilical cord entanglement in 218 of 408
term pregnancies, poor pregnancy outcomes were not
seen in any of the cases according to the American
College of Obstetrics and Gynecology (ACOG) hypoxic ischemic encephalopathy criteria.[7] There are some
studies in the literature about no adverse perinatal outcomes of cord entanglement including neonatal intensive care requirement and Apgar score being low.[7,17]
Findings including diffuse villous hypervascularity,
chorangiosis, laminar necrosis, chorionic microcyst,

Fig. 2. Microscopic view of chorangiosis. The chorangiosis area representing the vascular hyperplasia seen in terminal chorionic villus structures (H&E ×40).

thrombosis and >5–10% infarction are hypoxia-related
pathologies seen in histopathological examination of
placenta.[21] Chorangiosis is a terminal villi lesion which
may occur due to hypo-oxygenation; its cause is not
exactly known though genetic and environmental factors are also appear to be implicated.[22] In our study,
very few cases had chorangiosis and the other hypoxic
lesions were not detected. The lack of poor obstetric
outcomes despite umbilical artery discordance and cord
entanglement may be explained by feto-maternal wellbeing and the lack of effect on blood transport due to
the compensation mechanism of the umbilical cord.
Hyrtl’s anastomosis, Wharton’s jelly structure, coiling and localization of the cord may affect obstetric outcomes. The favorable obstetric outcomes observed in
the presence of discordance in some studies were attributed to the protective role of the anastomosis.[23]
Wharton’s jelly is a section adapting to vascular pulsation with its porous-fibrous structure and protecting
them against conditions such as prolapse, knotting and
entanglement.[1,24,25] Furthermore, in case of hemodynamic changes, the mechanosensory properties of the
cells in the umbilical cord tissue lead to changes in the
structure of Wharton’s jelly, thereby adapting it to the
conditions.[1] Hypocoil and hypercoil structures have
been stated to be correlated with poor pregnancy out-

Volume 29 | Issue 3 | December 2021

235

ﬁenyuva ‹, Küçük ﬁ

comes such as Apgar score being low.[5,9,26,27] The body
localization is affected more by the uterine contractions
compared to neck localization and is associated with
higher rates of 5-minute Apgar score being low and acidosis.[28] In our study, normocoil structure of the umbilical cord, neck localization, Hyrtl’s anastomosis and
possible adaptation mechanisms of Wharton’s jelly can
answer the question ‘How were babies unaffected by
tangles and discordance?’, and to elucidate this, further
immunohistochemical, morphometric and anatomic
studies are needed.
Study limitations
There are several limitations to this study. The interval
between the delivery and measurement is considered to
result in a potential shrinkage in the umbilical cord due
to formalin fixation.[27] Since this is a retrospective study,
the results involving measurements made on formalinfixed samples were used. Therefore, coiling status was
indicated as hypo- or hypercoil, and was not indexed.
Furthermore, patients’ antenatal umbilical artery
Doppler measurements could not be found in the medical records. Methods to measure Wharton’s jelly area
such as neural network and digital morphometry have
been reported in the literature.[26,29] Since light microscope was used in our study, only vascular diameters
could be measured and area calculation could not be
performed.

Conclusion
The present study has shown that multiple cord entanglement may cause umbilical artery discordance compared to the single entanglement, however, no poor
pregnancy outcome was seen. When multiple cord
entanglement is seen in obstetric follow-ups, umbilical
artery discordance must be remembered and investigated, and also maternal- fetal condition should be considered.
Funding: This work did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sectors.
Compliance with Ethical Standards: The authors stated
that the standards regarding research and publication ethics,
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perinatal asphyxia and its correlation with arterial
blood gas values
Priya Sharma

İD

, Krishnaswami DeviMeenakshi

İD

Department of Pediatrics, Government Kilpauk Medical College, Chennai, Tamil Nadu, India

Abstract

Özet: Perinatal asfiksi belirteci olarak üriner ürik
asidin kreatinine oran› ve arteryel kan gaz›
de¤erleri ile korelasyonu

Objective: Perinatal asphyxia is a leading cause of neonatal morbidity and mortality in developing countries. Lack of facilities like arterial blood gas analysis in resource limited settings warrants cost
effective methods to support the diagnosis of asphyxia. The study
objectives were to evaluate the utility of urinary uric acid to creatinine ratio (UA/Cr ratio) as a marker of perinatal asphyxia and to
ascertain its correlation with cord blood arterial blood gas values.
Methods: It was a prospective comparative study where cases and
controls were of asphyxiated neonates and normal neonates respectively delivered in a tertiary care medical college hospital from April
2019 to September 2019. Urinary UA/Cr ratio and its correlation
with Apgar score was determined. The ability to predict asphyxia
was estimated by ROC curve and p<0.05 was considered as statistically significant.
Results: Data from 38 asphyxiated and 38 normal neonates were
analyzed. The mean urinary UA/Cr ratio was higher in the asphyxiated babies. There was negative correlation between urinary UA/Cr
ratio and pH, pO2, Apgar scores and positive correlation with pCO2.
The urinary UA/Cr ratio had excellent predictive validity for perinatal asphyxia determined by ROC curve. The urinary uric acid
/creatinine ratio had sensitivity of 92.11% and specificity was
92.11%.
Conclusion: Urinary uric acid to creatinine ratio correlated well
with the cord blood arterial blood gas values and the Apgar scores.
This study showed that there is a significant increase in the urinary
UA/Cr ratio in asphyxiated neonates and it can be used as a biochemical marker of perinatal asphyxia.

Amaç: Perinatal asfiksi, geliﬂmekte olan ülkelerde neonatal morbidite ve mortalitenin önde gelen bir nedenidir. S›n›rl› kayna¤a sahip ortamlarda arteryel kan gaz› analizi gibi olanaklar›n bulunmamas›, asfiksi tan›s›n› desteklemek için uygun maliyetli yöntemleri gerektirmektedir. Çal›ﬂmam›z›n amaçlar›, perinatal asfiksi belirteci olarak
üriner ürik asidin kreatinine oran›n›n (UA/Cr oran›) kullan›m›n› de¤erlendirmek ve kordon kan› arteryel kan gaz› de¤erleri ile olan korelasyonunu araﬂt›rmakt›.
Yöntem: Çal›ﬂma, Nisan 2019 ile Eylül 2019 tarihleri aras›nda
üçüncü basamak bir t›p fakültesi hastanesinde do¤an ve s›ras›yla asfiktik yenido¤anlar ile normal yenido¤anlardan oluﬂan olgu ve kontrolleri içeren prospektif bir karﬂ›laﬂt›rmal› bir çal›ﬂmad›r. Çal›ﬂmada
üriner UA/Cr oran› ve Apgar skoruyla olan korelasyonu de¤erlendirildi. Asfiksiyi öngörme olas›l›¤› ROC e¤risi ile tahmin edildi ve
p<0.05 de¤eri istatistiksel olarak anlaml› kabul edildi.
Bulgular: Otuz sekiz asfiktik ve 38 normal yenido¤an›n verileri analiz edildi. Ortalama üriner UA/Cr oran› asfiktik bebeklerde daha
yüksekti. Üriner UA/Cr oran› ile pH, pO2 ve Apgar skorlar› aras›nda negatif; pCO2 ile pozitif korelasyon vard›. Üriner UA/Cr oran›,
ROC e¤risi ile belirlenen perinatal asfiksi için mükemmel kestirim
geçerlili¤ine sahipti. Üriner ürik asit/kreatinin oran›n›n hassasiyeti
%92.11, özgüllü¤ü ise %92.11 idi.
Sonuç: Üriner ürik asidin kreatinine oran›, kordon kan› arteryel
kan gaz› de¤erleri ve Apgar skorlar› ile iyi ﬂekilde koreledir. Çal›ﬂmam›z, asfiktik yenido¤anlardaki üriner UA/Cr oran›nda anlaml›
bir art›ﬂ oldu¤unu ve perinatal asfiksinin biyokimyasal belirteci
olarak kullan›labilece¤ini ortaya koymuﬂtur.

Keywords: Urinary uric acid to creatinine ratio, perinatal asphyxia.

Anahtar sözcükler: Üriner ürik asit/kreatinin oran›, perinatal asfiksi.

Introduction
Perinatal asphyxia is a leading cause of neonatal morbidity and mortality in developing countries. Asphyxia
accounts for 26% of the 3.2 million stillbirths and 23%

of 4 million neonatal deaths each year.[1] About 2.8 %
and 5.6% of all live births have moderate and severe
asphyxia, respectively.[2] Hypoxia induced anaerobic
glycolysis results in lactic acid production. Lack of
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ATP causes accumulation of ADP and AMP which is
then catabolized to adenosine, inosine and hypoxanthine. During reperfusion injury, hypoxanthine is oxidized to xanthine and uric acid in presence of xanthine
oxidase that increases uric acid production which is
excreted in urine.[3–7] Extensive amounts of free oxygen
radicals are produced in the reoxygenation period following which high levels of uric acid are produced and
are excreted in the urine early in first day of life. An
increased urinary uric acid to creatinine ratio (UA/Cr
ratio) is a sign of lack of ATP and serves as a valuable
indicator of tissue hypoxia.
Although arterial blood gas analysis provides supportive evidence for diagnosis of asphyxia, access to
such facilities may be limited in developing countries.
There is need for a cost effective and easily available
method in order to make a diagnosis of asphyxia. This
study was planned to ascertain the utility of urinary
UA/Cr ratio as a non-invasive biochemical marker for
diagnosis of perinatal asphyxia. The study objectives
were to assess the utility of urinary uric acid/creatinine
ratio as a marker of perinatal asphyxia and to evaluate
the correlation between urinary UA/Cr ratio and
umbilical cord arterial blood gas values in asphyxiated
neonates.

Methods
The protocol of the study was approved by Institutional
ethics committee (protocol ID 178/2019/meeting held in
April 2019). Informed written consent from the parents
of the neonates was taken before commencement of the
study. It was a prospective comparative study where cases
and controls comprised of asphyxiated neonates admitted
in NICU and normal neonates respectively, delivered at
a tertiary medical college hospital during the study period from April 2019 to September 2019.
All term neonates who had diagnosis of perinatal
asphyxia based on any one of the following which included intrapartum signs of fetal distress (non-reassuring
non-stress test or thick meconium staining of amniotic
fluid) or Apgar score ≤6 at 5 minutes or ≤3 at more than
10 minutes or need for >1 minute of positive pressure
ventilation or fetal bradycardia with heart rate
<60/minute were included in the study. All neonates with
congenital malformations, premature and intrauterine
growth restricted neonates, neonates born to mothers on
antiepileptic medications or administered magnesium

sulphate or opioids, neonates of smoker mothers or
mothers with alcohol/drug abuse were excluded.
All cases were term neonates who met the inclusion
criteria while control group consisted of normal term
neonates who were appropriate for gestational age.
Detailed maternal history including risk factors like mode
of delivery, birth events, Apgar score, mode of resuscitation, fetal gender, birth weight were recorded on the prestructured form. Gestational age was assessed by New
Ballard score. Neurological assessment was done for all
the neonates and asphyxiated neonates were monitored
for convulsions, hypotonia and complications like acute
kidney injury, persistent pulmonary hypertension etc.
Urine samples were collected from the neonates within
6–24 hours of life using sterile urine collection bags. The
umbilical cord arterial blood was collected by using the
double clamp technique using pre-filled heparin syringes
and was transported for analysis in ice box (Fig. 1).
Uric acid was analyzed with autoanalyzer by enzymatic colorimetric assay using uricase which forms
quinoneimine dye that forms a red color. The intensity of
red color was measured photometrically. Creatinine was
estimated by assay principle on autoanalyzer by kinetic
colorimetric assay using Jaffe method. The yelloworange color of creatinine picric acid complex was measured photometrically.
Sample size was calculated using mean urinary uric
acid to creatinine ratio in perinatal asphyxia as 2.75 and in
normal neonates as 1.78, as per study by Patel et al.[8] The
respective standard deviations used were 1.18 and 1.23.
The other parameters considered for sample size were
90% power of study and 5% alpha error. The following
formula was used for calculation: n= (u+v)2 (σ12+σ02)
(μ1-μ0)2 (n- sample size; μ1-μ0- difference between
means 2.75 and 1.78 σ1; σ0- standard deviations 1.18 and
1.23; u- one sided percentage point of the normal distribution corresponding to 100% the power, the
power=90%, u=1.28; v- percentage point of normal distribution corresponding to two sided significance level
e.g. if significance level=5%, v=1.96). The required sample size in each group was calculated as 34 subjects and
after addition of 10 % for non-participation, the required
sample size was 38 subjects in each group.
Descriptive analysis was carried out by mean and standard deviation for quantitative variables, frequency and
proportion for categorical variables. Non normally distributed quantitative variables were summarized by mediVolume 29 | Issue 3 | December 2021
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Fig. 1. Flow diagram for study enrolment.

