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Assessment of maternal and perinatal outcomes in
pregnant women with isolated proteinuria

Melda Kuyucu1, Sevcan Arzu Ar›nkan1, Dilflad Herkilo¤lu1, Murat Muhcu2

1Zeynep Kamil Maternity and Pediatrics Training and Research Hospital, Istanbul, Turkey  
2Gynecology and Obstetrics Clinic, GATA Haydarpafla Training and Research Hospital, ‹stanbul, Turkey

Özet: ‹zole proteinürili gebelerde maternal ve 
perinatal sonuçlar›n de¤erlendirilmesi
Amaç: Çal›flmada, izole proteinüri saptanan gebelerin maternal ve
perinatal sonuçlar›, preeklampsiye ilerleme oranlar›, risk faktörleri
aras›ndaki iliflkinin saptanmas› amaçlanm›flt›r. 
Yöntem: Çal›flmaya, Aral›k 2013 – Aral›k 2014 y›llar› aras›nda
hastanemize rutin antenatal takip amac›yla baflvurmufl olan, 24–34
gebelik haftas›ndaki, çal›flma kriterlerine uygun 57 gebe dahil edil-
di. Proteinürisi olup kan bas›nc› yüksekli¤i olmayan hastalar izole
gestasyonel proteinüri (‹GP) grubu olarak adland›r›ld›. Hastalar›n
antenatal takiplerinde yeni bafllang›çl› kan bas›nc› yüksekli¤i olup
preeklampsi geliflen grup ise proteinüri bafllang›çl› preeklampsi (P-
PE) grubu olarak tan›mland›. 
Bulgular: Toplam 57 gebe kad›n›n 15’inde (%26) ilerleyen gebe-
lik haftalar›nda preeklampsi geliflti. ‹ki grupta gebelik öncesi be-
den kitle indeksi de¤erleri aras›nda anlaml› farkl›l›k saptanmad›
(p>0.05). Proteinüri miktar› ve proteinüri bafllang›ç haftas› aras›n-
da her iki grupta anlaml› farkl›l›k saptanmazken, P-PE grubunda
proteinüri bafllang›ç haftas› ve preeklampsi geliflme haftas› aras›n-
da pozitif korelasyon izlendi. Bu grupta proteinüri bafllad›ktan
sonra hastalar›n ço¤unda ortalama 3 hafta içinde preeklampsi ge-
liflti¤i saptand›. ‹ki grup aras›nda neonatal sonuçlar karfl›laflt›r›ld›.
Do¤um kilosu, yenido¤an yo¤un bak›m ünitesi gereksinimi ve ka-
l›fl süresi aras›nda anlaml› fark saptanmazken, ortalama do¤um
haftas› P-PE grubunda anlaml› olarak daha k›sa saptand›
(p<0.005). ‹GP grubunda fliddetli preeklampsinin komplikasyonla-
r›na rastlanmad›.
Sonuç: Proteinüri genellikle preeklampsinin geç bir bulgusu olma-
s›na ra¤men bazen di¤er belirtilerden önce görülebilir. ‹zole prote-
inüri saptanan gebelerin yönetiminde yak›n antenatal takip çok
önemlidir ve bu hastalar›n ilerleyen gebelik haftalar›nda preeklamp-
siye ilerleyebilece¤i ak›lda tutulmal›d›r. Bizim yapt›¤›m›z çal›flma da
gebelerdeki izole proteinürinin özellikle proteinüri bafllang›çl› pre-
eklampsi ile hem risk faktörleri hem de perinatal sonuçlar aç›s›ndan
benzer oldu¤unu göstermifltir. 

Anahtar sözcükler: ‹zole proteinüri, preeklampsi, maternal, peri-
natal sonuçlar.
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Abstract

Objective: In the study, we aimed to identify the relationship
between maternal and perinatal outcomes of pregnant women found
to have isolated proteinuria, rates for progress towards preeclampsia
and risk factors. 
Methods: A total of 57 pregnant women who were at 24–34 weeks of
gestation and admitted to our hospital for routine antenatal follow-up
between December 2013 and December 2014 were included in our
study. The patients with proteinuria but without elevated blood pres-
sure were called as isolated gestational proteinuria (IGP) group. The
patients were found to have new-onset elevated blood pressure during
their antenatal follow-ups and the patients developing preeclampsia
were defined as proteinuric pre-eclampsia (P-PE) group. 
Results: Preeclampsia developed in the advanced weeks of gestation
in 15 (26%) of 57 pregnant women. There was no significant differ-
ence between the body mass index values of both groups before preg-
nancy (p>0.05). While no significant difference between proteinuria
amount and onset week of proteinuria was observed in both groups,
there was a positive correlation in P-PE group between onset week
of proteinuria and development week of preeclampsia. It was found
that preeclampsia developed in most of the patients in this group
within about 3 weeks after proteinuria developed. The neonatal out-
comes of both groups were compared. While no significant differ-
ence was observed between birth weight, need for newborn intensive
care unit and hospitalization period, mean week of delivery was sig-
nificantly shorter in P-PE group (p<0.005). The complications of
severe preeclampsia were not observed in IGP group. 
Conclusion: Although proteinuria is usually a late sign of preeclamp-
sia, it may sometimes develop before other signs. Close antenatal fol-
low-up is very significant in the management of pregnant women
found to have isolated proteinuria and it should be kept in mind that
such patients may develop preeclampsia during further weeks of ges-
tation. In our study, we found that isolated proteinuria in pregnant
women is similar with proteinuric pre-eclampsia in particular in
terms of both risk factors and perinatal outcomes. 

Keywords: Isolated proteinuria, preeclampsia, maternal, perinatal
outcomes.



Introduction
Preeclampsia (PE) is a multisystemic syndrome associat-
ed with increased maternal and perinatal morbidity and
mortality affecting cardiovascular, hepatic and renal sys-
tems.[1–4] It is estimated that its prevalence is approxi-
mately 4.6% (2.7–8.2%) worldwide.[5] 10–15% of mater-
nal deaths from obstetric complications are associated
with preeclampsia/eclampsia.[1]

Preeclampsia is the condition defined as the comor-
bidity of proteinuria or damage of target organ with new-
onset hypertension after 20 weeks of gestation in a
woman with the history of normotension. The severity of
proteinuria is not proportional to the severity of PE.
Therefore, the amount of proteinuria should not be con-
sidered as a guide in PE management.[6–8] Proteinuria does
not exist in 10% of women with clinical finding and no
significant amount of proteinuria was found in the urine
of 20% of women, who were established with eclampsia
diagnosis, during the week before seizure.[9,10] Proteinuria
amount increases at third trimester independent from PE
diagnosis. Dipstick urinalysis has low sensitivity (varying
from 22% up to 86%) to determine significant amount of
proteinuria in particular. 24-hour urinalysis in pregnant
women found to have 1+ and more proteinuria by dipstick
test is a golden standard to determine proteinuria amount.

Although proteinuria is usually a late clinical sign of
preeclampsia, it may develop in some women without
blood pressure elevation and this is called as isolated ges-
tational proteinuria (IGP). It is unknown if IGP is a part
of preeclampsia’s disease spectrum. Soluble FMS-like
tyrosine kinase 1 (s Flt-1) and soluble endoglin levels
which are the classical biological markers of PE increas-
es at medium level (between normal pregnancy and PE)
in pregnant women with isolated proteinuria.[11,12] The
clinical studies investigating the progress of isolated pro-
teinuria towards PE in pregnant women are limited.
However, some clinical studies showed that some of the
pregnant women diagnosed with eclampsia only had
proteinuria finding during the week before first convul-
sion.[13,14] Some clinical studies assert that isolated pro-
teinuria in pregnant women is a type of mild PE.

The relationship of isolated gestational proteinuria
with PE is not fully known. Therefore, in this study, we
aimed to investigate the rate of progress towards PE in
pregnant women with IGP, to compare maternal and
perinatal outcomes in groups who developed and not
developed PE and to reveal the relationship among risk
factors in both groups.

Methods
We included 57 pregnant women in this retrospective
study at their 24–34 weeks of gestation who admitted
to the follow-up clinic of our hospital between
December 2013 and December 2014 for routine ante-
natal follow-up. Those with previous history of renal
and autoimmune diseases, pregnant women with
chronic hypertension (HT), pregestational diabetes
mellitus and urinary system infection and intrauterine
fetal death, and multiple pregnancies were excluded
from the study. The approval of local ethic committee
of Zeynep Kamil Hospital was obtained for the study.

For routine antenatal follow-up, blood pressure
measurement, full urinalysis and body weight measure-
ment were performed. Systolic blood pressure (BP)
being 140 mmHg and above and/or diastolic BP being
90 mmHg and above was defined as HT. Patients who
were found to have 1+ and more protein without ery-
throcyte and leucocyte in the spot urine sample collect-
ed randomly, not found any proteinuria finding in pre-
vious urinalyses and who were normotensive (systolic
BP <140 mmHg and diastolic BP <90 mmHg) were
asked to collect 24-hour urine sample. Presence of pro-
tein more than 300 mg/day but lack of elevated BP in
24-hour urine was defined as isolated gestational pro-
teinuria (IGP). These patients who had new-onset ele-
vated BP during their regular antenatal follow-ups and
developed PE were determined as P-PE (proteinuric
pre-eclampsia) group. Both patient groups (IGP and P-
PE) were called for polyclinic visit at least once a week
after proteinuria was detected, and full blood count and
routine biochemistry analysis were done during each
antenatal examination. On this basis, the week that pro-
teinuria started and additionally the week that BP elevat-
ed in the group developed PE was recorded.  

Statistical method

The lowest and highest values of mean, standard devi-
ation and median, and frequency and rates were used in
the descriptive statistics of the data. The distribution of
variables was measured by Kolmogorov Smirnov test.
Independent sample t-test and Mann-Whitney U test
were used in the analysis of quantitative data. Chi-
square test was used in the analysis of qualitative data;
when chi-square could not meet the conditions,
Fisher’s test was used. Spearman correlation analysis
was used for correlation analysis. The results were ana-
lyzed by SPSS 22.0 (SPSS Inc., Chicago, IL, USA).
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Results
Hypertension was observed in advanced weeks of ges-
tation in 26% (n=15) of a total of 57 pregnant women
included in the study, and this group was assigned as P-
PE group (Group 1). There was no elevated BP in
remaining 42 (74%) patients, and this group was
assigned as IGP group (Group 2). Maternal demo-
graphic characteristics of both patient groups included
in the study were compared. Maternal mean age was
31.7±6.4 years in Group 1 and 28.8±5.4 years in Group
2. Body mass index (BMI) values calculated by the
heights and weights of patients before pregnancy were
over 26.1 kg/m2, which is considered as a risk factor for
PE, in both groups. No significant difference was
observed in age, parity, PE history in previous preg-
nancy and smoking habit in both groups (p>0.05).
Pregestational BMI value in Group 1 was significantly
higher than Group 2 (p<0.05). Mean protein amounts
in 24-hour urine of patients, mean onset week of pro-
teinuria for both groups and the onset week of PE
development in Group were shown in Table 1.

Onset week of proteinuria was found as 28.2±2.8 in
IGP group and mean week of gestation for the onset of
proteinuria was found as 29.1±3.3 in P-PE group
(Table 1). Mean weeks of gestation for the onset of BP
elevation was 32.8±3.8 (between the limits of 26 and 38
weeks) in Group 1. Also, it was found that PE devel-
oped after averagely 3.7 weeks following the develop-
ment of proteinuria in this group. A relation between
the onset week of proteinuria and the week that PE
developed was shown in this group.

There was mildly positive correlation between onset
week of proteinuria and preeclampsia week (p=0.033,
r=0.552). In the laboratory tests of the patients, AST,
ALT, LDH, uric acid, creatinine and thrombocyte val-
ues of both groups were compared but no significant dif-
ference was observed between two groups for thrombo-

cyte, creatinine, AST, ALT, LDH and uric acid (p>0.05)
(Table 2).

The relationship between proteinuria amount in 24-
hour urine and laboratory values was evaluated in both
patient groups (Table 3). There was no correlation
between 24-hour urine amount and thrombocyte, crea-
tinine, AST, ALT values (p>0.05). Maternal complica-
tions and their outcomes were analyzed, but no mater-
nal mortality was found in both groups. Severe PE find-
ings such as pulmonary edema, renal failure (serum cre-
atinine >1.2), eclampsia and neurological findings were
not observed in both patient groups. Both groups did
not have any need for adult intense care unit.
Emergency delivery was decided due to the exacerbation
of hypertension (systolic BP ≥170 mmHg and diastolic
BP ≥110 mmHg) in 13% (n=2) of 15 patients and the
development of HELLP syndrome in 20% (n=3) of 15
patients in Group 1.