an and interquartile range (IQR). The categorical variables were compared between the two groups by cross
tabulation. Statistical significance of the differences in the
proportion was assessed by chi square test or Fisher’s
exact test. Quantitative variables were compared by
unpaired t-test. Mann-Whitney U test was applied to test
the median 1-minute and 5-minute Apgar scores in both
the groups. Ability of urinary UA/Cr ratio in predicting
the perinatal asphyxia was assessed by receiver operating
characteristic (ROC) curve analysis. Correlation between
two quantitative variables was assessed by Pearson correlation coefsficient. A p-value <0.05 was considered as statistically significant. IBM SPSS statistical software version
21 (Armonk, NY, USA) was used for statistical analysis.
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Results
A total of 76 neonates were included in the final analysis. Each group consisted of 38 neonates. It was
observed that among the asphyxiated neonates there
was a male preponderance with 20 (52.63%) being
males and 18 (47.37%) being females. However, this
was not statistically significant (p=0.818).
The mean maternal age ± standard deviation was
higher in the asphyxiated group 27.21±2.51 as against
25.97±2.17 in the normal group and this was statistically significant (p=0.024). The mean gestational age was
similar in both groups (38.32±0.61 weeks in the cases
and 38.11±0.5 weeks in the controls, p=0.116).
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Pregnancy induced hypertension (PIH) was the
only risk factor in the normal group and it was present
in all the babies. However, majority of the mothers
(81.58%) in the asphyxiated group did not have any
risk factor. The risk factors seen in the asphyxiated
group were anemia (2.63%), gestational diabetes
(2.63%), PIH (5.26%), premature rupture of membranes (PROM) (2.63%), maternal fever (2.63%) and
cord prolapse (2.63%).
About 50% of the babies in the asphyxiated group
were delivered by LSCS and instrumental delivery
[vacuum (5.26%) & forceps (2.63%)] was observed
only in the asphyxiated group. In the normal group,
55.26% were delivered by normal vaginal delivery and
only 44.74% were delivered by LSCS.
Comparing the indication for LSCS it was observed
that fetal distress was present in 52.63% of neonates,
prolonged labor in 15.79% and meconium stained
liquor in 47.37% in the asphyxiated group and none of
the babies in the normal group had these risk factors
(p<0.001 - fetal distress, p=0.087 - prolonged labor,
p<0.001 - meconium stained liquor)
The median 1-minute Apgar scores (interquartile
range IQR) were lower in the asphyxiated group
[4(4.5)] as compared to control group [7(7.7)]. The
median 5-minute Apgar scores (IQR) were lower in the
asphyxiated group [7(6.7)] as compared to control
group [8(8.8)]. The difference between the case and
control groups was statistically significant (p<0.001).

Table 1. Comparison of mean of urinary UA/Cr ratio between the
study groups (n=76).
Birth asphyxia
(Mean ± standard deviation)
Parameter

Yes (n=38)

No (n=38)

p-value

UUA/Cr ratio

2.88±0.26

1.56±0.15

<0.001

ative correlation between urinary UA/Cr ratio and 5minute APGAR score (r=-0.925, p<0.001).
The urinary UA/Cr ratio had excellent predictive
validity in predicting perinatal asphyxia, as indicated by
area under the curve (AUC) of 0.943 (95% CI 0.887 to
0.999, p<0.001) (Fig. 2).
Among the asphyxiated neonates 35 (92.11%) had a
urinary UA/Cr ratio >2.71 and in the normal group
only 3 (7.89%) had a ratio of >2.71. The difference in
urinary UA/Cr ratio between the neonates with and
without perinatal asphyxia was statistically significant
(p<0.001) (Table 2).
The urinary UA/Cr ratio had sensitivity of 92.11%
in predicting perinatal asphyxia, specificity was
92.11%, false positive rate was 7.89%, false negative

Among the study population, 20 (52.6%) participants had hypoxic ischemic encephalopathy (HIE)
stage 1, 14 (36.8%) participants had HIE stage 2 and
remaining 4 (10.5%) participants had HIE stage 3. The
mean urinary UA/Cr ratio was higher in the asphyxiated babies (2.88±0.26) as compared to normal neonates
(1.56±0.15) and this was statistically significant
(p<0.001) (Table 1).
There was a weak negative correlation between urinary UA/Cr ratio and cord blood pH (r=-0.244,
p=0.140). There was a weak positive correlation
between urinary UA/Cr ratio and PCO2 (r=0.217,
p=0.191). There was a weak negative correlation
between urinary UA/Cr ratio and PO2 (r=-0.134,
p=0.423). There was a moderate negative correlation
between urinary UA/Cr ratio and 1-minute Apgar
score (r=-0.710, p<0.001). There was a moderate neg-

Fig. 2. ROC curve.
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Table 2. Comparison of perinatal asphyxia with urinary UA/Cr ratio (n=76).
Perinatal asphyxia
Urinary UA/Cr ratio

Yes (n=38)

No (n=38)

>2.71

35 (92.11%)

3 (7.89%)

≤2.71

3 (7.89%)

35 (92.11%)

rate was 7.89%, positive predictive value was 92.11%,
negative predictive value was 92.11% and the total
diagnostic accuracy was 92.11% (95% CI 83.60% to
97.05%) (Table 3).

Discussion
Perinatal asphyxia is associated with impaired gas
exchange during labor leading to fetal hypoxemia and
hypercarbia which can be identified by acidosis measured in umbilical artery blood.[9] Although there are no
specific cut off values for defining asphyxia based purely on arterial blood gas values, it is generally agreed
that an umbilical cord pH of <7 is suggestive of severe
asphyxia. Hypoxia leads to cellular damage and loss of
membrane integrity leading to cellular swelling.
Ischemia causes further reduction in oxygen delivery.
Once cardiac muscles are involved, hypoperfusion is
worsened by declining cardiac output.[10] Both hypoxia
and ischemia cause damage to various organs like
brain, kidney, heart, lungs etc. Since the ultimate goal
is prevention of asphyxia induced morbidity, a plethora of markers have been studied to identify perinatal
asphyxia such as electronic fetal cardiac monitoring,
fetal scalp blood pH, Apgar scores, cord blood pH,

Chi-square

p-value

53.895

<0.001

MRI scan and Doppler studies. Several studies have
evaluated the markers that distinguish between asphyxiated and normal neonates and also to assess the severity of perinatal asphyxia.
In this study, an attempt was made to ascertain the
utility of urinary uric acid to creatinine ratio as a biochemical marker of perinatal asphyxia. This study
showed a significant increase in the urinary uric acid
/creatinine ratio in asphyxiated neonates in comparison
to the normal neonates. The results of our study were
similar to that of a previous study which reported significantly higher mean urinary uric acid/creatinine
ratio in the asphyxiated group when compared to
neonates who were not asphyxiated (2.75±0.18 vs
1.78±0.23, p<0.0001).[8] In another study, mean urinary
UA/Cr ratio was 2.58±1.09 and 0.86±0.17, in asphyxiated group and control group, respectively.[11] Several
studies done in other centers also found similar observations.[12–18]
Urinary uric acid / creatinine ratio has been found
to correlate with different stages of hypoxic ischemic
encephalopathy. The ratio was significantly higher in
severe HIE (3.61±0.61) when compared with moderate
HIE (2.95±0.98) and with mild HIE (2.64±0.25,
p<0.01).[19] As the number of neonates with severe

Table 3. Predictive validity of urinary UA/Cr ratio in predicting perinatal asphyxia (n=76).
95% CI
Parameter

Value

Lower

Upper

Sensitivity

92.11%

78.62%

98.34%

Specificity

92.11%

78.62%

98.34%

False positive rate

7.89%

1.66%

21.38%
21.38%

False negative rate

7.89%

1.66%

Positive predictive value

92.11%

78.62%

98.34%

Negative predictive value

92.11%

78.62%

98.34%

Diagnostic accuracy

92.11%

83.60%

97.05%

Positive likelihood ratio

11.67

3.75

34.699

Negative likelihood ratio

0.09

0.01

0.255
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asphyxia was low in our study, the comparison of the
ratio in varying severity of HIE could not be done.
Urinary UA/Cr ratio was useful as a marker of perinatal asphyxia in both term as well as preterm neonates
who are asphyxiated. The ratio was significantly higher
in asphyxiated preterm neonates in comparison to
asphyxiated term neonates.[20] As preterm neonates were
excluded in our study, this comparison was not done.
We observed male preponderance (52.63%) in the
asphyxiated group while in a previous study, female
neonates (52.5%) were more common.[8] Our study
observed that only 6 neonates were of low birth weight
of which 4 were in the asphyxiated group. It was also
observed that mean birth weight was normal in the
asphyxiated group (2.87 kg) while a previous study
found a lower mean birth weight of 2.31 kg.[8] We also
observed that mean ± standard deviation for birth
weight (2.87±0.36 vs 2.95±0.3), mean ± standard deviation for length (46.61±1.5 vs 46.79±1.28) and mean ±
standard deviation for head circumference (33.58±0.83
vs 33.63±0.79) were similar in both the groups.
Although prematurity and intrauterine growth restriction (IUGR) are considered as fetal risk factors for
perinatal asphyxia, preterm cases were excluded in our
study and IUGR were not observed in the asphyxiated
group.
Our study observed that the urinary UA/Cr ratio
correlated well with the umbilical cord arterial blood
gas values and the Apgar scores. We observed a moderate negative correlation between urinary uric acid/
creatinine ratio and 1-minute Apgar score (r=-0.710,
p<0.001) and also 5-minute Apgar score (r=-0.925,
p<0.001). Observations similar to ours were also made
by other studies.[12,17]
Our study showed a strong negative correlation
with the pH and moderate negative correlation with
pO2 values and a moderate positive correlation with
pCO2 values. Similar observations were made by previous studies.[8,18]
We found that the urinary UA/Cr ratio had excellent predictive value in predicting perinatal asphyxia, as
indicated by AUC of 0.943 (95% CI 0.887 to 0.999,
p<0.001). Similar observations were made in a previous
study in which urinary UA/Cr ratio >2.43 had 80%
sensitivity, 87.5% specificity with AUC of 0.84
(p=0.003) and had a better predictive value.[18] In anoth-

er study it was shown that urinary UA/Cr ratio had an
accuracy of 80%, sensitivity of 86.6%, a positive predictive value of 82.1% and a negative predictive value
of 78.1%, hence showing that this test allows rapid
detection of asphyxia and also can predict short-term
outcome as well as long-term outcome.[21] Limitations
of our study were that it has small sample size, preterm
neonates were not included and there were fewer cases
in the category of severe asphyxia.

Conclusion
Perinatal asphyxia is a common neonatal condition
causing morbidity and mortality in developing countries. The signs of this condition are not specific and
often have an overlap with other diseases. To support
the clinical diagnosis of asphyxia there is need for a
cheap non-invasive test as an alternative to arterial
blood gas analysis. Utility of urinary uric acid to creatinine ratio as a biochemical marker of perinatal
asphyxia was studied and it was found that the ratio
correlated well with the umbilical cord arterial blood
gas values and the Apgar scores. This study showed a
significant increase in the urinary UA/Cr ratio in
asphyxiated neonates in comparison to the normal
neonates.
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Abstract

Özet: ‹nsan fetüsünde duodenumun morfometrik
analizi

Objective: The mucosa of the duodenum is lined by finger-like
villi. In adults, the villus height to width ratio is about 4–5:1. The
aim of this study is to evaluate the villus height to width ratio in the
human fetus.

Amaç: Duodenum mukozas› parmak benzeri villuslarla kapl›d›r.
Yetiﬂkinlerde villusun boy/en oran› yaklaﬂ›k 4–5:1’dir. Çal›ﬂmam›z›n amac›, insan fetüsünde villus boy/en oran›n› de¤erlendirmektir.

Methods: Eighty-one human fetal autopsies were included in the
study. Three random villi were measured with the X and Y-axes. The
statistical analysis was performed by Pearson correlation, KolmogorovSmirnov, chi-square, linear regression tests, and Student’s t-test.

Yöntem: Çal›ﬂmaya 81 fetal otopsi dahil edildi. Rastgele 3 villus X
ve Y eksenlerinde ölçüldü. ‹statistiksel analiz Pearson korelasyonu,
Kolmogorov-Smirnov, ki kare ve lineer regresyon testleri ve Student t testiyle yap›ld›.

Results: There were 29 female and 52 male fetuses. The age range
was between 12 and 40 weeks of gestation. Of 81 fetuses, 2 were in
the first trimester, 73 in the second trimester, and 6 in the third
trimester. The mean villus height to width ratios in the first, second,
and third trimesters were 2.75±0.37, 3.21±0.17, and 3.76±0.6,
respectively. There was no correlation between the week of gestation and duodenum villus height to width ratio (p=0.080). The mean
villus height to width ratios among females and males were
3.62±1.28 and 3.02±0.84, respectively (p=0.014).

Bulgular: Çal›ﬂmada 29 diﬂi ve 52 erkek fetüs mevcuttu. Yaﬂ aral›¤› gebeli¤in 12. ve 40. haftalar› aras›ndayd›. Seksen bir fetüsün
2’si birinci trimesterde, 73’ü ikinci trimesterde ve 6’s› üçüncü trimesterdeydi. Birinci, ikinci ve üçüncü trimesterdeki ortalama villus boy/en oranlar› s›ras›yla 2.75±0.37, 3.21±0.17 ve 3.76±0.6 idi.
Gebelik haftas› ile duodenum villus boy/en oran› aras›nda korelasyon yoktu (p=0.080). Diﬂi ve erkek fetüslerde ortalama villus
boy/en oranlar› s›ras›yla 3.62±1.28 ve 3.02±0.84 idi (p=0.014).