Table 1. Mean onset-week of proteinuria in both groups, PE development week in Group 1 and the comparison
of protein levels in 24-hour urine.*

Group 1 Group 2 p

Mean/SD Min/Max Mean/SD Min/Max Mean

24-hour urine (g) 2520±3777 324–12.000 1151±1188 400–5400 0.273

Proteinuria week 29.1±3.3 24–33 28.2±2.8 24–34 0.332

Preeclampsia week 32.8±3.8 26–38

*Independent sample t-test / Mann-Whitney U test / Chi-square test (Fisher’s test)

Table 2. Comparison of laboratory values.

Group 1 Group 2

Mean±SD Mean±SD p

Thrombocyte (/L) 229.6±45.1 246.7±82.4 0.814

Creatinine (mg/dl) 0.5±0.2 0.6±0.2 0.674

AST (U/L) 39±60 27.8±41.1 0.549

ALT (U/L) 34.1±50.5 26.9±48.2 0.892

LDH (U/L) 255.6±78.5 233.3±57.4 0.248

Uric acid (mg/dl) 5.9±1.3 5.2±1.5 0.126

Table 3. Relationship between proteinuria level in 24-hour urine and
laboratory values.*

Thrombocyte Creatinine AST ALT

r -0.006 0.065 0.034 0.241

p 0.963 0.633 0.800 0.071

*Spearman correlation analysis
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No significant difference was found between Group
1 and 2 in terms of the distribution of delivery type;
however, it was seen that the rate of cesarean section
was higher than the rate of normal delivery in both
groups. Mean birth weight did not show any significant
difference between two groups (p>0.05). Those with
birth weight below 2500g were 67% (n=10) of Group
1 while they were 57% (n=24) of Group 2. Mean deliv-
ery week was found to be 34.6±3.1 weeks in Group 1
and 36.5±2.8 weeks in Group 2, and the delivery week
in Group 1 was significantly lower than Group 2
(p<0.05). While 9 (60%) of 15 patients in Group 1 had
premature delivery before 37 weeks, 20 (48%) of 42
patients in Group 2 had premature delivery before 37
weeks. 1-minute and 5-minute Apgar scores in Group
1 & 2, the rate of newborns with 5-minute Apgar score
below 7, and perinatal mortality rate did not show any
significant difference (p>0.05) (Table 4).

There was no significant difference between RDS
rates and mechanical ventilator need during hospital-

ization in neonatal intense care unit. Intraventricular
bleeding, necrotizing enterocolitis and sepsis were not
seen in both groups. Early/late neonatal mortality was
also not seen in both groups, but intrauterine fetal
death was observed only in 1 fetus in Group 1 during
the follow-up. There was no significant correlation
between the onset week of proteinuria and delivery
week (rs=-0.010; p=0.939).

Discussion
In 2013, American College of Obstetrics and
Gynecology (ACOG) defined new criteria for
preeclampsia diagnosis and removed proteinuria from
the essential criteria for PE. The presence of severe
proteinuria (5 g/day) was also not included to severe
PE criteria. Yet, most of women with PE are diagnosed
with the presence of proteinuria. Therefore, screening
for proteinuria during pregnancy is important. In a
healthy woman who did not have any known disease

Table 4. Comparison of neonatal results.*

Group 1 Group 2

n % n % p

Delivery CS 13 87 30 71 0.249

NSD 2 13 12 29

Sex Male 10 67 24 57 0.524

Female 5 33 18 43

Fetus weight (g) 2395±1068 2557±963 0.544

Week 34.6±3.1 36.5±2.8 0.043

NICU  Available 7 47 15 36 0.454
N/A  8 53 27 64

Period (week) 30.7±20.8 33.0±28.7 0.921

MV  Available 5 33 10 24 0.823

N/A  2 13 5 12

RDS Available  3 20 5 12 0.674

N/A  4 27 10 24

Phototherapy Available  6 40 7 17 0.083

N/A  1 7 8 19

Apgar 1 5.9±2.7 6.8±2 0.364

Apgar 5 7.4±2.5 8.2±1.7 0.249

5-minute <7  Available  9 60 33 79 0.161

N/A  6 40 9 21

Mortality  Available  1 7 0 0 0.268

N/A  14 93 42 100

*Mann-Whitney U test / Chi-square test (Fisher’s test). CS: Cesarean, MV: Mechanical ventilator, NICU: Neonatal intense care unit,
NSD: Normal spontaneous delivery, RDS: Respiratory distress syndrome



previously, the pathogenesis of isolated proteinuria
started after 20 weeks of gestation could not be fully
clarified. It is controversial that if isolated proteinuria
in pregnant women is a part of PE disease spectrum or
the result of physiological renal changes during preg-
nancy. It is known that proteinuria exacerbated during
pregnancy associated with a known renal disease is
related with increased poor obstetric outcomes. Yet,
obstetric outcomes of isolated gestational proteinuria
are not known well. Today, there is no prospective
study defining the risk of progress towards PE in fur-
ther weeks of gestation in pregnant women with isolat-
ed proteinuria and the current retrospective studies are
limited.

This was first added into the literature in 2008 and
Morikawa et al. found that HT developed in further
weeks of gestation in 19 (51%) of 37 women who
developed proteinuria in the absence of hyperten-
sion.[15] Mean onset week of proteinuria in these 37
patients was found as 32.8±4.8 weeks, HT developed at
a mean week of 33±4.7 in 19 (51%) of them and they
were diagnosed P-PE. Onset weeks of proteinuria and
PE weeks of pregnant women diagnosed with isolated
proteinuria were found to be associated. The mean
period between proteinuria and PE development in P-
PE group is 2.1±1.7 weeks. However, no significant
difference was found between the onset week of pro-
teinuria and the period up to delivery. In P-PE group,
mean weeks of gestation were found as 35.1±4.1 weeks,
and 57.9% of them had premature delivery before 37
weeks of gestation while 26.3% of them had premature
delivery before 33 weeks of gestation. Mean weeks of
gestation in IGP group was found as 38.3±1.4 weeks.[15]

In the case-controlled study of Holston et al. in
2009 investigating obstetric outcomes of gestational
proteinuria and the changes of angiogenic factors in
serum, they found that poor obstetric outcomes are
rare and angiogenic factor levels in serum are similar
with PE, and they supported the hypothesis that IGP is
a variant of mild PE.[11]

Macdonald-Wallis et al. found in their study that
the risk factors defined for PE are associated with pro-
teinuria developing during normal term pregnancy.[16]

In their studies performed on 11,651 cases, they found
an increased relationship between any type of protein-
uria during pregnancy and the presence of increased
pregestational BMI, young age, nulliparity and twin
pregnancy. They revealed that there is a negative rela-

tionship between smoking and proteinuria. As a result,
they identified that the PE risk factors defined were
associated with the development of proteinuria in
healthy term pregnant women, and they supported the
hypothesis that IGP may be an early finding of PE.

In 2011, Yamada et al. published two case reports
and stated that isolated gestational proteinuria may be
the initial sign of severe PE.[17] They remarked that one
of two cases, who were normotensive and had protein
amount more than 300 mg/day in 24-hour urine,
developed ablatio placentae and other patient devel-
oped posterior reversible encephalopathy, and they
stated that isolated gestational proteinuria might be
associated with poor outcomes as a result.[17]

The last study in the literature performed on this
matter was published in 2015. In their retrospective
cohort study, Shinar et al. found that PE developed in
21% (n=21) of a total of 99 women who were estab-
lished with proteinuria diagnosis in a 5-year period
between 2009 and 2014. They highlighted that preg-
nant women with IGH who are particularly primara
and have high level of proteinuria had increased risk
for PE and therefore they should be followed up close-
ly until postpartum period. 

In our study, PE developed in further weeks of ges-
tation in 26% (n=15) of 57 pregnant women with iso-
lated proteinuria. This is a significant rate if it is con-
sidered that proteinuria is a late clinical finding of PE.
PE may occur only with proteinuria in women with no
symptom and BP elevation. In our study, we also found
the onset week of proteinuria similar in both groups.

In this study, we aimed to determine if these risk
factors are similar by comparing two groups in terms of
the risk factors defined for preeclampsia. We included
singleton pregnancies which had no known chronic
disease previously. We compared two groups in terms
of particular risk factors defined for PE such as age (45-
year), parity, pregestational BMI and presence of PE
history in previous pregnancy. Although there was a
significant difference between pregestational BMI val-
ues of two groups, we saw that BMI values of both
groups were above 26.1 as in the risk factors defined
for PE. We found no significant difference between
two groups in terms of maternal age, preeclampsia his-
tory in previous pregnancy, smoking and parity. Unlike
PE risk factors, we found that the rate of multipara
patients who had no PE history in previous pregnan-
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cies was higher. Also, the rate of non-smokers in both
groups was higher.

We found positive correlation between the onset
week of proteinuria and the development week of P-
PE. PE developed in 73% of the women within 3
weeks at the latest after proteinuria developed. The
sooner proteinuria starts, the earlier will PE develop
during early weeks of pregnancy. The rate of fetus with
low birth weight in early-onset PE is higher than the
one in late-onset PE.[18] Also, we found that early-onset
PE is associated with higher fetal death, perinatal death
and severe neonatal morbidity.[19,20] In pregnancies with
isolated proteinuria, it may be useful to increase the
frequency of antenatal follow-up even if there is no ele-
vated BP. Similar to the study of Yamada et al., we did
not find any positive correlation between the onset
week of proteinuria and delivery week. Similar to the
same study, we found delivery week of Group 1 signif-
icantly lower than Group 2 (p<0.05).[17] The earlier
mean delivery week finding in Group 1 may indicate
that emergency preterm labor will be required by the
exacerbation of P-PE. In pregnant women found to
have isolated proteinuria, identifying whether it will
progress towards P-PE or stay the same is significant
for the management of these patients. In addition,
absence of severe PE signs in pregnant women with
IGP may indicate that isolated proteinuria may be a
variant of mild PE and the management may be simi-
lar with those in mild PE.

Conclusion
Preeclampsia is a gestational complication associated
with increased maternal and perinatal morbidity and
mortality and it may be diagnosed only with the pres-
ence of isolated proteinuria without hypertension. It is
useful to carry out antenatal follow-ups regularly and
with frequent intervals for pregnant women found to
have IGP during early weeks of gestation as PE may
develop and cause preterm labors in the following weeks
in some of these women. In our study, we found that iso-
lated proteinuria in pregnant women is similar with pro-
teinuric pre-eclampsia in particular in terms of both risk
factors and perinatal outcomes. Studies with higher
numbers of cases are needed to confirm our findings and
to develop new follow-up and treatment methods. 

Conflicts of Interest: No conflicts declared.
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Evaluating 101 cases with the anomaly of fetal 
central nervous system
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Gynecology and Obstetrics Clinic, Tepecik Training and Research Hospital, Izmir, Turkey

Introduction
Congenital anomalies affect approximately 2–3% of live
births every year.[1] Central nervous system (CNS)
anomalies account for about one third of congenital
anomalies identified during perinatal period. CNS
anomalies are the second most common severe congen-
ital anomalies after cardiac anomalies. Therefore, inves-
tigating neurological system is a significant part of rou-

tine fetal anomaly screening today. CNS anomalies can
be considered as the part of an isolated or systemic syn-
drome. In addition, structural and chromosomal anom-
alies may concur in many cases. Also, CNS anomalies
are among the common reasons for medical attentions,
long-term diseases and deaths. CNS anomalies are the
reasons for 75% of fetal deaths and 40% of childhood
deaths.[2]

Özet: Fetal merkezi sinir sistemi anomalili 101 
olgunun de¤erlendirilmesi
Amaç: Fetal merkezi sinir sistemi anomalisi bulunan olgulara efl-
lik eden yap›sal ve kromozomal malformasyonlar› belirlemek ve bu
gebeliklerin prognozlar›n› de¤erlendirmektir. 

Yöntem: 2010–2015 tarihleri aras›nda fetal merkezi sinir sistemi
anomalisi saptanan 101 olgu retrospektif olarak incelendi. Hasta-
lar›n anne yafl›, gebelik say›s›, abortus say›s›, tan› ald›¤› gebelik haf-
tas›, ultrasonografide saptanan anomalileri, kromozom analizi so-
nuçlar› ve konsey kararlar› ile ilgili bilgiler de¤erlendirildi. 