Conclusion: In our study, villi were blunter and shorter in fetuses
than in adults but not in children regardless of weeks of gestation
compared to the literature. The gradual elongation of villi after birth
may be attributed to environmental factors.

Sonuç: Literatürle karﬂ›laﬂt›r›ld›¤›nda çal›ﬂmam›zda, gebelik haftas›ndan ba¤›ms›z olarak villuslar, yetiﬂkinlere k›yasla fetüslerde
daha künt ve k›sayd› ancak çocuklarda öyle de¤ildi. Villuslar›n do¤umdan sonra kademeli uzay›ﬂ› çevresel faktörlerle iliﬂkilendirilebilir.

Keywords: Duodenum, fetus, villi height to width ratio.

Anahtar sözcükler: Duodenum, fetüs, villus boy/en oran›.

Introduction
Duodenum is the first part of the small bowel, a simple
tube of single-layered epithelial mucosa surrounded by
the mesenchymal tissue in the 6th week. Early in the
fourth week, the duodenum begins to develop from the
caudal end of the foregut, the cranial end of the midgut,

and the splanchnic mesoderm which is the connection
between these endodermal parts.[1] The villi and the crypts
of Lieberkuhn begin to appear during the 8th week and
3rd month, respectively.[2] In addition, Brunner’s glands
appear in the proximal duodenum by 12–14 weeks.[1,2]
The mature duodenum is lined by finger-like villi,
which are shorter and blunter than those found in the
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jejunum and ileum. The shortest villi are located in the
proximal duodenum and become progressively longer
distally.
Histological abnormalities of the duodenal mucosa
have been reported in a high proportion of apparently
healthy asymptomatic subjects living in developing
countries, especially in tropical regions.[3] The villus
height to width ratio is variable in different parts of the
duodenum; for instance, while the ratio of other parts of
the duodenum in adults is 4–5:1, the ratio of the proximal part is 2–3:1. In children, this ratio is 2–3:1.[2] It is
reported that duodenal villi are shorter in healthy individuals from developing countries as compared to industrialized nations.[3–5] Villus atrophy occurs in celiac disease and autoimmune enteropathy. Some reports
described this measurement along with animal models
by comparing pregnancy trimesters and weeks of gestation. We know that celiac disease is characterized by the
shortening of intestinal villi as a result of an abnormal
immune response to food.[6] However, there is no study
regarding duodenal villi size in the fetus.
To date, there are limited numbers of studies
describing various aspects of normal duodenum development in the human fetus. We proposed to describe the
intestinal villi development in the normal human fetus.
The aim of this study is to evaluate the villus height to
width ratio in the duodenum of the human fetus. In this
way, it is to illuminate the development of villus between
pregnancy trimesters and the relationship between congenital anomalies and duodenal villus size in the fetal
autopsies.

Fig. 1.

Villus height to width ratio in 21 week-old fetus (H&E ×200).

Weeks of gestation, genders, the width and height of
duodenal villi of the fetuses, and congenital anomalies
were recorded. First, the fetuses were classified into
three groups according to the pregnancy trimesters (first

Methods
A total of 81 human fetuses that underwent autopsy in
our clinic between 2016 and 2017 were included in the
study. The autopsies were performed immediately after
the fetal specimens were collected to prevent autolysis in
the tissues. The study was planned prospectively to prevent autolysis in tissues. After a single piece of the duodenum was sampled for each case, randomly, three villi
were measured at the X and Y axes at 200× magnification
by a light microscope. The width and height of these villi
were calculated by the software applied on the microscope, and then the mean ratios were detected for each
sample (Figs. 1 and 2).
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Fig. 2.

Villus height to width ratio in 40 week-old fetus (H&E ×200).

Morphometric analysis of duodenum in human fetus

trimester is first 13 weeks, 2nd trimester is 14–26 weeks,
and 3rd trimester is >27 weeks). In addition, the fetuses
were grouped as <20 and ≥20 weeks of gestation.

Table 1. The mean villus height to width ratio according to the pregnancy trimesters.
Trimester

n

The study was approved by the Non-Interventional
Clinical Trials Ethics Committee.

1st

2

2.75±0.37

2nd

73

3.21±0.17

SPSS Windows version 21.0 (SPSS Inc., Chicago,
IL, USA) Software package program was used for the
statistical analysis. Descriptive statistics were given as the
mean ± standard deviation. For categorical variables,
descriptive statistics were given as the frequency and percentage. Clinical and demographic characteristics
between groups were compared statistically. Pearson
correlation, Kolmogorov-Smirnov, chi-square, linear
regression tests, and Student’s t-test were used to compare variables among the groups. p<0.05 was considered
statistically significant.

3rd

6

3.76±0.6

Results
Among a total of 81 fetuses, 52 were males (64.2%) and
29 were females (35.8%). The age range was between 12
and 40 weeks of gestation. The vast majority of the congenital anomalies were nervous system disorders (ten
fetuses with ventriculomegaly, seven with neural tube
defect, three with encephalocele, two with anencephaly,
one with schizencephaly, one with holoprosencephaly,
and one with fetal acrania) followed by anhydramnios or
oligohydramnios (eight fetuses), renal agenesis (three
fetuses), cardiac defects (three fetuses), and extremity
anomalies (three fetuses). The mean villus height to
width ratios according to the pregnancy trimesters are
presented in Table 1.
The mean villus height to width ratio was 3.24±0.56
regardless of the gestational age. In addition, the mean
villus height to width ratio among females and males
were 3.62±1.28 and 3.02±0.84, respectively (p=0.014).
The fetuses were classified into three groups according
to the pregnancy trimesters. The first trimester group
consisted of 2 fetuses that had cystic hygroma and anencephalus in the 12 and 13 weeks of gestation and the villus height to width ratios were 2.69 and 2.8, respectively. The mean villus height to width ratio was 2.75±0.37
in the first trimester group. The second trimester group
consisted of 73 individuals. Among these fetuses, 22 had
central nervous system disorders, 8 had oligo/anhydramnios, 3 had cardiac abnormalities, 3 had renal agenesis, 3 had extremity abnormalities, 2 had sickle cell

Villus height/width ratio (mean±SD)

n: number; SD: standard deviation.

anemia, 2 had cleft lip, 1 had Down syndrome, 1 had
omphalocele, and remaining 28 fetuses had no anomalies. The mean villus height to width ratio was
3.21±0.17 in the second trimester group. The third
trimester group consisted of 6 fetuses that had oligohydramnios, cranial agenesis, ventriculomegaly and 3
fetuses had no abnormalities. The mean villus height to
width ratio was 3.76±0.6 in the third trimester group.
Of 81 fetuses, two were in the first trimester, 73 in
the second trimester, and six in the third trimester.
There was no statistically significant correlation
between weeks of gestation and the duodenal villus
height to width ratios when the Pearson correlation test
was applied (p=0.080, r=0.196). Villus height to width
ratio correlation graph according to weeks of gestation
is presented in Fig. 3.
Thirty-seven fetuses, who were less than 20 weeks
of gestational age, had a mean villus height to width
ratio of 3.12±1.09. The 44 fetuses, who were ≥20 weeks

Fig. 3. The correlation graph of villus height to width ratios (X/Y)
according to the weeks of gestation.
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of gestational age, had a mean villus height to width
ratio of 3.35±1.03. The difference between the mean
ratios of these two groups was not statistically significant (p=0.334).

When linear regression test was applied between
gender and villus height to width ratio, our study supports that the most important factor affecting villus
height to width ratio is gender.

The mean villus height to width ratio of the fetuses
with nervous system anomalies (25 fetuses) and the
remaining cases were 3.22±0.97 and 3.25±1.10, respectively, yet it was not statistically significant (p=0.873).

In our study, the villus height to width ratio is
increased towards the third trimester. However,
because the number of samples was not equally distributed between the three groups regarding the pregnancy trimesters, we could not statistically the difference
between the groups evaluate. The fetuses aborted in
the first trimester are usually not sufficient for complete autopsy, including intestinal sampling, and this is
one of the limitations of this study. The limitation of
our study is that the vast majority of the fetuses investigated in the pathology laboratory for autopsy were in
the 2nd trimester and the number of the fetuses in the
1st and the 3rd trimesters was quite low, thus cases
were not normally distributed.

Discussion
This study presents the first normative data regarding
the duodenum villus height to width ratio in three different trimesters in the human fetus. Historically,
anatomical and histological studies performed on salvaged intestines were limited secondary to the lack of
availability of samples and autolysis. To eliminate these
confounding factors, our study was performed immediately after the fetal specimens were collected. We
found distinct histological characteristics of the duodenum at each gestational age grouping. Our study indicated that the mean villus height to width ratio was
3.24±0.56. This ratio is in the range between the values
which were identified among children in the previous
studies.[1,2] While this ratio is 4–5:1 in the duodenum in
healthy adults, it is 6.8 in the jejunum.[7]
Duodenum is an important part of the gastrointestinal tract for absorption carried out by villi. Celiac
disease is the most commonly seen malabsorption syndrome that has a female tendency.[8] Interestingly, in
our study, we observed that female fetuses had longer
villi than male fetuses (p<0.05).
The differences between fetuses with <20 and ≥20
of weeks of gestation were not statistically significant.
The first group had 37 and the second group had 44
fetuses. These two groups had an adequate number of
cases to be analyzed with Student’s t-test.
Nervous system anomalies were the most common
cause to terminate the fetuses in our study. There was
no statistically significant difference between fetuses
with nervous system abnormalities and remaining
cases. In healthy individuals, shorter villi and inflammation were reported previously.[3–5] Some authors
described congenital microvillus atrophy or familial
enteropathy which has flat mucosa with hypoplastic
villus and abnormal mucin by histopathologically and
ultrastructurally.[9–11]
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Conclusion
In our study, villi were blunter and shorter in fetuses
than in adults but not in children regardless of weeks of
gestation compared to the literature. We think that the
villi elongation continues gradually after birth that may
be affected by environmental factors. The data
obtained from this study contributes to the other studies to determine the pathologies of mucosal anomalies
of duodenum and villus atrophy. To our knowledge,
this is the first study to investigate the duodenal villus
size in human fetuses. Considering the scarcity of studies on this subject, our report is noteworthy. Further
studies with larger sample sizes are needed.
Funding: This work did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sectors.
Compliance with Ethical Standards: The authors stated
that the standards regarding research and publication ethics,
the Personal Data Protection Law and the copyright regulations applicable to intellectual and artistic works are complied with and there is no conflict of interest.
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Systemic immune-inflammation index in twin
pregnancies compared to singleton pregnancies
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Abstract

Özet: Tekil gebeliklere k›yasla ikiz gebeliklerde sistemik immün-enflamasyon indeksi

Objective: To evaluate the systemic immune-inflammation index
(SII) in twin pregnancies.

Amaç: ‹kiz gebeliklerde sistemik immün-enflamasyon indeksini
(SII) de¤erlendirmek.

Methods: The retrospective study included 200 twin (dichorionic/
diamniotic and monochorionic/diamniotic) and 200 singleton pregnancies (control group). All pregnant women were in the first
trimester (<14 weeks of gestation). The study and the control
groups were compared in terms of demographic characteristics, laboratory test results, and SII values.

Yöntem: Retrospektif çal›ﬂmaya 200 ikiz (dikoryonik/diamniyotik
ve monokoryonik/diamniyotik) ve 200 tekil gebelik (kontrol grubu)
dahil edildi. Tüm gebeler birinci trimesterdeydi (<14. gebelik haftas›). Çal›ﬂma ve kontrol gruplar›, demografik özellikler, laboratuvar
test sonuçlar› ve SII de¤erleri yönünden karﬂ›laﬂt›r›ld›.

Results: The mean week of gestation was 9.7±2 in dichorionic
diamniotic twin pregnancy group, 10.4±2 in monochorionic diamniotic twin pregnancy group and 9.4±2 for the control group (p=0.083).
The lymphocyte value was lower in the dichorionic group and monochorionic group than in the control group (p=0.020 and p=0.020,
respectively). The platelet-to-lymphocyte ratio (PLR) values were
higher in the dichorionic group than in the control group (p=0.002).
However, there was no statistical difference between the groups for
neutrophil-to-lymphocyte ratio (NLR) and SII values (p>0.05).
Conclusion: Physiological inflammatory/immune reaction of early
pregnancy may affect PLR values in twin pregnancies. We observed
that chorionicity is considerable for these inflammatory indices,
especially for dichorionic twin pregnancies. However, we could not
detect a significant change in SII values in twin pregnancy.
Keywords: Neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, systemic immune-inflammation index, twin pregnancy.