Bulgular: Gebeliklerin %26.7’sinde sadece kraniyal anomaliler,
%51.5’inde ekstrakraniyal anomaliler ve %11.9’unda anormal kar-
yotip bulunmaktayd›. En s›k gözlenen merkezi sinir sistemi ano-
malisi ventrikülomegali (%51.5) idi. Konsey karar›na göre gebe-
liklerin %68.3’ü sonland›r›ld›. Ekstremite anomalileri en fazla gö-
rülen ekstrakraniyal anomali tipi idi (%23.8).

Sonuç: Fetal merkezi sinir sistemi anomalisi bulunan gebeliklerin
yönetimi ve prognozlar›n›n belirlenmesi için efllik eden yap›sal ve
kromozomal anomalilerin belirlenmesi gereklidir. 

Anahtar sözcükler: Fetüs, kromozomal anomali, merkezi sinir
sistemi, ventrikülomegali.

Correspondence: Atalay Ekin, MD. Gynecology and Obstetrics Clinic, Tepecik Training
and Research Hospital, Izmir, Turkey. e-mail: atalayekin@hotmail.com 
Received: August 16, 2016; Accepted: September 22, 2016
Please cite this article as: Gümüfl ‹, Ekin A, Gölbafl› C, Hürcan E, Taner CE. 
Evaluating 101 cases with the anomaly of fetal central nervous system. 
Perinatal Journal 2016;24(3):136–141.
©2016 Perinatal Medicine Foundation

Available online at:
www.perinataljournal.com/20160243003

doi:10.2399/prn.16.0243003
QR (Quick Response) Code:

Original Article

Perinatal Journal 2016;24(3):136–141

�
�

�
� �

� � � 	 
 � �
�

�
�

	

�
�

�

� �
� � � 	 
 � �

�
�

�
	

Abstract

Objective: We aimed to determine structural and chromosomal
malformations in cases with the anomaly of fetal central nervous sys-
tem and to evaluate the prognoses of these pregnancies. 

Methods: Between 2010 and 2015, 101 cases found to have the anom-
aly of fetal nervous system were investigated retrospectively.
Information such as maternal age, number of gestation, number abor-
tion, week of gestation during diagnosis, anomalies found in ultrasonog-
raphy, chromosome analysis results and council decision were evaluated. 

Results: Cranial anomalies were found only in 26.7% of pregnancies
while extracranial anomalies were found in 51.5% of them and abnor-
mal karyotype was found in 11.9% of them. The most common anom-
aly of central nervous system was ventriculomegaly (51.5%). 68.3% of
the pregnancies were terminated by council decision. Extremity anom-
alies were the most common type of extracranial anomalies (23.8%). 

Conclusion: It is necessary to determine concurrent structural and
chromosomal anomalies in order to determine prognoses and manage-
ment of pregnancies with the anomaly of fetal central nervous system. 

Keywords: Fetus, chromosomal anomaly, central nervous system,
ventriculomegaly.
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Identifying any CNS anomaly during prenatal period
is very important in terms of determining the possible
reason, prognosis and management of the anomaly.
Since mortality and morbidity rates are high in fetuses
with severe CNS malformation, it is possible to offer the
option of terminating pregnancy by informing family if
diagnosis is established before viability limit. The aim of
this study is to determine structural and chromosomal
malformations in cases with the fetal CNS anomaly and
to evaluate the prognoses of these pregnancies.

Methods
In this study, we retrospectively evaluated 101 cases
found to have fetal CNS anomaly during fetal anomaly
screening or routine obstetric ultrasonography (USG)
between January 1, 2010 and December 31, 2015 at
Gynecology and Obstetrics Clinic of Tepecik Training
and Research Hospital. Approval of ethics committee
required for the study was obtained from the Local
Ethics Committee of Tepecik Training and Research
Hospital with the number 29.07.2015/10. All cases
were evaluated basically in terms of gestational prog-
nosis and consistency of anomaly with life in the
Perinatology Council participated by the specialists
from the fields of Perinatology, gynecology and obstet-
rics, neurosurgery, pediatrics, pathology, genetics,
pediatric surgery and radiology.

Information such as maternal age, number of gesta-
tion, number abortion, week of gestation during diagno-
sis, anomalies found in ultrasonography, chromosome
analysis results and council decision were obtained from
the medical records of patients. Infection parameters of
all pregnant women were obtained since ultrasono-
graphic cranial findings associated with intrauterine
infections might develop. Patients suspected for
intrauterine infection according to the examination
results were excluded from the study.

Chorionic villus sampling, amniocentesis or cordo-
centesis was applied to entire study group for prenatal
diagnosis purposes in accordance with the week of ges-
tation. Before the procedure, each family to be done
fetal karyotyping was informed in detail about genetic
consultancy, methods of karyotyping procedure and
complications. Fetal karyotyping procedure was car-
ried out by obtaining informed consent. Chorionic vil-
lus sampling was applied to 16 cases at between 10 and
13 weeks of gestation, amniocentesis was applied to 68

cases at between 16 and 22 weeks of gestation, and cor-
docentesis was applied to 16 cases at between 20 and 28
weeks of gestation by experienced specialists.

The statistical analysis was performed by SPSS 15.0
(SPSS Inc., Chicago, IL, USA). In statistical analysis,
categorical variables were presented as number (percent-
age) and continuous variables were presented as mean ±
standard deviation in descriptive findings. In all analyses,
statistically significant level was considered as p<0.05.

Results
The clinical characteristics of study group are shown in
the Table 1. Maternal age was 28.1±6.2, gravida was
2.4±1.4, parity was 1.3±0.8, and abortion was 0.4±0.2.
Mean week of gestation that fetal CNS anomaly was
identified was 20.6±4.3. Of those, 5.9% were diagnosed
at first trimester, 89.1% were at second trimester and
5% at third trimester. Cranial anomalies were found
only in 26.7% of pregnancies with CNS anomaly while
extracranial anomalies were found in 51.5% of them and
abnormal karyotype was found in 11.9% of them. 68.3%
of the pregnancies were terminated by council decision.

Structural and chromosomal malformations con-
curring with fetal CNS anomalies are presented in
Table 2. After the evaluation, it was found that fifty-
two fetuses had ventriculomegaly, 14 fetuses had anen-
cephaly, 11 fetuses had encephalocele, 6 fetuses had
holoprosencephaly, 8 fetuses had corpus callosum age-
nesis, 1 fetus had schizencephaly, 2 fetuses had intra-
ventricular hemorrhage, 4 fetuses had cerebellar
hypoplasia, 4 fetuses had Dandy-Walker malforma-

Table 1. Clinical characteristics of the pregnant women in the study
group.*

Maternal age (mean±SD) 28.1 6.2

Gravida (mean±SD) 2.4 1.4

Parity (mean±SD) 1.3 0.8

Abortion (mean±SD) 0.4 0.2

Diagnosis week at pregnancy (mean±SD) 20.6 4.3

First trimester (mean±SD) 6 5.9

Second trimester (mean±SD) 90 89.1

Third trimester (mean±SD) 5 5

Cranial anomaly (n, %) 27 26.7

Extracranial anomaly (n, %) 52 51.5

Abnormal karyotype (n, %) 12 11.9

Gestational termination (n, %) 69 68.3

*The data are presented as mean (mean) ± standard deviation (SD), or n (%).
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tion, 3 fetuses had vermian agenesis, 2 fetuses had
Blake’s pouch cyst, 5 fetuses had mega cisterna magna,
2 fetuses had microcephaly, 3 fetuses had arachnoid
cyst, 2 fetuses had cerebral cyst and 12 fetuses had
choroid plexus cyst.

Concurrent extracranial anomalies are shown in
Table 3. Extremity anomalies were the most common
extracranial anomalies. Chromosomal anomaly was
found in 12 cases. Of those, 8 patients had trisomy 18,
2 patients had trisomy 13, 1 patient had trisomy 22 and
1 patient 69XXX syndrome. Concurring cranial and
extracranial anomalies in fetuses with chromosomal
anomaly are shown in Table 4. While spinal defect was
identified only in one case with chromosomal anomaly,
multiple fetal anomalies developed in many systems
were observed in other 11 cases. It was decided to ter-
minate all these fetuses.

Discussion
Fetal CNS anomalies are severe pathologies seen in
1.4–1.6 of 1000 live births and accompanied with high
morbidity.[3] In this study, we evaluated structural and

chromosomal malformations in fetuses with CNS
anomaly in a single center.

In a study performed between 2009 and 2011, 7485
pregnant women at over 10 weeks of gestation were
examined by USG and malformations belonging to
CNS were identified in 24 pregnant week. Mean diag-
nosis week is 23.4. Considering the distribution of
diagnosis weeks to trimesters, it is seen that 1 case was

Table 2. Perinatal outcomes of fetal CNS anomalies.

Anomaly n Maternal  Week of  Extracranial  Abnormal  Gestational  
age gestation anomaly karyotype termination

(mean±SD) (mean±SD) n (%) n (%) n (%)

Ventriculomegaly 52 28.3±5.9 21.6±3.5 13 (25) 4 (7.7) 29 (55.8)

Mild 28 29.3±5.4 22.1±3.1 19 (67.9) 3 (10.7) 11 (39.3)

Moderate 8 28.7±6.1 21.7±3.8 5 (62.5) 0 (0) 5 (62.5)

Severe 16 27±4.8 22±2.6 14 (87.5) 1 (6.2) 13 (81.2)

Anencephaly 14 26.2±3.9 16.9±3.7 2 (14.3) 0 (0) 14 (100)

Encephalocele 11 29.1±4.6 17.5±4.6 4 (36.4) 1 (9.1) 11 (100)

Holoprosencephaly 6 29.5±3.7 20.5±4 6 (100) 3 (50) 6 (100)

Corpus callosum agenesis 8 26.6±5.1 24.7±4.5 3 (37.5) 1 (12.5) 6 (75)

Schizencephaly 1 25.8±5.5 23±4.6 1 (100) 0 (0) 1 (100)

Intraventricular hemorrhage 2 28.1±3.8 21.5±4.9 2 (100) 0 (0) 2 (100)

Cerebellar hypoplasia/agenesis 4 29.2±3.5 18.7±1.9 3 (75) 1 (25) 4 (100)

Dandy-Walker malformation 4 28.1±4.3 23.2±3.1 2 (50) 0 (0) 3 (75)

Vermian agenesis 3 29.4±2.9 21±1 1 (33.3) 0 (0) 3 (100)

Blake’s pouch cyst 2 32.1±2.4 24.5±9.2 1 (50) 0 (0) 1 (50)

Mega cisterna magna 5 27.4±3.7 22±4.4 3 (60) 0 (0) 3 (60)

Microcephaly 2 29.8±3.1 29±8.5 1 (50) 0 (0) 1 (50)

Arachnoid cyst 3 26.5±4.2 26±9 2 (66.7) 0 (0) 2 (66.7)

Cerebral cyst 2 29.7±3.2 18.5±0.7 1 (50) 0 (0) 1 (50)

CNS: central nervous system, SD: standard deviation

Table 3. Extracranial anomalies accompanying to fetal CNS anomalies.

n %

Extremity 24 23.8

Gastrointestinal 18 17.8

Urinary 14 13.9

Cardiac 13 12.9

Skeletal 3 3

Pulmonary 7 6.9

Cystic hygroma 5 4.9

Facial 9 8.9

Genital 1 1

Hydrops 1 1

CNS: central nervous system
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diagnosed at first trimester, 12 cases were diagnosed at
second trimester and 11 cases were diagnosed at third
trimester. The authors associated the advanced diag-
nosis week with the low socioeconomic levels of
patients and late application dates.[4] In our study, mean
week of gestation for diagnosis of fetal CNS anomalies
is lower (20.6). Similarly, fetuses diagnosed at third
trimester were only 5% of the study group. This find-
ing shows that the diagnosis of fetal CNS anomalies
can be established at earlier weeks with technologic
developments and wide use of four-dimensional USG.
In another study performed on 69 pregnant women
between 2007 and 2008, ventriculomegaly was the
most common CNS anomaly (44.9%).[5] Onkar et al.
found anencephaly as the most common fetal CNS
anomaly.[4] However, ventriculomegaly cases were not
included in the study as a separate group. Similarly,
ventriculomegaly and anencephaly were the most com-
mon CNS anomalies in our study.

In previous studies, CNS malformations were
determined as the most frequent reason for gestational
termination. Wald et al. terminated 40 of 69 pregnan-
cies with fetal CNS malformation.[6] In the same study,
anencephaly was the reason in 25% of pregnancies ter-
minated. Similarly, 68.3% of pregnancies with fetal
CNS anomaly was decided to be terminated in our
study. Termination due to poor fetal prognosis was
offered to all pregnant women with fetal anencephaly,

encephalocele, holoprosencephaly, schizencephaly,
intraventricular hemorrhage and cerebellar hypoplasia.
It was found that the rate of termination in pregnancies
with fetal ventriculomegaly depends on the severity of
ventriculomegaly. Accordingly, 39.2% of fetuses with
mild ventriculomegaly, 39.2% of fetuses with moder-
ate ventriculomegaly and 81.2% of fetuses with severe
ventriculomegaly were terminated.

Usually, cranial malformation anencephaly is the
case which can be detected the earliest sonographical-
ly. These anomalies are diagnosed frequently between
10 and 14 weeks of gestation. In the study of K›nay et
al. performed to determine fetal anomaly incidence at
11–14 weeks of gestation, anencephaly was the most
commonly identified anomaly.[7] There is an anen-
cephaly case in the literature reported at 9 weeks by
USG.[8] It is not recommended to establish sonograph-
ic diagnosis before 11–12 weeks since normal cranium
ossification is observed at 13 weeks although there are
cases reported at early weeks.[8,9] While the earliest
diagnosis for anencephaly was established at 11 weeks
of gestation in our study group, mean diagnosis week is
16.9. The diagnosis week for 32% of our cases was
11–14 weeks. The cases diagnosed at second and third
trimesters are frequently the pregnant women at low
socioeconomic levels referred to our clinic when they
were diagnosed by chance at other centers.

Table 4. Clinical characteristics and concurrent anomalies of fetuses with chromosomal anomaly.

Patient Maternal Diagnosis Cranial Extracranial Karyotype Karyotype
no. age week at anomaly anomaly method

pregnancy

1 43 19 Ventriculomegaly Extremity and cardiac anomaly AC Trisomy 18

2 40 16 Cerebellar hypoplasia Urinary system and cardiac anomaly AC Trisomy 18

3 27 14 Ventriculomegaly Cystic hygroma, extremity and cardiac anomaly CVS Trisomy 18

4 20 23 Corpus callosum agenesis Extremity and cardiac anomaly CC Trisomy 18

5 31 20 Spina bifida - AC Trisomy 18

6 35 21 - Urinary system, cardiac anomaly, pulmonary dysplasia AC Trisomy 18

7 33 19 Ventriculomegaly Extremity, urinary and gastrointestinal system anomaly AC Trisomy 18

8 42 19 - Extremity, cardiac anomaly, dysmorphic facial appearance AC Trisomy 18

9 22 18 Holoprosencephaly Cleft palate-lip AC Trisomy 13

10 30 17 Holoprosencephaly Cystic hygroma, gastrointestinal anomaly AC Trisomy 13

11 37 23 Holoprosencephaly Gastrointestinal anomaly, micrognathia AC Trisomy 22

12 23 12 Encephalocele Urinary system anomaly Abortion material 69XXX

AC: amniocentesis, CC: cordocentesis, CVS: chorion villus sampling
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In our study, microcephaly is the CNS anomaly
which is diagnosed at the latest during antenatal peri-
od. Arachnoid cyst, corpus callosum agenesis and
Blake’s pouch cyst are the following anomalies, respec-
tively. These anomalies usually do not present any
ultrasonic finding during early prenatal period depend-
ing on fetal development; however, they appear at late
second trimester or third trimester. While termination
could be decided for these cases by Perinatology
Council when they are diagnosed at earlier weeks, fol-
low-up was decided due to advanced week of gestation. 

Many (51.5%) of the cases in our study group had
concurrent multiple anomalies. Among the extracra-
nial malformations, the most frequently identified ones
were extremity anomalies. A possible reason for this
relationship is the increase in the incidence of club foot
secondary to neural tube defects. However, it is seen
that anomalies may accompany in many other fetal sys-
tems. Therefore, fetuses with CNS anomaly should be
examined in detail in the USG.

Ventriculomegaly is seen in 5–25/10,000 live births
and 5–15% of the cases have aneuploidy. Kalayc› et al.
found the abnormal chromosome rate as 4.9% in fetus-
es with ventriculomegaly.[10] While chromosomal
anomaly rate was defined as 1.5–12% in isolated ven-
triculomegaly, this rate rises up to 9–36% when addi-
tional anomalies accompany to ventriculomegaly.[11,12]

In our study, we observed chromosomal anomaly in
7.69% of 52 ventriculomegaly cases. We found abnor-
mal karyotype in 10.7% of fetuses with mild ventricu-
lomegaly. These rates show that there is a risk of chro-
mosomal anomaly even slightly in ventriculomegaly,
and fetal karyotyping procedure should be recom-
mended to such cases.

Considering other cerebral anomalies, holoprosen-
cephaly is seen in one per 10,000–15,000 births, but
this rate is quite higher in fetal abortions (1/250).
Chromosomal anomaly risk is very high in holoprosen-
cephaly, and it was found associated with aneuploidy at
a rate of 45%. It has particularly risk in terms of tri-
somy 13, trisomy 18 and triploidy.[13] In our study, we
found chromosomal abnormalities in 50% of cases
with holoprosencephaly. We found trisomy 13 in two
cases and karyotype result of one case was consistent
with trisomy 22. Corpus callosum agenesis was
observed in 0.3–0.7% of general population and chro-
mosomal anomaly risk is 20%. It is concurrent with tri-
somy 13, 18, deletions and duplications in particular.

In our study, we found trisomy 18 in one of 8 cases
(12.5%). Microcephaly is seen in one out of 6250–8500
live births and chromosomal anomaly risk is high.[14]

There were two microcephaly cases in our study and
karyotype results of both cases were normal.
Chromosomal anomaly risk is about 2–3% in anen-
cephaly cases with fatal progress; however, this rate
may increase up to 11% in case of additional anom-
aly.[15] Chromosomal anomaly risk is 7–18% in
encephalocele cases which are observed in one out of
3500–5000 live births. While the karyotype results of
14 anencephaly cases observed in our study were nor-
mal, we found triploidy in one of 11 encephalocele
cases. Dandy-Walker malformation is found in one out
of 25,000–30,000 live births and chromosomal anom-
aly risk is about 35%.[5,6] Güven et al. reported chromo-
somal anomaly in 3 (37.5%) out of 8 pregnant women
found to have Dandy-Walker malformation.[16] In our
study, we identified Dandy-Walker malformation in 4
cases and karyotype results of all fetuses were normal.
Although incidence of mega cistern magna, cerebellar
hypoplasia, intraventricular hemorrhage, vermian age-
nesis, arachnoid cyst and Blake’s pouch cyst is
unknown, chromosomal anomaly risk is low in intra-
ventricular hemorrhage, schizencephaly and Blake’s
pouch cyst and the risk increases in these cases in the
presence of additional anomalies.[5,6] In our study, we
found trisomy 18 in a cerebellar hypoplasia case with
multiple anomalies.

As known, choroid plexus cysts are specifically high-
er in fetuses with trisomy 18. While the incidence of
these cysts is reported as 0.18–3.6% in the normal pop-
ulation, it is 25–70% in those with trisomy 18.[17]

Thorpe-Beeston et al. reported that 34 of 83 cases with
choroid plexus cyst had other structural anomalies and
karyotyping was performed on all of them.[18] They found
abnormal karyotype in 20 of 34 fetuses with additional
anomaly. On the other hand, karyotype analysis was per-
formed on 12 of 49 fetuses without additional anomaly
according to USG and they were all evaluated as nor-
mal.[18] In the study of Nadel et al. including 234 preg-
nant women, the authors reported that 14 cases had
structural anomalies which can be detected ultrasono-
graphically, and they found trisomy 18 in the chromo-
some analysis of 11 cases and triploidy in one case.[19]

They examined chromosomal structure of 62 out of
remaining 220 fetuses and they found no anomaly in this
group which was normal ultrasonographically.[19] In our
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study, we found chromosomal anomaly in 6 of 12 fetus-
es found to have choroid plexus cyst. However, all fetus-
es with chromosomal anomaly had additional structural
anomalies. Therefore, it is necessary to perform a
detailed ultrasonography to seek such anomalies in fetus-
es with choroid plexus cyst. In line with the previous lit-
erature, our findings show that the recommendation of
fetal karyotyping procedure is necessary in the presence
of concurrent anomalies in fetuses with choroid plexus
cyst. Karyotyping on cases with isolated choroid plexus
is not a routine procedure at our clinic. However, our
study shows that fetal karyotyping is performed due to
advanced maternal age or increase of risk in screening
test although there is no additional anomaly in fetuses
with choroid plexus cyst. Therefore, fetal karyotyping is
not a recommended procedure if there is no anomaly or
other indications accompanying to isolated choroid
plexus cases.

Conclusion
Consequently, some anomalies such as microcephaly
can appear at late periods of pregnancy although many
fetal CNS anomaly can be identified at second
trimester screening USG. Therefore, it would be ben-
eficial to re-evaluate cranial anatomy at third trimester
USG. On the other hand, concurrent structural and
chromosomal anomalies should be determined in order
to identify prognoses and management of pregnancies
with the anomaly of fetal central nervous system. Thus,
detailed USG procedure and karyotype analysis are
necessary in pregnancies found to have fetal CNS
anomaly. Since CNS anomalies have severe morbidity
and mortality, it should be considered to offer gesta-
tional termination to families as an option. 

Conflicts of Interest: No conflicts declared.
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Özet: Preeklamptik gebelerde 24 saatlik idrarda 
protein miktar› ile spot idrarda protein/kreatinin
oran›n›n karfl›laflt›r›lmas›
Amaç: Preeklampsi tan›l› hastalarda 24 saatlik idrarda protein
miktar› ile spot idrarda protein/kreatinin oran›n›n karfl›laflt›r›lma-
s›. 

Yöntem: Çal›flmaya, Ocak 2015–Aral›k 2015 tarihleri aras›nda ‹s-
tanbul Kanuni Sultan Süleyman E¤itim ve Araflt›rma Hastanesi
Perinatoloji Servisi’nde 24 saatlik idrar proteini ile spot idrarda
protein/kreatinin oran› bak›lan preeklampsi tan›l› 45 gebe ve kon-
trol grubu için de preeklampsi tan›l› olmayan, gebe polikliniklerin-
de takip edilen 45 gebe dahil edildi. Her iki gruptaki gebelerin sis-
tolik ve diyastolik tansiyon de¤erleri, 24 saatlik idrarda protein
miktar›, spot idrarda protein/kreatinin oran›, do¤um haftas›, do-
¤um flekli, do¤um kilolar›, 1. ve 5. dakikadaki APGAR skorlar›
kaydedildi ve bunlar›n spot idrardaki protein/kreatinin oran› ile
korelasyonu incelendi. 

Bulgular: Hastalar›n 24 saatlik idrarda protein miktar› ve spot id-
rarda protein/kreatinin oranlar› karfl›laflt›r›ld›¤›nda, 24 saatlik id-
rar proteini ile protein/kreatinin oran› aras›nda anlaml› korelasyon
oldu¤u izlendi. Protein/kreatinin oranlar›n›n ayr›ca tansiyon de-
¤erleri, do¤um haftas›, do¤um kilosu ve APGAR skorlar› ile yap›-
lan karfl›laflt›r›lmas›nda bunlar aras›nda anlaml› bir korelasyon iz-
lenmedi¤i saptand›. 

Sonuç: 24 saatlik idrarda protein miktar› ile spot idrarda prote-
in/kreatinin oranlar› aras›nda anlaml› bir korelasyon oldu¤unu iz-
ledik. Bu nedenle 24 saatlik idrarda proteinürinin bak›lamad›¤›
akut, acil durumlarda spot idrarda protein/kreatinin oran›n›n pro-
teinüriyi de¤erlendirmede faydal› oldu¤unu bulduk. 

Anahtar sözcükler: Preeklampsi, 24 saatlik idrarda protein mik-
tar›, spot idrarda protein/kreatinin oran›.
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Abstract

Objective: To compare protein amount in 24-hour urine and
protein/creatinine rate in spot urine of preeclamptic pregnant
women. 

Methods: The study included 45 pregnant women with preeclamp-
sia whose 24-hour urine protein and protein/creatinine rate in spot
urine were checked in the Perinatology Clinic of Istanbul Kanuni
Sultan Süleyman Training and Research Hospital between January
2015 and December 2015 and 45 pregnant women without
preeclampsia as control group who were followed up in obstetrics
polyclinics. Systolic and diastolic blood pressure values, protein
amount in 24-hour urine, protein/creatinine rate in spot urine,
delivery week, delivery type, birth weights and 1-minute and 5-
minute APGAR scores of pregnant women in both groups were
recorded and their correlation with protein/creatinine rate in spot
urine were evaluated. 

Results: When protein amounts in 24-hour urine and protein/creati-
nine rate in spot urine of patients were compared, significant correla-
tion was found between 24-hour urine protein and protein/creatinine
rate. It was also found that there was no significant correlation between
protein/creatinine rates and blood pressure values, delivery week, birth
weight and APGAR scores. 