Introduction
Twin pregnancies constitutes 2–4% of the total number
of births.[1,2] Twin pregnancy rate has been increased in
the last 30 years due to advanced maternal age and
increased application of assisted reproductive tech-

Bulgular: Ortalama gebelik haftas› dikoryonik diamniyotik ikiz
gebelik grubunda 9.7±2, monokoryonik diamniyotik ikiz gebelik
grubunda 10.4±2 ve kontrol grubunda 9.4±2 (p=0.083) idi. Lenfosit de¤eri dikoryonik ve monokoryonik gruplarda kontrol grubundan daha düﬂüktü (s›ras›yla p=0.020 ve p=0.020). Trombosit-lenfosit oran› (PLR) de¤erleri dikoryonik grupta kontrol grubundan
daha yüksekti (p=0.002). Ancak nötrofil-lenfosit oran› (NLR) ve
SII de¤erleri bak›m›ndan gruplar aras›nda istatistiksel bir fark yoktu (p>0.05).
Sonuç: Erken gebeli¤in fizyolojik enflamatuvar/immün reaksiyonu, ikiz gebeliklerde PLR de¤erlerini etkileyebilir. Koryonisitenin
bu enflamatuvar indeksler için, özellikle de dikoryonik ikiz gebelikler için dikkate de¤er oldu¤unu gözlemledik. Ancak ikiz gebelikte SII de¤erlerinde anlaml› bir de¤iﬂiklik tespit edemedik.
Anahtar sözcükler: Nötrofil-lenfosit oran›, trombosit-lenfosit
oran›, sistemik immün-enflamasyon indeksi, ikiz gebelik.

niques.[3] Compared to singleton pregnancies, twin pregnancies have an increased risk of obstetric complications
such as miscarriage, premature birth, anemia, and gestational hypertension. Altered adaptation during twin
pregnancy is a leading cause of these various complica-
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tions.[4] Immune and inflammatory changes during pregnancy adaptation in twin pregnancies were evaluated
with systemic inflammatory markers such as the neutrophil-lymphocyte ratio (NLR) previously, and significant differences were found.[5,6] The systemic immune
inflammation index (SII) is a new marker including
peripheral lymphocyte, neutrophil, and blood platelet
counts.[7] It has been used as a clinical marker to predict
the prognosis of the obstetric complications and oncological diseases in various studies.[8–11] In this study, we
aim to evaluate the SII in twin pregnancy.

rates of in vitro fertilization (IVF) pregnancies, gestational age at diagnosis (in weeks), maternal hemoglobin
(Hb) (g/dl) count, leukocyte (103/μL) count, lymphocyte
(103/μL) count, neutrophil (103/μL) count, platelet
(103/μL) count, neutrophil-to-lymphocyte ratio (NLR)
(neutrophil/lymphocyte), platelet-to-lymphocyte ratio
(PLR), and SII (neutrophil × platelet /lymphocyte) values were compared between the groups.
Statistical analysis was enforced using IBM SPSS
Statistics 17.0 (IBM Corporation, Armonk, NY, USA).
Descriptive statistics were given as mean ± standard
deviation for numerical data with normal distribution
or median and minimum-maximum values for numerical data which do not follow a normal distribution.
The normality of the variables was tested with both
Shapiro-Wilk and Kolmogorov-Smirnov tests. Oneway ANOVA analysis (and post hoc test to compare
groups in case of significant difference was found with
univariate ANOVA) was used for statistical analysis of
three categorical groups. Comparison of variables
were performed by Pearson chi-square test and
Fisher’s exact test for categorical variables. A p-value
<0.05 were considered statistically significant.

Methods
The study was conducted in Ankara City Hospital
between May 1 and September 15, 2021. Approval for
the study was obtained from Ankara City Hospital
Ethics Committee with the decision number E2-21131. The retrospective study included 200 twins (144
dichorionic/diamniotic and 56 monochorionic/diamniotic twin pregnancies) and 200 singleton pregnancies
and their complete blood counts were evaluated. An
inclusion criteria for the groups was having a viable
embryo within the first 14 weeks of gestation (first
trimester). The gestational age of the pregnancies was
established with fetal crown-rump length by ultrasonographic examination. Chorionicity was assigned according to the number of placental masses and T or λ-signs
for a single placental mass by ultrasonographic examination. Women with fetal chromosomal/structural abnormalities, maternal bleeding, maternal hematologic and
systemic diseases, or smoking during pregnancy were
excluded. Maternal age, parity, BMI (kg/m2), rate of previous miscarriage (%), maternal chronic disease (%),

Results
The study included 200 twins (144 dichorionic/diamniotic and 56 monochorionic/diamniotic twin pregnancies) and 200 singleton pregnant women. There was no
monochorionic/monoamniotic pregnant woman in the
study. Table 1 demonstrates study population demographics. The groups showed similar maternal baseline
characteristics. The mean week of gestation was 9.7±2 in
dichorionic diamniotic twin pregnancy group, 10.4±2 in

Table 1. Baseline data and characteristics of the groups.
Control group
(n=200)

Dichorionic group
(n=144)

Monochorionic group
(n=56)

p-value

Maternal age

28.1±5.2

29.4±5.2

28.5±5.4

0.143

BMI (kg/m2)

26.2±5.2

27.0±4.9

27.3±5.4

0.244

IVF

24 (12%)

26 (18.1%)

9 (16.1%)

0.282

Nulliparity

48 (24%)

33 (22.9%)

15 (26.8%)

0.296

Previous miscarriage (≥1)

26 (13%)

25 (17.4%)

6 (10.7%)

0.374

Gestational age (week)
Maternal chronic disease

9.4±2

9.7±2

10.4±2

0.083

11 (5.5%)

8 (5.6%)

5 (8.9%)

0.609

Data given as mean ± standard deviation. BMI: body mass index; IVF: in vitro fertilization.
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monochorionic diamniotic twin pregnancy group and
9.4±2 for the control group (p=0.083). In Table 2, laboratory test results and SII values were compared
between singleton, dichorionic/diamniotic and monochorionic/diamniotic twin pregnancy groups. There was
a significant difference between the groups for Hb, lymphocyte and PLR values (p=0.001, p=0.016 and p=0.007,
respectively). Hb level in maternal blood were significantly lower in the both dichorionic and monochorionic groups than in the control group (p=0.002, p=0.004,
respectively). The lymphocyte value was lower in the
dichorionic and monochorionic groups than in the control group (p=0.020 and p=0.020, respectively). The
platelet-to-lymphocyte ratio (PLR) values were higher
in the dichorionic group than in the control group
(p=0.002). However, there was no statistical difference
between the groups for neutrophil-to-lymphocyte ratio
(NLR) and SII values (p>0.05).

Discussion
Twin pregnancy is represented as a high-risk pregnancy
due to increased adverse pregnancy outcomes. We
hypothesized that first trimester hyperimmune changes
may occur in twin pregnancies compared to singletons
and consistently we found significantly higher values of
PLR in dichorionic diamniotic twin pregnancies than
controls. However, there was no difference in all groups
for SII values.
In pregnant women, local adaptation of the maternal
immune system allows for successful coexistence

between the mother and the fetus.[12] Cytotoxic adaptive
immune responses are diminished, while regulatory
adaptive immunity is enhanced.[13,14] The fetal membranes and placental trophoblasts are directly exposed to
maternal blood and tissues. The number of fetuses is significantly correlated with the activity of trophoblasts.[15]
The studies have reported that twin pregnancies produce more trophoblasts than singleton pregnancies during the first trimester.[6,16] The T helper 1 (Th1): T
helper 2 (Th2) balance was compared between twin and
singleton pregnancies in the first trimester.[6] The mean
Th1:Th2 ratio in twin pregnancies was found to be significantly lower than in singleton pregnancies, associated with increased maternal serum hCG levels.[6]
There is a growing number of studies evaluating
altered immunity and inflammation-related obstetric
complications. The NLR and PLR values were reported to be sensitive early biomarkers of inflammatory
response in obstetric conditions.[17–19] NLR was found
significantly higher in patients with preeclampsia,
hyperemesis gravidarum, and cholestasis of pregnancy
that all related with hyperinflammation.[17–19] Sabre et al.[5]
evaluated 29 twin and 29 singleton pregnancies in the
first trimester. They found that NLR was significantly
higher in twin pregnancies. However, they found no difference in PLR values between groups. Contrarily, we
observed significantly higher PLR values in the dichorionic diamniotic twin pregnancies than singleton pregnancies. This may be related to the low lymphocyte levels in the twin pregnancy group. However, there was an
increase in NLR and SII values in both dichorionic and

Table 2. Comparison of laboratory test results and SII values between singleton pregnancy, dichorionic/diamniotic and monochorionic/diamniotic twin pregnancy groups.
Control group
(n=200)

Dichorionic group
(n=144)

Monochorionic group
(n=56)

p-value

Hb (g/dl)

12.6±1.1

12.2±1.2*

12.1±1.3†

0.001

Leukocyte (103/μL)

8.5±2.6

8.1±2.6

8.9±2.3

0.160

Neutrophil (103/μL)

6.7±3.1

6.5±2.3

6.4±2.1

0.737
0.016

Lymphocyte (103/μL)
Platelet (103/μL)
NLR

2.0±0.7

1.8±0.6*

1.7±0.4†

269.0±71.2

269.3±61.7

264.1±62.8

0.875

3.6±2.1

4.4±2.1

4.1±2.1

0.055

PLR

146.2±58.3

184.7±70.3*

156.9±48.5

0.007

SII (109/L)

955.95±53.5

1178.45±120.7

1057.19±474.6

0.052

Data given as mean ± standard deviation. *Statistically significant difference between dichorionic group and control group (p<0.05); †statistically significant difference
between monochorionic group and control group (p<0.05). Control: singleton pregnancies; Hb: hemoglobin; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; SII: systemic immune inflammation index.
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monochorionic twin pregnancies, but no statistically significant difference was observed compared to the control group. The SII is a new marker that incorporates
lymphocyte, neutrophil, and platelet parameters known
to be associated with inflammation.[7,8] For predicting
oncological disease prognosis, SII was used in different
studies.[7–9] The SII value was evaluated for prediction of
adverse neonatal outcomes in preterm premature rupture of membranes (PPROM), and researchers found
significantly increased SII values in the patients with
PPROM.[10]
Monochorionic twin pregnancies have higher perinatal complication risks than dichorionic twin pregnancies.[20] Riyami et al.[21] observed that high perinatal morbidity and mortality rate is likely due to frequent twinto-twin transfusion syndrome, prematurity, fetal growth
restriction, and intrauterine fetal death. It has been
investigated that it may cause high adverse pregnancy
outcomes due to the greater fetomaternal antigenic differences in monochorionic pregnancies. However,
Savvidou et al.[22] evaluated 666 twin pregnancies, and
they observed chorionicity does not affect the incidence
of preeclampsia in twin pregnancies. In this study, we
compared NRL, PLR, and SII data in monochorionic
and dichorionic twin pregnancies, considering the high
rate of adverse pregnancy outcomes in monochorionic
pregnancies. On the contrary, we did not detect any significant difference between monochorionic and dichorionic pregnancies. However, dichorionic twin pregnancy
group had a significantly increased PLR values compared to singleton pregnancies. Placental weight is higher in dichorionic twin pregnancies compared to monochorionic pregnancies.[23] Therefore, it could be assumed
that markers associated with inflammation may contribute to the higher immunological load with placental
mass in dichorionic pregnancies.[22]

Conclusion
In conclusion, there was significantly higher PLR values in twin pregnancies compared to controls. In addition, we observed that chorionicity is considerable for
these inflammatory indices, especially for dichorionic
twin pregnancies. This is the first study to evaluate the
SII values in twin pregnancies. Future studies are needed to evaluate the relationship between SII assessment
and adverse pregnancy outcomes in twin pregnancies.

Our study has strengths and weaknesses. It is the
first study to evaluate the SII value in twin pregnancies.
Using of an inexpensive and easy-to-apply method
against underestimation is the strength of our study.
The limitation of our study is the retrospective evaluation of the data and lack of long-term outcomes of the
study group.
Funding: This work did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sectors.
Compliance with Ethical Standards: The authors stated
that the standards regarding research and publication ethics,
the Personal Data Protection Law and the copyright regulations applicable to intellectual and artistic works are complied with and there is no conflict of interest.
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Diagnostic utility of protein excretion in 24-hour
urine and the protein to creatinine ratio for adverse
perinatal outcomes and time of delivery
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Abstract

Özet: 24 saatlik idrarda protein at›l›m›n›n tan›lay›c›
kullan›m› ve advers perinatal sonuçlar ile do¤um
zaman› için protein-kreatinin oran›

Objective: Our study aimed to evaluate the perinatal and neonatal
outcomes of hypertensive pregnant women with or without proteinuria. We compared the predictivity of spot urinary protein to creatinine (P/C) ratio and 24-hour protein excretions on outcomes.

Amaç: Çal›ﬂmam›zda, proteinürisi olan veya olmayan hipertansif
gebelerde perinatal ve neonatal sonuçlar› de¤erlendirmeyi amaçlad›k. Spot üriner protein ile kreatinin oran›n›n (P/C) ve 24-saatlik
protein at›l›m›n›n sonuçlar üzerindeki prediktivitesini karﬂ›laﬂt›rd›k.