Conclusion: We found that there was a significant correlation
between protein amount in 24-hour urine and protein/creatinine rates
in spot urine. Therefore, in acute and emergency cases where protein-
uria cannot be checked in 24-hour urine, protein/creatinine rate in spot
urine can be useful to evaluate proteinuria. 

Keywords: Preeclampsia, protein amount in 24-hour urine, pro-
tein/creatinine rate in spot urine.
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Introduction
Preeclampsia is defined as the hypertension beginning
with end organ dysfunction or proteinuria after 20 weeks
of gestation in a normotensive woman. Signs and symp-
toms of severe hypertension and end organ damage are
characterized as the serious spectrum of the disease. In
the absence of proteinuria, preeclampsia is characterized
with thrombocytopenia (thrombocytes number below
100,000/microliter), impaired hepatic function (hepatic
transaminase concentration doubling up the normal
level), onset of renal impairment (serum creatinine level
rising above 1.1 mg/dl or serum creatinine doubling up
in the absence of renal disorder), and the indications of
end organ damage including recent onset of cerebral or
visual impairment.[1]

In 2013, the American Congress of Obstetricians and
Gynecologists (ACOG) removed proteinuria from the
criteria necessary for the diagnosis of preeclampsia.
Proteinuria is an independent risk factor for renal and
cardiovascular disorders and it is considered as a marker
indicating end organ damage.[2]

Although proteinuria is not a requirement for
preeclampsia diagnosis, it is a significant laboratory find-
ing identified in preeclamptic patients. In our study, we
aimed to compare protein/creatinine (P/C) rates with
protein measurement in 24-hour urine in preeclamptic
pregnant women hospitalized in the Perinatology Clinic
of ‹stanbul Kanuni Sultan Süleyman Training and
Research Hospital.

Methods
This study was planned prospectively by recording
demographic and obstetric data of 45 preeclamptic preg-
nant women who were hospitalized in the Perinatology
Clinic of ‹stanbul Kanuni Sultan Süleyman Training and
Research Hospital between January 2015 and December
2015, diagnosed according to 2013 criteria of the
American Congress of Obstetricians and Gynecologists
(ACOG) and had no severe preeclampsia findings, and
45 non-preeclamptic pregnant women who were on the
weeks of pregnancy similar to the study group and fol-
lowed up in obstetrics polyclinics. The study was initiat-
ed with the approval no 15,933 obtained from the ethics
board of the hospital in 2015. The principles stated in the
Declaration of Helsinki were followed during the study. 

Multiple pregnancies, and pregnant women with
preeclampsia diagnosis under 24 weeks, premature

rupture of membrane, diabetes, urinary tract infection
or acute-chronic renal disorder were excluded from the
study. The ages, obstetric anamneses, and CRL-based
gestational ages of all pregnant women included in the
study were recorded.

24-hour urine and clean-catch spot urines were
asked from all preeclamptic patients in the study
group. These procedures were explained to all patients
in detail. Since checking P/C rate in the clean-catch
urine yields more reliable results, the patients were
asked for clean-catch urine sample and this procedure
was also explained in detail. Same procedures were also
repeated for the control group.

Clean-catch urine samples of these patients were
transferred to the laboratory immediately. After the
samples were centrifuged in sealed tubes at 8 min/3000
rpm, the tubes were analyzed in COBAS 6000 device
(Roche Diagnostics Ltd., Rotkreuz, Switzerland) and
the values were recorded quantitatively.

Statistical analysis

IBM SPSS version 20 (SPSS Inc., Chicago, IL, USA)
was used for statistical analyses. In addition to descriptive
statistical methods (mean, standard deviation) for the
analysis of data, independent t-test was also used for
pairwise comparison. Analysis of Pearson’s correlation
coefficient was used to compare protein/creatinine rate
in spot urine and protein level in 24-hour urine. For dif-
ferent P/C rates, sensitivity, specificity, positive predic-
tive value (PPV) and negative predictive value (NPV)
were calculated. The relationship between P/C rate in
spot urine and fetal obstetric outcomes were evaluated
by ROC analysis. Level of significance at p<0.05 was
considered as positive.  

Results
The weeks of gestation for preeclamptic cases in the
study ranged between 26 and 36 weeks and the mean
week was calculated 31.02±0.49. The weeks of gesta-
tion for cases in the control group ranged between 26
and 38 weeks and the mean week was calculated
33.37±0.49 (Table 1).

There was no significant difference between study
and control groups in terms of gravida, parity, week of
gestation, systolic and diastolic blood pressure values.
Statistically significant difference was identified between
two groups for protein amount in 24-hour urine, P/C
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rate, delivery week, birth weight, and 1-minute and 5-
minute APGAR scores.

In the preeclampsia group, mean delivery week was
33.08±0.47 and mean birth weight was 1685.80±120.09
g. In the same group, mean 1-minute APGAR score was
7.11±0.29 and mean 5-minute APGAR score was
8.71±0.22. For the cases in the preeclamptic group, the
mean protein amount in 24-hour urine was 00.81±248.49

mg/day and mean P/C rate was 1.67±0.24 mg/mg. Of the
cases in the control group of the study, the mean delivery
week was 37.37±0.30, and mean birth weight was
2868.70±77.27 g. We found that mean 1-minute
APGAR score of the cases in the control group was
8.13±0.20 and 5-minute APGAR score was 9.48±0.11. In
the same cases, mean protein amount in 24-hour urine
was 175.69±8.56 mg/day and mean P/C rate was
0.21±0.02 mg/mg (Table 1).

In the ROC analysis performed on P/C rate in the
spot urine and the presence of preeclampsia, the area
under curve (AUC) was 0.919 (Fig. 1).

In our study, we found that the sensitivity of the test
was 86% and the specificity was 91% to detect the
presence of preeclampsia when the threshold for P/C
rate was 0.3 according to ACOG Guideline and the
sensitivity was 60% and the specificity was 100% when
the threshold for P/C rate was 1 (Table 2).

Table 1. Comparison of demographic data and obstetric outcomes of preeclampsia and control groups.

Preeclampsia group Control group  p
(n=45) (n=45)

Age 31.48±0.87 29.00±0.76 0.488

Gravida 2.26±0.24 2.40±0.17 0.081

Parity 0.95±0.14 1.06±0.14 0.212

Systolic blood pressure (mmHg) 139.33±22.33 117.11±20.00 0.398

Diastolic blood pressure (mmHg) 87.11±14.43 73.77±15.00 0.482

Delivery week 33.08±0.47 37.37±0.30 <0.001

Birth weight (g) 1685.80±120.09 2868.70±77.27 0.001

Protein (mg/day) 2000.81±248.49 175.69±8.56 <0.001

Protein/creatinine rate 1.67±0.24 0.21±0.02 <0.001

Volume of 24-hour urine (ml) 2484.08±538.42 2170.45±434.92 0.386

Week of gestation 31.02±0.49 33.37±0.49 0.695

1-minute APGAR 7.11±0.29 8.13±0.20 0.017

5-minute APGAR 8.71±0.22 9.48±0.11 0.017

Fig. 1. ROC analysis performed between protein/creatinine rate and
the presence of preeclampsia.

Table 2. Predictive values in different cut-off values of protein/creatinine
rate.

Cut-off value of  Sensitivity Specificity PPV NPV 
P/C rate (%) (%) (%) (%)

0.27 86.6 84.4 84.7 86.3

0.30 86.6 91.1 90.6 87.2

0.50 77.7 97.7 97.2 81.4

0.75 71.1 97.7 96.9 77.1

1 60 100 100 71.4

NPV: Negative predictive value, PPV: Positive predictive value
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We found a high level of correlation between P/C
rate in spot urine and protein amount in 24-hour urine
(r=0.707).

The AUC value was 0.479 in the ROC analysis per-
formed between P/C rate in spot urine and systolic
blood pressure being >140 and it was 0.472 between
P/C rate in spot urine and diastolic blood pressure
being >90. In the ROC analysis performed for P/C rate
in spot urine and premature delivery week (<34 week),
low birth weight (below 2500 g), 1-minute APGAR
score below 4 and 5-minute APGAR score below 4,
AUC values were 0.496, 0.579, 0.398 and 0.484,
respectively. 

Discussion
Preeclampsia is a multisystem condition characterized
with the hypertension starting in the second part of the
pregnancy together with proteinuria or dysfunction of
any organ. Although the delivery rates at term or near
term of pregnant women affected are high and their
maternal and fetal outcomes are good, they have serious
maternal and/or fetal mortality/morbidity rates.[3,4] The
condition is characterized by systemic endothelial dam-
age, vascular collapse and glomerular endotheliosis.

The method commonly exercised and considered as
golden standard for determining the proteinuria is the
protein amount checked in 24-hour urine. However,
the differences in 24-hour urine accumulation due to
lower or higher collection during urine accumulation
of patients may result in incorrect results for protein
levels.[5] Due to the difficulty of conformity in the step
of collecting 24-hour urine tests, inconvenient and
expensive process of collecting 24-hour urine, and con-
venience of checking spot urine, checking P/C rate in
spot urine has been brought up into agenda.

According to the statistical results of our study, we
found that P/C rate in spot urine was well correlated
with protein value in 24-hour urine (r=0.707, p<0.001).
Today, many international organizations consider that
P/C rate in the spot urine being between 0.26 and 0.3
mg protein/mg creatinine is the indication of
preeclampsia.[6,7]

Similar to our study, Shahbazian et al. compared
P/C rate in spot urine and protein amount in 24-hour
urine in their study conducted on 81 patients.[8] In this
study, they found significant correlation between two
tests (r=0.84, p<0.001). 

In the study conducted on 75 cases in 2014,
Nischintha et al. concluded that there was a positive
correlation between P/C rate in spot urine and protein
amount in 24-hour urine, and they reported that P/C
rate could be used as an alternative test instead of pro-
tein amount in 24-hour urine.[9]

Demirci et al. compared P/C rate in spot urine and
protein amount in 24-hour urine in their study per-
formed in 2013 and they found a significant correlation
(r=0.758) between two values similar to our study and
other up-to-date studies.[10–12]

P/C rate is associated with proteinuria, but it does
not have a certain cut-off value enough for diagnosis.
Depending on different cut-off values, specificity and
sensitivity rates change and specificity increases as cut-
off value rises. In the retrospective study conducted
between 2005 and 2007 on a series of 356 cases, Stout et
al. evaluated the relationship between 24-hour urine and
P/C rate in spot urine. According to the results of the
study, AUC was found 0.82 in the ROC analysis per-
formed on P/C rate and protein amount in 24-hour
urine, but it was reported that it was difficult to find a
certain cut-off value for P/C rate in spot urine.[13] In this
study, the calculation was done by considering cut-off
value as 0.08 and 1.19. P/C rate ruled out preeclampsia
when cut-off value was <0.08 whereas preeclampsia was
considered to be present when cut-off value >1.19. In
P/C rates between these values, collecting 24-hour urine
was reported necessary for diagnosis. In the study on a
series of 54 cases, Nisell et al. reported the best cut-off
value as 0.27 and the sensitivity was found 95% and
specificity 100% at this value.[14] In our study, when we
considered the threshold value for P/C rate as 0.27, the
sensitivity was 86% and specificity was 84%; when the
threshold value was 0.3 according to ACOG Guideline,
the sensitivity was 86% and specificity was 91%, and
they were 60% and 100%, respectively, when threshold
was 1. In our study, sensitivity decreased and specificity
increased as cut-off value increased. The P/K cut-off
value we found in preeclampsia diagnosis is 0.3, same as
the value of ACOG.

In the study of Nischintha et al., the authors also
included newborn and fetal data in the study and they
showed that the rate of newborns with very low birth
weight increased from 9.8% to 17.6% in proteinuria val-
ues over 300 mg/day, which was the threshold.
However, when P/C rate increased, they did not observe
additional increase proportionately.[9] In our study, we
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did not observe any significant relationship between
decreasing P/C rate and newborns with low birth weight
in patients with P/C rate >0.3 (ROC AUC: 0.579). 

We compared proteinuria amount and gestational
outcomes in our study. When we evaluated each
parameter (delivery week, birth weight, APGAR score,
blood pressure values of cases), we found that these
parameters were not correlated with proteinuria. In
other words, when proteinuria amount is high, gesta-
tional outcomes are not more complicated in parallel.
ACOG’s decision to remove proteinuria from the cri-
teria for severe preeclampsia supports our finding.