Methods: We retrospectively enrolled 230 pregnant women with a
new diagnosis of hypertension between 20 and 37 weeks of gestation. We divided the patients into two groups according to the protein level determined by 24-hour urine collection and P/C ratio.
The presence and level of proteinuria, its relationship with the P/C
ratio, and the relationship between these findings and perinatal outcomes were evaluated.

Yöntem: Gebeli¤in 20. ve 37. haftalar› aras›nda yeni hipertansiyon
tan›s› alm›ﬂ 230 gebe retrospektif olarak çal›ﬂmaya dahil edildi. Al›nan 24 saatlik idrar ve P/C ile belirlenen protein seviyesine göre
hastalar iki gruba ayr›ld›. Proteinüri varl›¤› ve seviyesi, P/C oran›yla olan iliﬂkisi ve bu bulgular ile perinatal sonuçlar aras›ndaki iliﬂki
de¤erlendirildi.

Results: Gestational age at delivery weeks and latency period (duration between diagnosis of hypertension and delivery) were significantly earlier in pregnant women with ≥300 mg/24-h and P/C ratio
≥0.3. Adverse neonatal outcomes were significant in patients with
proteinuria ≥300 mg/24-hour and P/C ratio ≥0.3. Urinary protein
levels in 24-hour urine were significantly higher in pregnant women
with P/C ratio ≥0.3 and a significantly positive correlation was found
between 24-h proteinuria and P/C (r=0.382, p<0.001).

Bulgular: Do¤um esnas›ndaki gestasyonel yaﬂ ve gecikme dönemi
(hipertansiyon tan›s› ile do¤um aras›ndaki süre), ≥300 mg/24 saat
ve P/C≥0.3 de¤erlerine sahip gebelerde anlaml› ﬂekilde daha erkendi. Advers neonatal sonuçlar, proteinürisi≥300 mg/24 saat ve
P/C≥0.3 olan hastalarda anlaml›yd›. 24 saatlik idrarda üriner protein seviyeleri, P/C≥0.3 de¤erine sahip gebelerde anlaml› ﬂekilde
daha yüksekti ve 24 saatlik proteinüri ile P/C aras›nda anlaml› ﬂekilde pozitif bir korelasyon bulundu (r=0.382, p<0.001).

Conclusion: Our study demonstrated that a protein loss of ≥300 mg
in 24-h and a P/C ratio in spot urine ≥0.3 in hypertensive pregnant
women is associated with adverse perinatal outcomes. Furthermore,
we have identified that proteinuria ≥300 mg/day and spot urine P/C
ratio ≥0.3 in hypertensive pregnant women make them prone to
early delivery risk.

Sonuç: Çal›ﬂmam›z, hipertansif gebelerde 24 saatte ≥300 mg’lik
bir protein kayb› ve spot idrarda ≥0.3’lük bir P/C oran›n›n advers
perinatal sonuçlarla iliﬂkili oldu¤unu ortaya koymuﬂtur. Ayr›ca, hipertansif gebelerde ≥300 mg/gün seviyesinde proteinürinin ve
≥0.3’lük spot idrar P/C oran›n›n bu gebeleri erken do¤um riskine
e¤ilimli k›ld›¤›n› tespit ettik.
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Introduction
Hypertension complicates nearly 10% of pregnancies
worldwide. Chronic hypertension, gestational hypertension, preeclampsia/eclampsia, and superimposition of
preeclampsia on chronic hypertension are all accepted
hypertensive disorders associated with pregnancy.[1]
Clinicians routinely perform a urinalysis for proteinuria in their clinical practice and it helps to predict pregnancy complications. Elevated protein concentration in
twenty-four-hour urine was accepted as a diagnostic criterion for preeclampsia for many years, but renal problems can also cause these elevations. The high protein
concentrations in urine may be the result of a high plasma protein concentration, increases in glomerular permeability, decreases of tubular protein reabsorption, and
alterations of renal hemodynamics.[2] For the diagnosis of
preeclampsia, proteinuria is accepted sufficient but it is
not necessary since 2013. However, the importance of
protein excretions as a predictive factor for risk assessment is still controversial, especially in women with
hypertensive problems.[3]
The increase in urinary protein excretion during the
pregnancy period is accepted as normal. The causes of
this change are hypervolemia-associated hemodilution
and renal blood flow increase. During the third
trimester, healthy pregnant women can have protein in
their urine up to 200 to 260 mg per day.[4,5] The method
that is accepted as a “gold standard” in proteinuria assessment is calculating the protein concentration in urine
collected for 24 hours (24-h). There must be at least 0.3
g protein in twenty-four-hour urine for the definition of
proteinuria during pregnancy.[3] However, it is really hard
to collect a twenty-four-hour urine sample for anyone
and this may cause errors even before delivering the sample to the laboratory. All these reasons can result in mistakes in the results or some alterations in the application
of the assay.[6] The assessment of protein to creatinine
ratio can be a fast and easy option for quantitative evaluation of proteinuria (in this article, P/C will be used as
the protein to creatinine ratio in a spot urine). It is an
easy marker that is found by dividing the protein amount
(mg/dl) to the creatinine amount (mg/dl) and spot urine
can be used for this test.[7] But there is no accepted cut-off
value of this ratio and there are a lot of investigations
going on for the determination of that cut-off value.[8]
Our study aimed to find a predictive marker for
maternal and fetal risks in pregnant women with hypertension. For this purpose, we investigated 24-h protein-
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uria, and tried to redefine its importance in the diagnosis
of preeclampsia. We also tried to find a proper cut-off
value for the P/C ratio to make it easy to use urinary protein excretion as a marker. Another goal of our study was
to investigate the effect of 24-h proteinuria and P/C on
the period between the diagnosis of hypertension and the
time of delivery (latency period) in hypertensive pregnant women.

Methods
In this study, we retrospectively enrolled 230 pregnant
women with gestational hypertension from the
University of Health Sciences Tepecik Training and
Research Hospital, Department of Obstetrics and
Gynecology between June 2018 and December 2020.
The Ethics Committee of the University of Health
Sciences approved our study. All data were collected
from the digital patient records of our department.
Single pregnancies complicated with hypertension
between 20 and 37 weeks of gestation were included in
our study. Women with chronic essential/secondary
hypertension which is diagnosed before pregnancy,
women who have systemic illnesses like diabetes mellitus
and Hashimoto’s disease, and pre-diagnosed renal problems are excluded from our study. Gestational diabetes,
pregnant women with often urinary tract infections, multiple pregnancies, premature membrane ruptures were
also excluded. Pregnant women who underwent assisted
reproductive techniques were not included in our study
groups. Patients with thrombocyte count lower than
150,000/μL or elevated liver function tests (two times
higher than the normal value) were also excluded. We
defined systolic blood pressure (BP) higher than 14
cmHg and/or diastolic BP higher than 9 cmHg in a previously normotensive pregnant woman as hypertensive.
We divided all patients into two groups according to the
level of protein detected by either 24-h urine collection
or P/C. The cut-off value to define proteinuria for 24-h
urine collection was 300 mg/24-h and for P/C was ≥0.3.
During the period of our study, some of pregnant
women were hospitalized due to poorly controlled blood
pressure or fetal growth restriction. After hospitalization,
the pregnant women were evaluated for BP every 4–6
hours. Biochemical analysis, coagulation profiles, creatinine clearance, and urinary protein excretion levels were
controlled on admission and then 2 times every week. To
monitor the fetus, we performed non-stress tests (NST)
daily. The fetal growth was assessed by using sonographic evaluations and the amniotic fluid index was evaluated
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every week. As a first-line antihypertensive drug oral
methyldopa or hydralazine was used. If these were insufficient, intravenous (IV) hydralazine or continuous IV
nicardipine infusion were the second-line drug choices.
Before the 34th week of gestation, if there was an urgent
indication for labor within one week, two doses of intramuscular betamethasone injections were used to accelerate fetal lung maturation.
Maternal indications for preterm labor:
• Despite administration of adequate doses of antihypertensive medications, ongoing high blood pressure,
• Eclampsia and hypertensive encephalopathy risk
(visual disturbance and severe headache),
• Hemolysis, elevated liver enzymes, and low platelet
count (HELLP),
• Risk of acute renal failure,
• Placental abruption.
Fetal indications for preterm labor:
• Detection of repeated late decelerations in fetal heart
rate or severe variable decelerations in NST,
• Biophysical profile score ≤4,
• Reversed end-diastolic flow in the Doppler USG of
the umbilical artery at or after 32 weeks of gestation.
Blood samples were collected after ten hours of
overnight fasting in the morning from 8 AM to 9 AM.
Serum hemoglobin, serum glutamic-oxaloacetic transaminase (SGOT), serum glutamate pyruvate transaminase
(SGPT), and gamma-glutamyl transferase (GGT), urea
and creatinine levels were measured by Olympus AU
2700 automated analyzer (Olympus Health Systems,
Tokyo, Japan). Urine samples were collected in the week
of diagnosis of hypertension. The 24-hour urine collection was started in the morning after the overnight urine
was disposed of. All urine during day and night including
the first urine the next morning was collected. The creatinine and protein values were measured by Jaffe and
calorimetric methods. The total urinary protein (mg) was
calculated with the formula of total urinary volume (dl) ×
the protein concentration (mg/dl).
Data were analyzed using IBM SPSS Statistics 21.0
(IBM Corp. Released 2012. IBM SPSS Statistics for
Windows, Version 21.0; Armonk, NY, USA). Continuous
variables were expressed as mean ± standard deviation,
categorical variables were expressed as numbers and percentages. Shapiro-Wilk test was used for the conformity
of data to normal distribution. To compare the mean values between two normally distributed groups, we used
independent samples t-test. We used Fisher’s exact chi-

square tests and Pearson’s chi-square to determine the
association between two categorical variables. The relationship evaluated by linear p<0.05 was accepted as statistically significant.

Results
In this study, the results of 230 pregnant women with
hypertension were evaluated. Of these, 90 (39.1%) had
24-hour proteinuria ≥300 mg, and 140 (60.9%) had 24hour proteinuria <300 mg. Of 230 pregnant women, 70
(30.4%) had P/C≥0.3 and 160 (69.6%) had P/C<0.3.
Demographic features and laboratory results of the
patients according to 24-h proteinuria are demonstrated
in Table 1.
Mean urine volume, urinary protein, and urinary creatinine levels (p<0.001 for all) were significantly higher in
pregnant women with proteinuria ≥300 mg/24-h. P/C
ratio was also higher in pregnant women with proteinuria ≥300 mg/24-h (0.9±2.9 vs 0.2±0.2; p<0.001). There
was no significant difference between two groups in
terms of the plasma levels of hemoglobin, thrombocyte,
ALT, AST, and creatinine.
Perinatal outcomes of pregnant women according to
24-h proteinuria are demonstrated in Table 2.
Gestational age at delivery weeks (p<0.001) and duration
between diagnosis of hypertension and delivery (latency
period) (p<0.001) were significantly earlier in pregnant
women with proteinuria ≥300 mg/24-h. The 1- and 5minute Apgar scores and birth weights were significantly
lower in pregnant women with proteinuria ≥300 mg/24h (p<0.001, p<0.001, and p=0.001, respectively). Adverse
neonatal outcomes, including admission to the Neonatal
Intensive Care Unit (NICU), intubation, respiratory distress syndrome (RDS), and RDS with meconium aspiration were significantly higher in pregnant women with
proteinuria ≥300 mg/24-hours (p<0.001 for all of the
variables).
Demographic features and laboratory results of the
pregnant women when they grouped according to P/C
ratio are demonstrated in Table 3. Mean urine volume
(p=0.018) and urinary protein (p<0.001) levels in 24hour urine were significantly higher in pregnant women
with P/C≥0.3. The mean P/C ratio in spot urine was significantly higher in pregnant women with P/C≥0.3
(p<0.001). There was no significant difference between
the two groups in the plasma levels of hemoglobin,
thrombocyte, ALT, AST, and creatinine.
Perinatal outcomes of pregnant women according to
P/C are demonstrated in Table 4. Gestational age at
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Table 1. Demographic features and laboratory results of the patients according to 24-h urinary protein levels.
≥300 mg)
24-h proteinuria (≥
(n=90)

24-h proteinuria (<300 mg)
(n=140)

p-value

Maternal age (years)

30.1±5.9

28.8±6.1

0.154

Gravidity

2.7±1.5

2.7±1.5

0.782

Parity

1.3±1.1

1.4±1.2

0.821

Volume (ml)

2286.6±1131.6

1562.5±826.8

<0.001

Protein (mg)

733.1±1380.7

179.6±59.4

<0.001

Urea (mg/dl)

13.9±5.1

14.7±7.3

0.180

1282.3±552.9

1010.1±340.9

<0.001

0.9±2.9

0.2±0.2

<0.001

24-h urine

Creatinine (mg/dl)
Spot urine P/C
Plasma levels

Hemoglobin (mg/dl)
Platelet (per mm3)

11.3±1.2

11.3±1.2

0.565

226,155±55,625

228,335±59,867

0.914

ALT (IU)

15.9±6.4

15.85±4.94

0.836

AST (IU)

13.8±14.1

12.36±6.41

0.642

0.6±0.1

0.6±0.1

0.275

Creatinine (mg/dl)

Data are presented as mean ± standard deviation. ALT: alanine transaminase; AST: aspartate aminotransferase; P/C: protein to creatinine ratio.

Table 2. Perinatal outcomes of patients according to 24-h urinary protein levels.
≥300 mg)
24-h proteinuria (≥
(n=90)

24-h proteinuria (<300 mg)
(n=140)

p- value

Gestational age at sampling (weeks)

31.5±3.6

31.1±3.8

0.097

Gestational age at delivery (weeks)

37.3±1.70

38.4±1.22

<0.001

Latency (d)

40.3±32.1

51.8±25.9

<0.001

Cesarean section

64 (71.7)

70 (58.3)

Vaginal

27 (29.3)

57 (41.6)

26 (40.0)

21 (26.)

2 (2)

1 (0.9)

Mode of delivery

Primary cesarean section
Cesarean indications

Fetal gender

Apgar score

Breech presentation

1 (0.9)

0 (0)

Preeclampsia

4 (3.8)

4 (3.9)

Severe hypertension

8 (7.6)

2 (2)

Fetal distress

4 (3.8)

4 (3.9)

Abnormal Doppler findings

4 (3.8)

1 (0.9)

Cephalopelvic disproportion

1 (0.9)

5 (4.9)

Abnormal placentation

1 (0.9)

1 (0.9)

Protracted labor

1 (0.9)

3 (2.9)

Male

46 (50.0)

77 (56.2)

Female

46 (50.0)

60 (43.8)

1-minute

6.8±0.8

7.2±0.6

<0.001

5-minute

7.9±0.7

8.2±0.5

<0.001

2940±582

3190±482

0.001

56 (62.2)

104 (39.1)

<0.001

Intubation (+)

29 (32.2)

13 (10.8)

<0.001

RDS

49 (53.3)

47 (39)

<0.001

8 (8.8)

2 (1.6)

<0.001

NICU admission

RDS + meconium aspiration

Data are presented as mean ± standard deviation or n (%). NICU: neonatal intensive care unit; RDS: respiratory distress syndrome.
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0.079

Fetal growth restriction

Birth weight (g)
Neonatal outcomes

0.081

0.266

0.431
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Table 3. Demographic features and laboratory results of the patients according to spot urine P/C.
≥0.3)
Spot urine P/C (≥
(n=70)

Spot urine P/C (<0.3)
(n=160)

p-value

Maternal age (years)

30.1±5.81

28.9±6.12

0.167

Gravidity

2.87±1.38

2.71±1.55

0.227

Parity

1.43±1.06

1.34±1.16

0.347

Volume (ml)

2100±1110

1740±963

0.018

Protein (mg)

756±1340

220±112

<0.001

24-h urine

Urea (mg/dl)

14.3±5.40

14.0±8.09

0.180

Creatinine (mg/dl)

1040±372

1160±486

0.121

1.1±3.3

0.2±0.1

<0.001

Spot urine P/C
Plasma levels

Hemoglobin (mg/dl)
Platelet (per mm3)

11.3±1.2

11.4±1.2

0.476

227,000±53,300

228,000±59,300

0.801

ALT (IU)

14.6±16.5

12.3±6.04

0.888

AST (IU)

16.4±6.60

15.7±5.02

0.618

0.631±0.127

0.608±0.120

0.074

Creatinine (mg/dl)

Data are presented as mean ± standard deviation. ALT: alanine transaminase; AST: aspartate aminotransferase; P/C: protein to creatinine ratio.

Table 4. Perinatal outcomes of patients according to spot urine P/C.
≥0.3)
Spot urine P/C (≥
(n=70)

Spot urine P/C (<0.3)
(n=160)

Gestational age at sampling (weeks)

31.8±3.8

31.0±3.9

0.082

Gestational age at delivery (weeks)

37.3±1.8

38.2±1.3

<0.001

Latency

38.2±28.3

51.0±28.6

<0.001

Cesarean section

52 (76.5)

93 (57.8)

Vaginal

16 (23.5)

68 (42.2)

19 (36.5)

28 (30.1)

2 (1.9)

1 (0.98)

Mode of delivery

Primer cesarean section
Cesarean section indications

Fetal gender

Apgar score

Breech presentation
Fetal growth restriction

1 (0.95)

0 (0.0)

Preeclampsia

3 (2.86)

5 (4.9)

Severe hypertension

5 (4.76)

5 (4.9)

Fetal distress

2 (1.9)

6 (5.88)

Abnormal Doppler findings

3 (2.86)

2 (1.96)

Cephalopelvic disproportion

1 (0.95)

5 (4.9)

Abnormal placentation

1 (0.95)

1 (0.98)

0.011
0.427

0.624

Protracted labor

1 (0.95)

3 (2.94)

Male

36 (52.9)

87 (54.0)

Female

32 (47.1)

74 (46.0)

1-minute

6.8±0.8

7.2±0.6

<0.001

5-minute

7.9±0.7

8.2±0.5

<0.001

2910±590

3160±496

0.004

24 (35.3)

115 (71.4)

<0.001

Birth weight (g)
Neonatal outcomes

p-value

NICU admission

0.994

Intubation (+)

25 (36.8)

7 (4.3)

<0.001

RDS

36 (52.9)

46 (28.6)

<0.001

RDS + meconium aspiration

8 (11.8)

0 (0)

<0.001

Data are presented as mean ± standard deviation or n (%). NICU: neonatal intensive care unit; RDS: respiratory distress syndrome.
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delivery (p<0.001) and latency period (p<0.001) were significantly earlier in patients with P/C≥0.3. Different
from pregnant women with proteinuria ≥300 mg/24-h,
the rates of cesarean delivery were significantly higher in
pregnant women with P/C≥0.3. The 1-minute (p<0.001)
and 5-minute (p<0.001) Apgar scores and birth weights
(p=0.004) were significantly lower in pregnant women
with P/C≥0.3 compared to those with P/C<0.3. All
adverse neonatal outcomes were significantly higher in
pregnant women with P/C≥0.3 (p<0.001 for all parameters).
Regression analysis was used to identify the strength
of relationship between two tests. The latency period
and delivery weeks were significantly negatively correlated both with the 24-h urinary protein concentration
and P/C as shown in Fig. 1 (r=-0.140, p=0.034; r=0.423, p<0.001, respectively) and Fig. 2 (r=-0.030,
p=0.049; r=-0.277, p<0.001, respectively).
A comparison of proteinuria with both tests is presented in Table 5. There was a statistically significant
association between 24-h proteinuria and P/C.
Furthermore, a statistically significant positive correlation was observed between 24-h proteinuria and P/C
(r=0.382, p<0.001) (Fig. 3).

Discussion
This study indicates that proteinuria in pregnant women
with hypertension is an important indicator of adverse
perinatal outcomes. The study also displayed an important warning message for preterm delivery in pregnancies complicated by hypertension.
Our study demonstrates that the spot urine P/C ratio
is as reliable as the 24-h urine test in pregnant women
with hypertension, and a spot urine P/C ratio cut-off 30
mg/mmol matches with proteinuria in the corresponding 24-h urine sample. During pregnancy, 24-h urine
collection is the gold standard for the diagnosis of proteinuria.[3] The test itself has some problems, it takes a
long time, and can cause some errors even before laboratory evaluation. It is also important to remember that
laying in the supine position may cause urine stagnation
in the urinary system, and we may not be able to collect
actual 24-h urinary volume.[7] Some authorities have suggested that the spot urine P/C ratio should be the preferred method in the diagnosis of proteinuria. In a study
by Waugh et al., they found that the results of a 24-h
urine sample have comparable results to the spot urine
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sample in the diagnosis of proteinuria in hypertensive
pregnancies.[9] Their study results do not support the
necessity of a 24-h urine sample collection for hypertensive pregnant women. In clinical practice, once the spot
urine P/C ratio is confirmed to be ≥0.3, no further proteinuria measurements are needed during the follow-up
period in hypertensive pregnancy. A spontaneous negative spot urine P/C ratio during the doctor visit may give
useful evidence to eliminate the presence of significant
proteinuria and also the risk of preeclampsia.[10–12] Our
findings support the conclusion of Morikawa et al. They
found spot urine P/C ratio was a significant marker for
prediction of the time of delivery and perinatal outcomes.[13]
An interesting finding of our study is the spot urine
P/C ratio was found to be >0.3 in 7.1% (10/140) of
patients with proteinuria <300 mg/24-h. Among those
10 patients, 1 had thrombocytopenia, 2 had severe
hypertension despite intensive antihypertensive treatment, 1 had severe headache resistant to medications
and 1 had fetal distress signs. Those 5 pregnancies were
delivered before 35 weeks of gestation. Even though the
number of 10 is not enough to make an efficient statistical evaluation, it is enough to conclude that the risk is
higher in patients with spot urine P/C ratio positive and
24-h proteinuria negative. More studies are needed for
the determination of the risks of patients whose proteinuria was diagnosed by both tests.
The fetal outcome from uncomplicated pregnancy
hypertension gives results similar to normal pregnancies
about fetal outcomes.[14] Cruz et al. evaluated that the
best time for labor with hypertensive pregnancies without any other complication was between 38 and 39
weeks of gestation. They suggested a labor induction
between those weeks may result in the best neonatal and
maternal outcomes.[15] Their finding was supported by
Yuce et al.[16] Gofton et al. found similar Apgar scores in
hypertensive pregnant women and their control
group.[17] Ono et al. studied 120 essential hypertensive
pregnant women.[18] In their study, the pregnancy outcomes in women with essential hypertension were better than those in women who have preeclampsia superimposed chronic hypertension.
With this investigation, we found an important
result. The neonatal outcomes in the detailed analysis
showed us that hypertensive pregnant women with proteinuria ≥300 mg/24-h and spot urine P/C ratio ≥0.3
gave birth to infants with more complications. The
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a

b

Fig. 1. (a) Correlation between 24-h urinary protein concentration and latency period. (b) Correlation between 24-h urinary protein concentration and date of delivery.
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a

b

Fig. 2. (a) Correlation between spot urine P/C ratio and latency period. (b) Correlation between spot urine P/C ratio and date of delivery.
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Table 5. Comparison of 24-h urinary protein and spot urine P/C in the assessment of proteinuria.
24-h proteinuria
≥300 mg)
(≥

24-h proteinuria
(<300 mg)

Total

Spot urine P/C≥0.3

60

10

70

Spot urine P/C<0.3

30

130

160

Total

90

140

230

infants born from proteinuric hypertensive pregnancy
had a significantly higher rate of RDS, RDS with meconium aspiration, intubation, and NICU admission.
Furthermore, both Apgar scores and the birth weight of
these infants were significantly lower compared to
infants born from non-proteinuric hypertensive pregnant women. Our findings revealed that proteinuria
could be a good predictor of adverse neonatal outcomes
and should be closely monitored as it could change the
management of pregnancy with hypertension.
In our study population, the duration period from the
hypertension diagnosis to the delivery in proteinuric
pregnant women (proteinuria≥300 mg/24-h or P/C ratio

p-value
<0.001

≥0.3) was significantly lower than those without proteinuria. Furthermore, gestational age at delivery of
proteinuric pregnant women was significantly earlier
than those without proteinuria. As far as we know, our
study is one of the few studies that investigated the predictive value of proteinuria for the identification of
delivery time. Ferrazzani et al. studied the effect of proteinuria on 444 hypertensive pregnant women and
found a significant elevation in the incidence of early
delivery among hypertensive pregnant women with
proteinuria compared to those without proteinuria.[19]
However, they did not correlate the duration between
the diagnosis of hypertension and delivery time. These

Fig. 3. Correlation between 24-h urinary protein concentration and spot urine P/C ratio.
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findings suggested that proteinuria independently from
hypertension could be a risk factor for preterm delivery
and could be used as one of the prognostic factors for
the prediction of delivery time in pregnant women
with hypertension.[20]
In 2013, the criteria for the preeclampsia diagnosis
was revised by the American College of Obstetrics and
Gynecology. Cases in which hypertension with low
thrombocyte count, impaired renal functions, liver
enzyme elevations, pulmonary edema, and central nervous system symptoms are classified as preeclampsia,
even when proteinuria is not detected.[3] Similarly, the
International Society for the Study of Hypertension in
Pregnancy reviewed its criteria for the diagnosis of
preeclampsia in 2013 and decided that proteinuria is not
necessary for the diagnosis.[21] In the absence of proteinuria; the addition of end-organ dysfunction became an
inclusion criterion of preeclampsia. This increased the
frequency of preeclampsia all around the world because
the rate of preeclampsia without proteinuria is about
10%.[22] However, we suggest giving specific importance
to the amount of protein that is secreted to urine for the
predictor of early delivery because many studies have
shown that high proteinuria levels are associated with
adverse perinatal outcomes.[23–25]
The limitations of our study are the relatively small
sample size and the retrospective study design. Our
study was retrospective so it brought the risk of missing
data such as body mass index and additional illnesses of
patients which may alter the prognosis. However, the
strength of our study is all pregnant women were followed up in the same university hospital and there was
no need to transfer them to any other institute. All pregnant women delivered their babies in our university hospital, and as there is an intensive care unit for newborns
in our clinic, we also did not transfer the newborns to
any other department. For these reasons, all antenatal
and postnatal data were available in the medical charts
and could be analyzed in detail.