Checking P/C rate in spot urine in order to estab-
lish emergency or acute preeclampsia diagnosis to
patients saves time. On the other hand, collecting 24-
hour urine is time-consuming during diagnosis
process. In this case, maternal and fetal morbidity and
mortality increase. Considering more recent studies,
we believe that P/C rate in preeclamptic patients can
be soon an alternative to the method of collecting 24-
hour urine.

Conclusion
In our study, we compared protein/creatinine rate in
spot urine to the protein amount in 24-hour urine. We
found that the protein amount in 24-hour urine was
correlated to the protein/creatinine rate in spot urine
of our patients. Based on the results of our study, we
believe that P/C rate in spot urine can be an alternative
test to the protein test on 24-hour urine, especially in
emergency cases. 

Conflicts of Interest: No conflicts declared.
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Quercetin improves metabolic sequels and 
placental morphology in streptozotocin-induced 

diabetic rats
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Özet: Kuersetin, streptozotosin uyar›ml› diyabetik
s›çanlarda metabolik devreleri ve plasenta 
morfolojisini iyilefltirmektedir
Amaç: Kuersetin (KE), do¤ada yayg›n olarak bulunan bir flavono-
iddir. Bu deneysel çal›flmada, KE’nin streptozotosin uyar›ml› diya-
betik s›çanlar›n plasentas› üzerindeki etkisini incelemeyi amaçlad›k. 

Yöntem: Otuz virjin difli Wistar s›çan› (200–250 g), en az 12 saat
boyunca 15 erkek s›çanla çiftlefltirildi. Gebeli¤in bafllang›c›ndan
itibaren s›çanlar, kontrol, streptozotosin (STZ) ve STZ+KE flek-
linde eflit olarak üç deneysel gruba ayr›ld›. Gebe s›çanlar, gebeli¤in
21. gününde sakrifiye edildi ve plasenta dokular› al›nd›. Tüm
gruplar›n plasenta dokular› ve kan örnekleri, biyokimyasal ve his-
tolojik analiz için ifllendi. 

Bulgular: KE tedavisi, STZ uyar›ml› diyabetik s›çanlardaki yüksel-
mifl serum glikoz seviyelerinde keskin bir düflüfle ve azalm›fl serum
insülin konsantrasyonlar›nda art›fla yol açt› (p<0.05). Plasental ma-
londialdehit (MDA) seviyesi, tedavi edilmeyen gruba k›yasla KE ile
tedavi edilen s›çanlarda önemli oranda azald› (p<0.05). Tedavi gör-
meyen diyabetik grupla k›yasland›¤›nda, KE tedavisi süperoksit dis-
mutaz (SOD) ve glutatyon peroksidaz (GPx) aktivitelerini anlaml›
derecede art›rd› (p<0.05). Diyabetik grupta ise ço¤alan hücre nükle-
er antijeni (PCNA) immün etiketleme yo¤unluklar› azalm›fl ve s›çan
plasentalar›ndaki TUNEL pozitif hücreler artm›flt›.

Sonuç: KE, oksidatif stresi ve apoptozu azaltarak ve plasenta mor-
folojisini muhafaza ederek diyabet üzerinde koruyucu bir etkiye
sahiptir. KE, gebelikteki diabetes mellitus tedavisini güçlendirme
umudu vermektedir. 

Anahtar sözcükler: Apoptoz, plasental diabetes mellitus, oksidatif
stres.
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Abstract

Objective: Quercetin (QE) is a flavonoid widely distributed in
nature. This experimental study was designed to evaluate the effect
of QE on the placenta in streptozotocin-induced diabetic rats. 

Methods: Thirty virgin female Wistar rats (200–250 g) were mated
with 15 males for at least 12 h. From the onset of pregnancy, the rats
were divided equally into three experimental groups including con-
trol, streptozotocin (STZ)-treated, and STZ+QE-treated. Pregnant
rats were sacrificed on day 21 of pregnancy and the placental tissue
was harvested. Placental tissues and blood samples in all groups were
processed for biochemical and histological analysis. 

Results: QE treatment gave rise a sharp decrease in the elevated
serum glucose levels and an increased in the lowered serum insulin
concentrations in STZ-induced diabetic rats (p<0.05). Placental mal-
ondialdehyde (MDA) level was considerably reduced in rats treated
with QE when compared to untreated group (p<0.05). QE treatment
produced a significant increase superoxide dismutase (SOD) and glu-
tathione peroxidase (GPx) activities compared with the diabetic
untreated group (p<0.05). On the diabetic group, proliferating cell
nuclear antigen (PCNA) immunolabeling intensities decreased and
TUNEL positive cells in the placenta of rats was found to increased. 

Conclusion: Quercetin has a protective effect in diabetes by decreas-
ing oxidative stress and apoptosis, and by preservation of plasental mor-
phology. QE gives hope to improve treatment diabetes mellitus in
pregnancy. 

Keywords: Apoptosis, placental diabetes mellitus, oxidative stress.



Introduction
Diabetes in pregnancy is associated with several distur-
bances including abnormal fetal growth and newborn
complications.[1] Diabetes during pregnancy has been
associated with some of placental disorders, including
increased weight and size of the placenta,[2–4] and abnor-
mal placental weight / fetal weight ratio.[5] The strong
correlation between placental weight and fetal weight[6,7]

is used as an indicator of fetal health during intrauterine
life, since this correlation is affected by pathological con-
ditions such as maternal hypertension and diabetes and
fetal intrauterine growth restriction.

Pregnancy in the streptozotocin (STZ)-induced dia-
betic rat is also characterized by placentomegaly and
varying degrees of fetal growth retardation.[8] Whereas
macrosomia often occurs in infants of diabetic women,
growth retardation is almost a rule in spontaneous and
experimental diabetes in animals. The functional signifi-
cance of placentomegaly in the presence of maternal dia-
betes in rats and other species is unclear,[9] and it is not
clear when the growth inhibition starts or how placental
pathology might affect fetal growth in maternal dia-
betes.[10] Some researchers hypothesized that hyper-
glycemia leads to a relative immaturity of rat placentas
by providing a stimulus for continuous growth and cell
division-delayed maturation.[1] A recent study showed
that placenta of women on either insulin or food restric-
tion have different abnormalities.[11] Concordantly, nor-
mal levels of circulating glucose do not mean that pla-
centa and fetuses are normal. Defects in fetus and pla-
centa secondary to hyperglycemia can continue despite
normal levels of glucose. 

Oxidative stress may be increased in diabetes owing
to a hyperproduction of reactive oxygen species (ROS).
The increased production of ROS has been attributed to
protein glycation[12,13] and glucose auto-oxidation in a
hyperglycemic environment.[14] As in other organs of
human body, cell development, and function in placenta
depends on the balance between cell proliferation and
cell death. Proliferating cell nuclear antigen (PCNA) was
stated to be expressed most in early gestation, less in
mid-gestation, and least at term.[15] Intensive PCNA pos-
itivity in placenta on gestation days 11 and 13 was
reported to decrease on gestation days 17 and 21.[16]

Apoptosis is a programmed death of the cells which
are not needed as required by intercellular relations in
developed organisms and of which functions are deteri-
orated without harming environment. In the placenta

samples taken from first and last trimester normal gesta-
tion in humans apoptosis was shown in all cell types and
large portion of apoptotic cells (>50%) was ascertained
to be trophoblasts. There was a general view that as long
as gestation progresses, increased apoptosis is observed
as a natural result of aging.[17,18]

Flavonoids are a group of naturally occurring com-
pounds widely distributed as secondary metabolites in
the plant kingdom. They have been recognized for hav-
ing interesting clinical properties, such as anti-inflamma-
tory, antiallergic, antiviral, antibacterial and antitumoral
activities.[19] One of these flavonoids, quercetin (QE),
prevents oxidant injury and cell death by several mecha-
nisms, such as scavenging oxygen radicals,[20,21] protecting
against lipid peroxidation[22] and long-term treatment of
STZ-diabetic animals and it has been shown to reduce
oxidative stress.[23]

The aim of this study is to determine whether QE
ameliorates placental function, morphology and affects
apoptotic activity with trophoblast proliferation and
oxidative stress in diabetic rats.

Methods
Animals

This study was carried out in the Experimental
Research Laboratory of the Trakya University Faculty
of Medicine, complying with the approval of the ethic
committee, the guidelines for care and use of experi-
mental animals. Thirty female and 15 male adult
Wistar rats weighing 200–250 g were used in the study
and none of them had mated previously. Two females
and one male were kept overnight in one cage. The
rats were housed individually in makrolon cages under
standard laboratory conditions (light period 7:00 a.m.
to 7:00 p.m., 21±1 °C, rat chow and tap water freely
available). A sperm-positive vaginal smear observed on
the following morning was considered to indicate suc-
cessful copulation. The sperm-positive day was desig-
nated as first day of pregnancy. Pregnant animals were
randomly assigned to control, STZ-treated, and
QE+STZ-treated, each containing 10 rats. The con-
trol group was injected with only isotonic NaCl (2
ml/kg/d) throughout the experiment. Diabetes was
induced on the beginning of gestation by a single
intraperitoneal injection of STZ (50 mg/kg body
weight, freshly dissolved in 5 mmol/L citrate buffer,
pH 4.5) in the STZ-treated groups. QE was obtained
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from Sigma Chemical (St. Louis, MO, USA) and dis-
solved in 0.5 ml of 60% ethanol just before intraperi-
toneal injection. The rats in QE-treated groups were
given QE (15 mg/kg) once a day intraperitoneally for
24 days starting 3 days prior to STZ injection. The
experimental animals in both groups became diabetic
within 24 h after the administration of STZ. Diabetes
mellitus was confirmed by the Ames One Touch
Glucometer (LifeScan; Johnson and Johnson, New
Brunswick, NJ, USA) and only animals with glucose
≥300 mg/dL were considered as diabetic.[24] Control
and STZ-diabetic mothers were anesthetized with
chloral hydrate, sacrificed by cervical dislocation, and
fetuses and placentas were taken on day 21 of gestation.

Biochemical procedure

Rats were anesthetized with an intraperitoneal injection
of chloral hydrate (6 mL of 7% chloralhydrate/kg body
wt) on the 21 day of pregnancy.[24] After this operation
embryo and placenta weights were measured separately.
Each pregnant rat was sacrificed and the placenta tissue
was evaluated for lipid peroxidation products, antioxi-
dant enzymes and morphological appearance. Blood
samples were collected by cardiac puncture using a
heparinized syringe. Serum glucose was determined by
the hexokinase method with reagents from Boehringer,
Mannheim, Germany.[25] Insulin was determined using a
double-antibody radioimmunoassay kit (Amersham
Radiochemical Centre, Bucks, UK).[26]

Preparation of tissue samples

All placenta tissues were weighed and homogenized
with 0.15 M KCl solution and 10% homogenates (w/v)
of these tissues were prepared. Tissue homogenates
were centrifuged for 10 min at 4 °C cold centrifuge 600
× g. Supernatant was centrifuged for 20 min at 10,000
× g so postmitochondrial fraction was obtained.
Malondialdehyde (MDA) level of tissues were deter-
mined in tissue homogenates; superoxide dismutase
(SOD) and glutathione peroxidase (GPx) activities were
examined in postmitochondrial fraction of these
homogenates. The bicinchoninic acid method was used
for determining the amount of protein in samples.[27]

Lipid peroxidation determination

Malondialdehyde, as an endpoint of lipid peroxidation
(LPO), was calculated by detecting absorbance of thio-
barbituric acid reactive substances at 532 nm.[28] MDA
levels were expressed as MDA nmol/mg protein.

Superoxide dismutase determination

Superoxide dismutase activity was measured by princi-
ple of increasing the ability of photooxidation rate in o-
dianisidin sensitived with riboflavin.[29] Colored prod-
uct was measured spectrophotometrically at 460 nm,
and the results were specified as IU/mg protein.

Glutathione peroxidase determination

Glutathione peroxidase activity was measured according
to the protocol of Lawrence et al.[30] The results were cal-
culated using NADPH in extinction coefficient and
nmol NADPH/mg protein/min were expressed.

Histochemical procedures

Harvested placental tissues in all groups were fixed on
day 21 of pregnancy. Then, they were cut into small
fragments and fixed in gender fluid (picric acid saturat-
ed solution in 90% ethanol; 40% formaldehyde; 96%
acetic acid, 80:10:5) for 8 h at 4 °C. The materials were
subsequently postfixed overnight in 40% formalde-
hyde, 90% ethanol (1:9). The further processing
included routine techniques for dehydration, clearing,
and embedding in paraffin. The sections were cut at 5
μm thickness and stained by the periodic acid-Schiff
(PAS) reaction, after short stays in degrading alcohol
series and distilled water.[31]

Immunohistochemical procedures

The placenta tissues were individually immersed in
Bouin’s fixative, dehydrated in alcohol and embedded
in paraffin. Sections of 5 μm were obtained, deparaf-
finized and stained with PCNA immunohistochem-
istry. Immunohistochemical reactions were performed
according to the ABC technique described by Hsu et
al.[32] The procedure involved the following steps: (1)
endogenous peroxidase activity was inhibited by 3%
H2O2 in distilled water for 30 min, (2) the sections
were washed in distilled water for 10 min, (3) non-spe-
cific binding of antibodies was blocked by incubation
with normal goat serum (DAKO X 0907, Carpinteria,
CA, USA) with PBS, diluted 1:4, (4) the sections were
incubated with specific mouse monoclonal anti-PCNA
antibody (Cat. # MS-106-B, Thermo LabVision;
Thermo Fisher Scientific, Waltham, MA, USA), dilut-
ed 1:50 for 1 h, and then at room temperature, (5) the
sections were washed in PBS 3×3 min, (6) the sections
were incubated with biotinylated anti-mouse IgG
(DAKO LSAB 2 Kit), (7) the sections were washed in
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PBS 3×3 min, (8) the sections were incubated with
ABC complex (DAKO LSAB 2 Kit), (9) the sections
were washed in PBS 3×3 min, (10) peroxidase was
detected with an aminoethylcarbazole substrate kit
(AEC kit; Zymed Laboratories, Thermo Fisher
Scientific, Waltham, MA, USA), (11) the sections were
washed in tap water for 10 min and then dehydrated,
(12) the nuclei were stained with hematoxylin, and (13)
the sections were mounted in DAKO Faramount.

The evaluation of the PCNA immunohistochemistry
in all groups was performed using semiquantitative analy-
ses. Briefly, sections were evaluated using a light micro-
scope (Olympus CX-31, Tokyo, Japan) with a special
ocular scale. The labeling was scored in semiquantitative
analyses that included the intensity of specific labeling in
sections. The positive immunostaining of PCNA was
scored in a semiquantitative manner in order to deter-
mine the differences between the control group and the
experimental groups in the distribution patterns of inten-
sity of immunolabelling of placental tissue. The positive
staining was recorded as weak (±), mild (+), moderate
(++), strong (+++) and very strong (++++). This analysis
was performed in at least eight areas per placenta section,
in two sections from each animal at ×400 magnification.

TUNEL assay

The terminal deoxynucleotidyl transferase-mediated
dUTP nick end labeling (TUNEL) method, which
detects fragmentation of DNA in the nucleus during
apoptotic cell death in situ, was employed using an apop-
tosis detection kit (TdT-FragelTM DNA Fragmentation
Detection Kit, Cat. No. QIA33; Calbiochem, Millipore-
Sigma Merck, Darmstadt, Germany). All reagents listed
below are from the kit and were prepared following the
manufacturer’s instructions. Five-μm-thick renal sections
were deparaffinized in xylene and rehydrated through a
graded ethanol series as described previously. They were
then incubated with 20 mg/ml proteinase K for 20 min-
utes and rinsed in tris-buffered saline (TBS). Endogenous
peroxidase activity was inhibited by incubation with 3%
hydrogen peroxide. Sections were then incubated with
equilibration buffer for 10–30 minutes and then TdT-
enzyme, in a humidified atmosphere at 37 °C, for 90 min-
utes. They were subsequently put into pre-warmed work-
ing strength stop/wash buffer at room temperature for 10
minutes and incubated with blocking buffer for 30 min-
utes. Each step was separated by thorough washes in
TBS. Labelling was revealed using DAB, counter stain-

ing was performed using methyl green, and sections were
dehydrated, cleared and mounted.

The positive staining of TUNEL cell numbers was
scored in a semiquantitative manner in order to deter-
mine the differences between the control group and
the experimental groups in placenta tissue. The num-
bers of the positive staining were recorded as absent
(–), weak (±), mild (+), moderate (++), strong (+++) and
very strong (++++). This analysis was performed in two
sections from each animal at ×400 magnification in at
least five areas per placenta section.

Statistical analysis

The data were expressed as the mean ± standard devia-
tion (SD), and analyzed by repeated measures of vari-
ance. A Tukey test was used to test for differences among
means when an analysis of variance (ANOVA) indicated
a significant (p<0.05) F ratio. For the analysis of the
immunohistochemical data, a nonparametric test
(Kruskal-Wallis) was used. Differences were considered
statistically significant when the p-value was <0.05.

Results
Biochemical findings

The baseline weights of the rats at the beginning of the
study were similar in all groups. At the end of the treat-
ment, diabetic animals presented weight loss. The initial
and final body weights were not different in control rats
and QE-treated diabetic rats. The diabetic animals
exhibited consistently hyperglycemia. The QE treat-
ment (for 24 days) caused a sharp decrease in the elevat-
ed serum glucose and an increase in the lowered serum
insulin concentrations in STZ-induced diabetic rats
(Table 1).
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Table 1. Body weight, serum glucose and insulin levels of Groups A (con-
trol), B (diabetic untreated), and C (diabetic treated with QE).

Parameters A B C

Initial body weight (g) 233±12 232±9 231±8

Final body weight (g) 236±13 179±6* 235±11

Initial serum glucose (mg/dl) 104±7 102±6 100±5

Final serum glucose (mg/dl) 100±5 290±15† 185±8‡

Initial serum insulin (mU/l) 57±3 59±4 58±4

Final serum insulin (mU/l) 59±4 12±1§ 20±2||

Statistical analysis used one-way ANOVA with Tukey’s test. Values are expressed as
means ± SD, n=10 for each group; *p<0.05 compared with Group A; †p<0.01
compared with Group A; ‡p<0.05 compared with Group B; §d p<0.001 compared
with Group A; ||p<0.05 compared with Group B.



Diabetes-induced oxidative stress resulted in signifi-
cant increases of placental tissue level of MDA (a mark-
er of LPO) when compared to the control group.
However, placental MDA level was considerably
reduced in rats treated with QE in comparison with dia-
betic untreated group. Diabetes also induced significant
reduction of SOD and GPx antioxidant enzyme activi-
ties relative to the control. QE treatment produced a
significant increase in the activities of SOD and GPx
compared with the diabetic untreated group (Table 2).

Both placental and fetal weights in animals having
the diagnosis of diabetes during pregnancy were found
to be higher than in the control rats and rats on QE
(Table 3).

Histochemical findings

Main histological findings of rat placenta in diabetic
group were increased basal membrane volume in tro-
phoblasts as well as fluid accumulation in villous process-
es and spaces between them. In contrast decidual com-
ponent of the endometrium was found to weak and thiny
(Figs. 1–3). 

On day 21 of pregnancy, in the control group,
labyrinth trophoblasts, labyrinth fetal vessel endothelial
cells in the labyrinth zone, spongiotrophoblasts in the
junctional zone and trophoblast giant cells revealed very
strong PCNA immunolabeling intensity. In the diabetic
group, PCNA immunolabeling intensities decreased
compared to the control and QE-treated diabetic

groups. A rare number of TUNEL positive cells were
observed in the placentas of rats in control group on ges-
tation day 21. As a result of diabetes on gestation day 21,
number of TUNEL positive cells in the placentas of rats
was found to increase as compared with the control and
QE treated diabetic groups on the same gestation day
(Table 4).
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Table 2. Placental tissue MDA levels and SOD and GPxenzyme activi-
ties of Groups A (control), B (diabetic untreated), and C (dia-
betic treated with QE).

Parameters A B C 

MDA (nm/mg tissue) 4.95±0.23 7.65±0.46* 5.83±0.33†

SOD (U/mg protein) 4.17±0.22 2.95±0.13* 3.72±0.19†

GPx (nm/mg protein) 321.16±18.01 163.12±11.34* 279.17±16.25†

Kruskal-Wallis test was used for statistical analysis. Values are expressed as means
± SD, n=10 for each group. *p<0.01 when compared with Group A; †p<0.05 when
compared with Group B.

Table 3. Mean values of fetal birth weight, and placental weight in
Groups A (control), B (diabetic untreated), and C (diabetic
treated with QE).

Parameters A B C

Birth weight of fetus (g) 4.3±0.3 5.8±0.5* 4.9±0.4†

Placental weight (g) 0.7±0.03 1.1±0.05* 0.9±0.04†

Kruskal-Wallis test was used for statistical analysis. Values are expressed as mean±
SD, and n=10 for each group. *p<0.01 when compared with Group A; †p<0.05
when compared with Group B.

Fig. 1. In the control group, the placental labyrinth had a normal his-
tological appearance (PAS staining. Magnification: ×320). BL:
basal lamina, L: labyrinth.

Fig. 2. Greater thickness and irregularity of interhemal barrier in dia-
betic placenta (PAS staining. Magnification: ×320). BL: basal
lamina, L: labyrinth.



The glycogen content in the maternal part of placen-
ta and placental labyrinth was higher in STZ-treated rats
than those in the control rats. QE therapy causes placen-
tal morphologic improvement and decrease glycogen
content after STZ-induced diabetes in rats (Figs. 4–6,
Table 5).

Discussion
When rewiving the current literature it is obvious that
diabetes has adverse impact on both fetus and placental
development. Either type one or two diabetes leads to
early and late period miscarriage or stilbirth respective-
ly. Moreover both types of diabetes can cause congenital
and placental abnormalities such as cardiac defects and
placentomegaly.[1,33] Animal model of diabetes using STZ
has been well accepted method for diabetes researches.
Hyperglycemia secondary to this method may lead to
oxidative stress in many critical tissues. Unlike human

pregnancies, hyperglycemia in experimental animals end
up with weight loss.[34] Despite this fact, both the placen-
tal weight and wieght of newborns of animals on STZ
are larger when compared to healthy one.[1,34,35] In our
study, at the end of the treatment, diabetic animals pre-
sented weight loss. The initial and final body weights
were not different in control rats and QE-treated diabet-
ic rats. The placental or fetal wights in rats on STZ were
significantly enhanced compared to control animals.
The QE treatment caused a decrease the weights of the
placenta and the fetuses in STZ-induced diabetic rats.

Superoxide dismutase catalyzes the dismutation of
O2 into H2O2 an it has been found to be decreased in
the erythrocytes of diabetic rats[36] and diabetic
humans.[37,38] In the present study, placental MDA level
was considerably reduced in rats treated with QE-
treated group in comparison with diabetic untreated
group. Diabetes also induced significant reduction of
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Table 4. Semiquantitative comparison of the intensity of PCNA and
TUNEL in placental tissues for each group (Control, diabetic
untreated and diabetic treated with QE).

Parameters Control Diabetic Diabetic treated 
untreated with QE

PCNA +++ + ++

TUNEL ± +++ ++

Expression of PCNA and TUNEL are expressed semiquantitatively: as weak (±), mild
(+), moderate (++), strong (+++) and very strong (++++).

Table 5. Glycogen content of placenta, estimated semiquantitatively in
PAS-stained section on day 21 of the pregnancy of the groups
(Control, diabetic untreated and diabetic treated with QE).

Parameters Control Diabetic Diabetic treated 
untreated with QE

Maternal part of placenta +++ + ++

Labyrint of placenta ± +++ ++

±: trace of glycogen; +, ++, +++: relative amounts of glycogen in tissues (+++:
high, ++: medium, +: low).

Fig. 3. QE therapy causes placental morphologic improvement in
STZ+QE-treated group (PAS staining. Magnification: ×320).
BL: basal lamina, L: labyrinth.

Fig. 4. Glycogen content in the maternal part of placenta in the con-
trol group (PAS staining. Magnification: ×320). G: glycogen,
L: labyrinth.



SOD and GPx antioxidant enzyme activities relative to
the control. QE treatment produced a significant
increase in the activities of SOD and GPx compared
with the diabetic untreated group.

Placenta of rats on STZ has a significantly different
histopathological features. Both size and volume of the
basal membrane of trophoblast cell significantly
increased. This changes were not observed in rats in
control group. Enhanced proliferation in placental cell
can indicate ischemia in the microenvironment of pla-
centa.[39] In good agreement with this thickening of the
membranes of animals with diabetes has been noted.[40]

Likewise, similar alterations in placental morhology has
been reported in placenta of uncontrolled diabetic
case.[41] Possible explanation of thickness in placental
structure can be accumulation mucopolysaccharides.[42]

Thickening of placental membranes ends up with inhibi-
tion of uteroplacental circulation that causes fetal growth
retardation.[1] Morover, increase in membrane thickness
might lead to increase in gap between maternal and fetal
circulation. This can cause ineffective diffusion of mole-
cules that provide fetal nutrition.[40]

Placental abnormalities in the human diabetic preg-
nancy are many and varied.[43] This placentomegaly and
fetal macrosomia is likely due to increased glucose trans-
fer[44] but may also be due to the growth-promoting
effects of insulin and possibly other hormones.[45,46] Other
abnormalities described in diabetes include infarcts,
chorioangiomatosis, villous fibrosis and dysmaturity,

abnormalities of basement membrane composition, and
increased glycogen content.[43] In our study the most
striking difference between diabetic and control placen-
tas on day 21 of gestation is the presence in all diabetic
placentas of many glycogen-distended cells in the basal
zone. Within the placental labyrinth, the trophoblast
layers in the interhemal membrane are markedly thicker
in diabetic animals than in controls. QE therapy caused
placental morphologic improvement and reduced glyco-
gen content in diabetic placenta.