Conclusion
In conclusion, our study demonstrated that a protein
loss≥300 mg in 24-h and a P/C ratio in spot urine ≥0.3 in
hypertensive pregnant women is associated with adverse
outcomes. Furthermore, we have identified that proteinuria≥300 mg/day and spot urine P/C ratio≥0.3 in hypertensive pregnant women make them prone to early
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delivery risk. Therefore, the findings presented in this
study can be used by clinicians to predict the adverse
perinatal outcomes and expected delivery time of pregnant women with hypertension.
Funding: This work did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sectors.
Compliance with Ethical Standards: The authors stated
that the standards regarding research and publication ethics,
the Personal Data Protection Law and the copyright regulations applicable to intellectual and artistic works are complied with and there is no conflict of interest.
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Abstract

Özet: ‹kizlerin birinde Harlequin tipi fetüs: Nadir bir
olgu sunumu

Objective: Ichthyosis is a heterogeneous group of disorders characterized by hereditary keratinization of the skin. There are at least 20
different types of ichthyosis. Among these, Harlequin-type
ichthyosis is a rare, but often fatal, special form of congenital
ichthyosis. Our main goals in presenting this Harlequin-type
ichthyosis case are to emphasize the antenatal diagnosability, avoid
complications associated with the disease, indicate the need to initiate timely and appropriate treatment to combat these complications, and emphasize that ichthyosis is rare in twin pregnancies.

Amaç: ‹ktiyozis, cildin kal›tsal keratinizasyonu ile karakterize
olan heterojen bir bozukluk grubudur. En az 20 farkl› iktiyozis türü bulunmaktad›r. Bunlar aras›nda, Harlequin tipi iktiyozis nadir
fakat s›kl›kla ölümcül olan özel bir konjenital iktiyozis formudur.
Harlequin tipi iktiyozis olgumuzu sunmaktaki ana amaçlar›m›z,
antenatal tan› konulabilirli¤i vurgulamak, hastal›kla iliﬂkili komplikasyonlardan kaç›nmak, bu komplikasyonlarla mücadele etmek
amac›yla zaman›nda ve uygun tedaviyi baﬂlatma ihtiyac›n› ortaya
koymak ve iktiyozisin ikiz gebeliklerde nadir oldu¤unu belirtmektir.

Case: We presented an ichthyosis case born from a dizygotic pregnancy of a Syrian woman living as a refugee in Turkey. Despite all
the medical procedures performed in the neonatal intensive care
unit, the baby who was diagnosed with Harlequin type ichthyosis
died on the second postpartum day.
Conclusion: Few cases of ichthyosis in twins have been reported. It
is very important to benefit from prenatal screening and genetic
counseling in the early diagnosis of such inherited, rare and fatal diseases.
Keywords: ABCA12 gene, autosomal recessive, congenital
ichthyosis, eclabium, ectropion, Harlequin-type ichthyosis, keratinization disorders, twin pregnancy.

Introduction
Harlequin-type ichthyosis (HI) is a serious and fatal form
of congenital ichthyosis. It is an autosomal recessive
genetic disorder that controls the desquamation process
in the 2nd chromosome and causes a defect in lipid transport, resulting from a mutation in the adenosine triphos-

Olgu: Çal›ﬂmam›zda, Türkiye’de yaﬂayan Suriyeli bir mülteci kad›n›n dizigotik gebeli¤inden do¤an bir iktiyozis olgusunu sunduk.
Neonatal yo¤un bak›m ünitesinde gerçekleﬂtirilen tüm t›bbi müdahalelere ra¤men, Harlequin tipi iktiyozis tan›s› alan bebek ikinci postpartum günde kaybedildi.
Sonuç: ‹kizlerde az say›da iktiyozis olgusu bildirilmiﬂtir. Bu tür
kal›tsal, nadir ve ölümcül hastalar›n erken tan›s›nda prenatal tarama ve genetik dan›ﬂmanl›ktan faydalanmak çok önemlidir.
Anahtar sözcükler: ABCA12 geni, otozomal resesif, konjenital iktiyozis, eklabium, ektropion, Harlequin tipi iktiyozis, keratinizasyon
bozukluklar›, ikiz gebelik.

phate (ATP) binding cassette A12 (ABCA12) gene.[1] Its
overall incidence is 1 in 300,000 births.[2] It is the most
severe form of congenital ichthyosis characterized by
extensive fissure and various degrees of cutaneous malformations. Since the body surface is covered with dense keratinized skin, the protective feature of the skin is impaired
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and the tendency to infection increases. Restriction of
breathing causes hypoventilation and respiratory failure.
Ectropion, eclabium, flattening of the ears, deformity of
the fingers and auto amputation, hypo- or hyperthermia,
electrolyte imbalances, severe skin and lung infections are
among the causes of death in the first days of life.[1,3] The
survival rate is inversely proportional to the severity of the
disease.[4] Today, the life expectancy and quality of these
babies are extended in neonatal intensive care units, primarily with retinoid treatments.[5] Our main goals in presenting this case are to emphasize the antenatal diagnosability, avoid complications associated with the disease,
indicate the need to initiate timely and appropriate treatment to combat these complications, and emphasize that
ichthyosis is rare in twin pregnancies. Patient written consent was obtained for all the results of the mother and
baby to be used in this case report.

Case Report
A 27-year-old patient with gravida 5, para 3, and a twin
pregnancy at 33 weeks of gestation was admitted to our
University of Health Sciences Ümraniye Training and
Research Hospital emergency gynecology unit at 10:10
a.m. on 05.28.2020 with the complaint of “pain”. It was
learned that the patient had no antenatal follow-up, and
no ultrasonography was performed. Previous deliveries
were performed by normal vaginal route. In vaginal
examination, the cervix was dilated 7–8 cm, 60%
effaced, and the pouch was intact. Ultrasound scan
revealed that fetus 1 was positioned head-first and fetus
2 anus-first. The patient, who was admitted to the delivery room, was strained simultaneously with contractions. Spontaneous vaginal delivery was performed at
10:20 a.m. within 7 minutes. The first baby was delivered head-first. The premature baby had an appearance,
pulse, grimace, activity, and respiration (Apgar) score of
4–5; sex was female, and her weight was 1430 g. She did
not cry immediately at birth and spontaneous breathing
did not occur. Physical examination revealed adherent
vernix on the baby’s face, ears, and neck and a large skin
thickening with a common collodion-like coating over
the whole body. This thickening was split into deep fissures, and skin peeling (Fig. 1). A typical appearance
resembling a clown smile on the face (Fig. 2), erosion on
the nasal cartilage, nasal hypoplasia, and open-mouth
findings were present. Hyperkeratosis pattern,
hypoplastic ear, contracture and deformation findings in
the fingers and toes, and rudimentary appearance in the
urogenital region were observed. With these findings,

the patient was diagnosed with Harlequin-type
ichthyosis and was intubated in the delivery room. The
second baby was delivered foot-first at 10:23 a.m.
APGAR score was 4–6; sex was male; weight was 1620 g.
No congenital anomaly was found in the 2nd baby (as
observed in the 1st baby). Both babies were taken to the
neonatal intensive care unit.
During the period of hospitalization in the intensive
care unit, the baby with HI was started on intravenous
fluid prevent dehydration and fed with parenteral nutrition. The baby was wrapped in sterile covers to avoid
infection. The skin was dressed with moisturizers and
antibiotic ointments, and debridement was performed.
However, the first baby whose general condition worsened despite the treatments died from sepsis and respiratory failure 2 days after birth. In the puerperal examination of the mother, her general condition was good,
vitals stable, and uterus contracted. Further, the
endometrial cavity was observed as regular in the control
ultrasonographic examination. In her vaginal examination, no episiotomy or dehiscence was observed. Lochia
rubra was natural in appearance. The follow-up of the
mother was resumed in the service, and the care process
continued. Postpartum discharge training was given by
doctors and midwives 24 hours after birth. Gynecological
emergencies were explained, and the mother was discharged. The study’s registration / ethics committee
approval was unnecessary due to the nature of the study.

Discussion
Harlequin-type ichthyosis, also known as congenital
ichthyosis or keratosis diffusa fetalis, is a very rare genetic disorder that develops as a result of a mutation of the
gene ABCA12, which causes defect in the lipid transport,
and results in the thickening of keratin layer of the skin
(hyperkeratosis A).[1] The first Harlequin case was reported in 1750, and it started to be diagnosed antenatally in
1983.[6,7] Approximately 200 cases have been reported
worldwide.[8] The pattern of autosomal recessive inheritance indicating the role of kinship among parents is a
contributing factor. Perinatal diagnosis is important for
the early diagnosis of the disease. Among the sonographic findings used in the prenatal diagnosis of Harlequin
ichthyosis, there are severe deformity of the eyelids and
protrusion of the conjunctiva, excessive edema in the
extremities, IUGR, polyhydramnios, cracks and clefts in
the skin, short fingers, flat nose, constantly open mouth,
undeveloped flat outer ears. However, in our case, sonographic imaging could not be obtained because there was
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Fig. 1. Physical examination revealed adherent vernix on the baby’s face, ears, and neck and a large skin thickening with a
common collodion-like coating over the whole body. This
thickening was split into deep fissures, and skin peeling.

Fig. 2. A typical appearance resembling a clown smile on the face,
erosion on the nasal cartilage, nasal hypoplasia, and openmouth findings were present.

no antenatal follow-up.[7] Chorionic villus sampling or
amniocentesis (fetal DNA) is recommended for suspected cases during examinations and also for women with
previously affected babies. Skin biopsy is not currently
recommended for prenatal diagnosis.[9] In addition, it is
important to ask for a detailed description of family history, kinship among parents, information about previous
pregnancies, and whether other children have any inherent dermatological conditions. Our case could not be
evaluated in terms of diagnosis in the perinatal period
because she was a Syrian pregnant woman without follow-up and without any antenatal screening. The diagnosis was made by the characteristic rough physical appearance of the baby after birth. Babies with HI are usually
born prematurely. This means that the prematurity complications will also tend to evolve. Patients with HI
should be followed up in fully equipped intensive care
units with a multidisciplinary approach. Moisturizing the
skin frequently in order to prevent fluid loss, using incubators with humidity adjustments, compliance with
hygiene standards, appropriate fluid treatment, maintaining heat balance, and protection from infection are the

main factors to be considered in the treatment. The skin
needs softening due to its structure. Because of the high
loss of water that occurs in the cases of this disease, dryness causes the skin to stretch and harden like an armor.
Mucosal surface and visceral organs are usually preserved.[10] In the present case, the baby affected by the disease was born prematurely and had typical HI symptoms.
HI mortality rate is 75%,[4] and most babies die in the first
days of life due to secondary complications such as severe
fluid loss, deterioration in heat balance, infection, and
dehydration.[11] In the present case, the baby died due to
similar reasons. Cases of ichthyosis developing in twin
pregnancies are rarely encountered in the literature, and
it is rarely seen that one baby is healthy while the other
has ichthyosis. Very few cases have been reported with a
similar result to our case.[12] However, the chances of survival of fetuses with this condition are known to be related to the type of mutation. Babies with compound heterozygous mutations survive more than those with
homozygous mutations.[11,13] Postpartum treatments and
care improve the prognosis of the disease. In our case, the
pathological examination of the baby could not be per-
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formed as we could not obtain the parents’ consent. With
supportive care, the quality of life of babies improves, and
the survival rate rises >50%. In addition to routine care
such as controlling the vital signs, babies with HI must be
kept in a warm and humid incubator, and their hydration
must be maintained. Parents could be informed about the
possible damages of consanguineous marriages through
genetic counseling. It also enables early prenatal evaluation and diagnosis. Families may be offered the option of
termination. In terms of reducing the problems and
maintaining the quality of care, it is important that physicians and midwives who work in primary care provide
necessary pre-marital counseling to families.[14,15] In our
case, the fact that the patient was not followed up and did
not benefit from any counseling service supports the
results of this case.

Conclusion
Prenatal diagnosis is very important in genetically transmitted fatal diseases. Diagnosis of HI in the prenatal period is easy with ultrasonographic examination and
ABCA12 gene mutation screening. Thus, the termination
option will be possible. Genetic counseling is very important for families with consanguineous marriages who give
a history of infants with HI for this serious disease that
cannot be prevented and has no definitive treatment.
Funding: This work did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sectors.
Compliance with Ethical Standards: The authors stated
that the standards regarding research and publication ethics,
the Personal Data Protection Law and the copyright regulations applicable to intellectual and artistic works are complied with and there is no conflict of interest.
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Abstract

Özet: HELLP sendromunu taklit eden gebelik
baﬂlang›çl› konjenital trombotik trombositopenik
purpura (Upshaw-Schulman sendromu): Olgu sunumu

Objective: Thrombotic thrombocytopenic purpura is a thrombotic microangiopathic condition characterized by hemolytic anemia,
thrombocytopenia, neurologic abnormalities, fever and renal dysfunction. Thrombotic microangiopathies such as preeclampsia and
HELLP syndrome are pregnancy-specific, whereas others such as
thrombotic thrombocytopenic purpura (TTP) and hemolytic uremic syndrome are not. In this report, we present a case at which we
identified a novel mutation which led to a significant reduction of
ADAMTS13 activity.

Amaç: Trombotik trombositopenik purpura; hemolitik anemi,
trombositopeni, nörolojik anomaliler, ateﬂ ve renal disfonksiyon
ile karakterize trombotik mikroanjiyopatik bir hastal›kt›r. Preeklampsi ve HELLP sendromu gibi trombotik mikroanjiyopatiler
gebeli¤e özgüyken, trombotik trombositopenik purpura (TTP) ve
hemolitik üremik sendrom gibi di¤er mikroanjiyopatiler gebeli¤e
özgü de¤ildir. Bu raporda, ADAMTS13 aktivitesinde önemli bir
azalmaya yol açan yeni bir mutasyon tespit etti¤imiz olgumuzu sunuyoruz.

Case: A nulliparous pregnant woman of 32-year-old presenting with
epigastric pain, hypertension and low platelet count was first suspected of HELLP syndrome, but was diagnosed with congenital
TTP after delivery.

Olgu: Epigastrik a¤r›, hipertansiyon ve düﬂük platelet say›s›yla
baﬂvuran 32 yaﬂ›ndaki nullipar gebede önce HELLP sendromundan ﬂüphelenildi, fakat olguya do¤um sonras›nda konjenital TTP
tan›s› ald›.

Conclusion: HELLP syndrome co-existed with undiagnosed TTP
in this case. We strive to have sufficient awareness in order to distinguish these two pathologies from each other on an antenatal
basis, because the causes of the managements are entirely different.

Sonuç: Bu olguda tan› almam›ﬂ TTP’nin yan› s›ra HELLP sendromu mevcuttu. ‹ki patolojiyi antenatal bir temelde birbirinden ay›rt
edebilmek için yeterli fark›ndal›¤a sahip olmaya çal›ﬂmaktay›z, çünkü iki patolojinin yönetim nedenleri birbirinden tamamen farkl›d›r.

Keywords: ADAMTS13 activity, congenital thrombotic thrombocytopenic purpura, HELLP syndrome, outcome, plasmapheresis,
pregnancy.

Anahtar sözcükler: ADAMTS13 aktivitesi, konjenital trombotik
trombositopenik purpura, HELLP sendromu, sonuç, plazmaferez,
gebelik.

Introduction
Congenital thrombotic thrombocytopenic purpura
(TTP) also known as Upshaw-Schulman syndrome (USS)
is an ADAMTS13 deficiency (disintegrin-like and met-

alloproteinase with thrombospondin patterns type 1-13)
activity due to genetic mutations. Impaired activity of
this enzyme causes accumulation of ultralarge von
Willebrand factor in the circulation. This molecule
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binds the platelets and leads to the microvascular thrombus that results in organ failure, thrombocytopenia,
hemolytic anemia, or death when left untreated.[1]
Thrombotic microangiopathies such as preeclampsia
and HELLP (hemolysis, elevated liver enzymes, low
platelet count) syndrome are pregnancy specific, whereas others such as TTP and hemolytic uremic syndrome
(HUS) are not.[2] It can be extremely difficult to differentiate these pathologies from each other due to overlap in
clinical and laboratory manifestations especially in late
second or third trimester of pregnancy. Hereby we presented a case of pregnancy-onset TTP that misdiagnosed and managed as HELLP syndrome.

Case Report
At the 28th gestational week, a 32-year-old nulliparous
pregnant woman was admitted to our clinic following
epigastric pain that lasts for a week. There was not any
pathologic condition in her medical history, there was a
missed abortion in her obstetric history. Physical examination revealed blood pressure of 150/90 mmHg.
Ultrasound confirmed positive fetal heart activity, but
abdominal circumferences and estimated of fetal weight
were at 3.2% and 4.8% percentile, respectively. Umbilical
artery Doppler measurement revealed absent end diastolic flow. Laboratory tests showed hemoglobin 9.3
g/dL, platelets count (PLT) 11,103/μL, LDH 1298
IU/LIU/mL, SGOT 75 IU/L, SGPT 75 IU/L, serum
creatinine 1.57 mg/dL and spot urine protein/creatinine
rate 2.09.
She received one pool of platelets and one packed of
apheresis platelets. Betamethasone applied for fetal lung
maturation prophylaxis and magnesium sulphate applied
for maternal eclampsia prophylaxis. Due to persistency of
high blood pressure and epigastric pain we rushed to
cesarean delivery with diagnosis of HELLP syndrome
after checking the new platelet count (51,103/μL). A 810
gram live baby was delivered. At the first postpartum day,
PLT increased to 118,103/μL along with improvement
of liver enzyme levels and LDH level. At the fourth postpartum day, PLT dropped back to 25,103/μL and LDH
increased to 1270 IU/L. Peripheral blood smear revealed
3–4% schistocytes.
The patient was consulted to hematology department. Since TTP was strongly suspected, a blood sample was taken to analyze ADAMTS13 activity, and
plasmapheresis protocol was started at the dosage of 40

ml/kg. ADAMTS-13 activity results became available at
the 9th postpartum day. ADAMTS-13 activity levels
were found to be very low (0.02 IU/ml, standard range
0.4–1.3 IU/ml). ADAMTS-13 antibody levels were
found to be negative (5.11 U/ml, negative result <12
U/ml). ADAMTS-13 mutation analysis has been performed to reveal the exact nature of this type of TTP.
We have applied the usage of Clinical Exome
Solution V2 kit (Sophia Genetics SA, Saint-Sulpice,
Switzerland) for proper exome enrichment, along with
all of the procedures being carried out in accordance with
the manufacturer’s protocols. The nature and mechanics
of this target enrichment kit is known to cover 4490
genes, which are known to be the cause of a myriad of
genetic based diseases and syndromes. Paired-end
sequencing was performed on a NextSeq 500 system
(Illumina, San Diego, CA, USA) with a read length of
150 bp, while the base calling and image analysis were
conducted using real-time analysis (integrated to the
NextSeq 500 system; Illumina) software. The BCL (base
calls) binary is converted into FASTQ utilizing the
Illumina package bcl2fastq. All bioinformatics analyses
were performed on a Sophia DDMTM platform (Sophia
Genetics SA). Alignment of reads to hg19, variant and
copy number variation calling and annotation were carried out by algorithms MokaTM, PepperTM and
MuskatTM (Sophia Genetics SA). Variants obtained
were then investigated thoroughly by using population
frequency databases (1000G, ESP, ExAC, gnomAD),
bioinformatics tools that assess the impact of the variant on
the protein (SIFT, PolyPhen, MutationTaster, PhyloP)
and clinical databases (OMIM, ClinVar). Novel variants
(c.302_303del and c.1013 A>G) in the ADAMTS13 gene
were detected in the proband. After 9 sessions PLT
raised to 282,103/μL. The patient was kept for 15 day in
the hematology clinic, then discharged in good condition
on the 25th day of postpartum.

Discussion
Preeclampsia refers to the new onset of hypertension
and proteinuria or the new onset of hypertension and
significant end-organ dysfunction with or without proteinuria after 20 weeks of gestation or postpartum in a
previously normotensive woman. The diagnosis of
preeclampsia with severe features (formerly severe
preeclampsia) is made in the subset of women with
preeclampsia who have severe hypertension and/or
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specific signs or symptoms of significant end-organ
dysfunction that signify the severe end of the
preeclampsia spectrum. HELLP syndrome probably
represents a type of preeclampsia with severe features
in which hemolysis, elevated liver enzymes, and thrombocytopenia are the predominant features rather than
hypertension or central nervous system or renal dysfunction, although the latter do occur. The majority of
patients, but not all, have hypertension (82 to 88 percent) and/or proteinuria (86 to 100 percent).[3] TTP is
a life-threatening multisystem disease characterized by
microangiopathic hemolytic anemia, thrombocytopenia, neurologic abnormalities, fever, and renal dysfunction. The incidence of TTP-related severe
ADAMTS13 deficiency is at least 1:198,000 pregnancies.[4] This rate is reported previously higher because
included either HUS and TTP with no documentation
of ADAMTS13.[4–6]
When first TTP boot occurs in pregnancy, it is not
always possible considered in differential diagnosis as
in our case and similarly other cases.[7,8] However, pregnancy is a condition in 17 percent of women of childbearing age with TTP, and most of these women experience their first TTP episode during the second
trimester of pregnancy or postpartum period.[2,4,9]
HELLP syndrome is complicating pregnancies,
approximately 200 times more than TTP. The association of HELLP syndrome with TTP is complex and
can present in different forms. HELLP syndrome coexisted with undiagnosed TTP in this case.
Concurrent existence rate was reported in about 17%
with higher mortality rate when compared with cases
with pure TTP, probably cause of delaying in diagnosis or in the initiation of plasmapheresis.[10] To distinguish TTP from HELLP syndrome has critical importance because its managements are completely different. Although plasmapheresis is the optimal treatment
for TTP, it is a definitive treatment for HELLP syndrome. The condition will continue to deteriorate in
TTP unless plasmapheresis is started even the patient
was delivered as we experienced in this case.
Failure to respond to high-dose corticosteroids and
need to more intensive immunosuppressive treatment
with other drugs can be clues for differentiating. A significant degree of severe thrombocytopenia and elevated levels of AST and LDH, which are atypic for
HELLP syndrome, can be another symptom of TTP.

272

Perinatal Journal

In the presence of these clues, initiating emergent
plasmapheresis might be a life-saving factor while
ADAMTS13 confirmation is awaited.[7,11] Stillbirth rate
was reported very high (%60) closely related to gestational week or trimester during which the TTP
episode occurs. In the USS patients, subsequent pregnancies led with no prophylaxis were associated with a
66% abortion rate and a 100% risk for TTP relapse.[4]

Conclusion
In conclusion, we studied with multidisciplinary (obstetrics, hematology, genetics) approach, and identified a
novel mutation which led to a significant reduction of
ADAMTS13 activity. By demonstrating the diagnosis of
congenital TTP via genetic analysis, we will be able to
planning and applying plasmapheresis in case of relapse
regarding the subsequent pregnancy of the patient. So,
we will be able to reach delivery at term with a much better perinatal outcome. Clinicians should be expected to
assess and determine the ADAMTS13 activity in the setting of HELLP syndrome, even in retrospective circumstances, as these assessments may elucidate proper diagnosis, allow the prevention of maternal morbidity/mortality and thus resulting to successful childbirth.
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Letter to the Editor: COVID-19 vaccine during
pregnancy: it is time to have a fair inclusion of
pregnant women in clinical trials
Elisabetta Gragnano

İD

, Gennaro Esposito İD , Bernadette Ilardi
Paolo Verrazzo İD , Gabriele Saccone İD

İD

, Maddalena Turco

İD

,

University of Naples Federico II, Naples, Italy

Dear Editor,
Currently, there is an ongoing debate on COVID-19
vaccines in pregnancy. A Practice Advisory was developed by the American College of Obstetricians and
Gynecologists (ACOG) Immunization, Infectious
Disease, and Public Health Preparedness Expert Work
Group.[1] Based on this advisory, ACOG recommended
that COVID-19 vaccines should not be withheld from
pregnant individuals who meet criteria for vaccination
based on the Advisory Committee on Immunization
Practices (ACIP) recommended priority groups.

of the Moderna mRNA-1273 vaccine against COVID19[3] where stated, on January 26, 2021 that ‘Based on
what we know about this kind of vaccine, we don’t have
any specific reason to believe there will be specific risks
that would outweigh the benefits of vaccination for
pregnant women. For this reason, those pregnant
women at high risk of exposure to SARS-CoV-2 (e.g.
health workers) or who have comorbidities which add to
their risk of severe disease, may be vaccinated in consultation with their health care provider.’[3]

ACOG also stated that COVID-19 vaccines should
be offered to lactating patients similar to non-lactating
ones. Instead, before the recommendation stated by
ACOG, the World Health Organization (WHO)
admitted that while pregnancy puts women at higher
risk of severe COVID-19, very little data are available to
assess vaccine safety in pregnancy.

The development of drugs and vaccine is a slow
process, and all the phases involved in their development
are necessary to test for safety and efficacy in different
subgroups of population. Unfortunately, pregnant
women are often underrepresented in clinical research
and excluded from trials solely for their pregnancy status. In fact, pregnant women have been excluded from
all trials on COVID-19 vaccine.[4]

On January 8 2021, the WHO’s Strategic Advisory
Group of Experts on Immunization (SAGE) has issued
its policy recommendations for the rollout of the first
COVID-19 vaccine approved for emergency use, the
Pfizer-BioNTech COVID-19 vaccine.[2] In this recommendations the SAGE stated clearly that, due to insufficient data, ‘WHO does not recommend the vaccination
of pregnant women at this time’.[2] Surprisingly, the
same group published Interim recommendations for use

Conflicting recommendations are confusing for
both health care providers and for pregnant women
and may also incite conspiration and no vax theories. In
our opinion, therefore, first, evidence-based data are
needed, such as urgent call for pregnant women to be
included in appropriately designed vaccine trials and
clinical studies. Moreover, we recommend to all societies to be consistent in recommendations and publish
joint advisories.
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