In the study performed by Acar et al.[16] PCNA
immunopositive cell frequency was reported to
decrease in the control group and diabetic rat placenta.
In another study number of PCNA immunopositive
cells in placenta was seen to decrease in parallel with
gestation age. Their findings supported the informa-
tion that as long as placenta approaches term, it loses
its proliferative characteristic.[15] After STZ administra-
tion PCNA positivity was seen to decrease significant-
ly as compared with the control group. QE therapy
decreased the PCNA positive cells in the placenta of
the diabetic rats.

In a previous study,[47] TUNEL-positive cells found
in fetal and maternal part of the placenta were counted
on gestation day 20 and the number of apoptotic cells
in the maternal part was reported to be higher than the
ones in the fetal part. In another study,[48] apoptotic
cells in rat placenta on gestation day 18 were reported
to rarely exist. Apoptosis which is necessary for normal
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Fig. 5. Glycogen content in the maternal part of placenta in the STZ-
treated group (PAS staining. Magnification: ×320). G: glyco-
gen, L: labyrinth.

Fig. 6. Glycogen content in the maternal part of placenta in the
STZ+QE-treated group (PAS staining. Magnification: ×320).
G: glycogen, L: labyrinth.



development of the placenta was reported to increase
extremely as a result of applications performed exter-
nally or the cases affecting the healthy placenta and
embryo.[48–50] In another study,[51] rat placenta of ethylni-
trosourea was shown to cause apoptosis in the labyrinth
layer. In our study, we found a rare amount of apoptot-
ic cells in the control group in accordance with litera-
ture. As a result of STZ administration, the number of
apoptotic TUNEL positive cells in the labyrinth layer
was found to increase significantly on gestation day 21.
QE therapy decreased the TUNEL positive cells in the
placenta of the diabetic rats.

Conclusion
Consequently, our study shows that STZ administrat-
ed during gestation causes abnormal placental develop-
ment by disordering the oxidative stress and apopto-
sis/proliferation balance of trophoblast cells. QE ther-
apy leads to improvement in placental morphology and
reduced oxidative stress, glycogen content, serum glu-
cose levels and increase the serum insulin concentra-
tions. 

Conflicts of Interest: No conflicts declared.
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Introduction
New concept for analyzing the pregnancy physiology
better will probably include defining fetal gender.[1]

Previous studies already showed that fetal gender was

related with various complications of pregnancy; the
male fetuses had complications associated with defective
placentation such as preeclampsia and ablatio placenta.
Besides, preterm delivery and postterm pregnancy were

Özet: Üç boyutlu ultrasonografi ile ölçülen plasenta
hacminde cinsiyete ba¤l› de¤iflim
Amaç: Çal›flman›n amac› üç boyutlu ultrasonografi ile ölçülen pla-
senta hacmi ve ortalama gri de¤erinin fetal cinsiyete ba¤l› de¤ifli-
mini de¤erlendirmektir. 

Yöntem: Bu olgu kontrollü prospektif çal›flmaya; gebelik yafl›, anne
yafl› ve parite bak›m›ndan efllefltirilmifl 29’u erkek ve 31’i difli fetüse
sahip olan toplam 60 tekil sa¤l›kl› gebe dahil edildi. Plasenta hacmi
ve plasental hacimsel ortalama gri de¤erleri ölçüldü. Umbilikal arter
ve fetal orta serebral arter Doppler indeksleri hesapland›. 

Bulgular: Plasenta hacmi s›ras›yla erkek fetüslerde 296.93±108.08
cm3, difli fetüslerde ise 399.12±135.08 cm3 olarak saptand› (p=0.012).
Plasentan›n ortalama gri de¤eri s›ras›yla erkek fetüslerde 39.68±7.83,
difli fetüslerde 39.27±7.22 olarak tespit edildi (p=0.863). Umbilikal
arter pulsatilite indeksi erkek fetüslerde 1.03±0.21, difli fetüslerde
1.00±0.24 olarak (p=0.761) ve orta serebral arter pulsatilite indeksi
erkek fetüslerde 1.84±0.85, difli fetüslerde 2.16±0.67 olarak saptand›
(p= 0.197). Korelasyon analizinde plasental hacmin do¤umdaki fetal
a¤›rl›kla korele olmad›¤› gözlendi (r=0.224, p=0.164). Plasenta hac-
mi ve umbilikal arter aras›nda anlaml› ters korelasyon oldu¤u izlen-
di (r=-0.401, p=0.006). 

Sonuç: Difli fetüslerin kötü maternal çevresel koflullarda daha iyi
sonuç almas›, daha genifl plasenta hacimlerine sahip olmalar› nede-
niyle olabilir. 

Anahtar sözcükler: Plasenta hacmi, 3D ultrasonografi, cinsiyete
ba¤l› de¤iflim, VOCAL analiz.
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Abstract

Objective: The aim of this study was to evaluate the effect of fetal
gender in placental volume and the placental mean gray value
assessed by three-dimensional (3D) ultrasonography. 

Methods: This case-control prospective study consisted of 60
healthy singleton pregnancies, 29 of which were male fetuses and 31
of which were female fetuses, matched for gestational age, maternal
age and parity. Placental volume and placental volumetric mean gray
values were evaluated. Umbilical artery (UA) and fetal middle cere-
bral artery (MCA) Doppler indices were calculated.

Results: Placental volume was 296.93±108.08 and 399.12±135.08
cm3 in male and female groups, respectively (p=0.012). Mean gray
value of the placenta was 39.68±7.83 and 39.27±7.22 in male and
female groups, respectively (p=0.863). UA pulsatility index (PI)
was 1.03±0.21 and 1.00±0.24 in male and female groups (p=0.761)
and MCA PI was 1.84±0.85 and 2.16±0.67 in male and female
groups, respectively (p=0.197). Correlation analysis revealed that
placental volume was not correlated with the fetal weight at the
time of delivery (r=0.224, p=0.164). There was negative significant
relation between placental volume and UA PI (r=-0.401, p=0.006).

Conclusion: Female fetuses have larger placental volumes which
may contribute to get better results through the adverse maternal
environmental conditions. 

Keywords: Placental volume, 3D ultrasonography, gender-specif-
ic difference, VOCAL analysis.
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more common in male fetuses whereas hyperemesis
gravidarum and placental invasion anomalies were more
common in female fetuses.[2–7] Moreover, detection of
fetal Y-chromosomal sequences as early as 15–16 weeks
of gestation has presented the opportunity to define
preeclampsia before clinical syndrome occurs.[8,9] In addi-
tion, male fetuses had increased rates of cesarean section
and intrapartum fetal distress.[10]

Maternal serum human chorionic gonadotropine
(hCG) levels differed according to the fetal gender and
were increased more prominantly in male fetuses.[11,12]

Increased maternal serum hCG levels were found to be
associated with lower angiogenin levels in the amniotic
fluid, which suggested inadequate angiogenesis in male
fetuses.[13] Steier et al. hypothesized that hCG metabo-
lism differed according to the fetal sex and showed that
hCG elimination after delivery was different in male and
female newborns. During the first hour after the deliv-
ery, hCG eliminated more rapidly if the newborn was
male.[14]

Few studies conducted in order to discover any asso-
ciation between placental histology and fetal gender.
Regarding preeclamptic placentas, Naeye et al. showed
that female fetuses had excessive syncytial knots as a con-
sequence of low uteroplacental blood flow. With this
finding, they suggested that male fetuses caused a greater
maternal blood plasma volume expansion.[15] Regarding
preterm deliveries before 32 weeks of gestation, male
gender was shown to be related with chronic inflamma-
tory placental lesions which were suggestive for the
maternal immune response against the trophoblastic
invasion.[16]

The aim of this study was to evaluate the effect of
fetal gender in placental volume and placental mean gray
value assessed by three-dimensional (3D) ultrasono-
graghy.

Methods
This prospective case-control study consisted of 60
pregnancies who had ultrasound examinations between
January 2013 and June 2014 at our Perinatology
Outpatient Clinic. Institutional Ethics Committee
approved the study.

The study population consisted of 60 healthy single-
ton pregnancies during their third trimester and was
assigned into two groups as male and female fetuses
matched for the week of gestation and maternal age. The

male group consisted of 29 healthy singleton pregnan-
cies between 24 and 40 weeks of gestation (mean:
33.88±4.41 weeks). The female group included 31 sin-
gleton pregnancies aged between 24 and 40 weeks of
gestation (mean: 31.71±3.77 weeks). The inclusion crite-
ria were (1) the cases whose entire placenta could be seen
and (2) the gender of the fetus defined by sonographic
examination.

Gestational age was evaluated with the last menstru-
al period and confirmed by the early first trimester ultra-
sonography scans. Multiple pregnancies, women with
chronic systemic disease such as diabetes, vasculitis, con-
nective tissue disorder, hypertension/preeclampsia,
hepatic or renal failure, and pregnancies with fetal chro-
mosomal or structural anomaly were excluded from the
study.

Ultrasound examinations were performed using a
Voluson 730 Pro system with a RAB 3.5-MHz array
probe with a combination of power Doppler and 3D/4D
properties (GE Medical Systems, Milwaukee, WI, USA).
All examinations were carried out via transabdominal
probe by the same operator (H.G.P.). At that time, the
other operator (B.A.U.) was observing the entire placen-
ta scan and measurements independently.

2D gray scale ultrasound examinations were per-
formed for all patients in the study group for evaluating
fetal biometric measurements and placental localization
according to Hadlock et al.[17] After the visualization of
the entire placenta, we performed a 3D scanning with
the widest scanning angle (80°). After scanning the
region of interest (ROI), we used Virtual Organ

Fig. 1. Assessment of placental volume by VOCAL method.
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Computer-aided Analysis (VOCAL-II) imaging soft-
ware to assess the placental volume (cm3) (VOCAL set-
tings: manual trace, rotation angle: 30°)[18,19] (Fig. 1). The
mean gray value represented the videodensity of the pla-
centa as presented on the computer screen. It is
expressed as a percentage with a minimum value being 0
(minimum videodensity) and maximum value being 100
(maximum videodensity)[20,21] (Fig. 2).

Umbilical artery (UA) Doppler measurements were
obtained in the free loop.[22] Fetal mid-cerebral artery
Doppler evaluation was made by obtaining a fetal axial
section including fetal thalamic nuclei on the scan. Color
flow mapping was used to identify the circle of Willis.
The measurement was made on the proximal third of the
middle cerebral artery (MCA) where it is close to its ori-
gin in the internal carotid artery.[23] All Doppler wave-
forms were calculated only after obtaining three consec-
utive waveforms.

Statistical analysis was performed by using SPSS v.20
(SPSS Inc., Chicago, IL, USA). The results were
expressed in mean ± standard deviation (SD). A p value
less than 0.05 was regarded as statistically significant.
Student’s t-test for unpaired variables was used to evalu-
ate the group differences. Spearman’s correlation analy-
sis was conducted to investigate the relation between
placental volume, mean gray values of the placenta,
Doppler results and the week of gestation.

Results
Mean maternal age was 31.88±5.16 weeks and
29.14±6.21 weeks in male and female groups, respective-
ly (p=0.162). Mean gestational age was 33.88±4.41 weeks
and 31.71±3.77 weeks in male and female groups,
respectively (p=0.111). Placental volume was 296.93±
108.08 cm3 and 399.12±135.08 cm3 in male and female
groups, respectively (p=0.012) (Fig. 3). Mean gray value
of the placenta was 39.68±7.83% and 39.27±7.22% in
male and female groups, respectively (p=0.863). UA pul-
satility index (PI) was 1.03±0.21 and 1.00±0.24 in male
and female groups (p=0.761) and MCA PI was 1.84±
0.85 and 2.16±0.67 in male and female groups, respec-
tively (p=0.197) (Table 1).

Correlation analysis revealed that placental volume
was not correlated with the fetal weight at the time of
delivery (r=0.224, p=0.164). There was negative signif-
icant relation between placental volume and UA PI (r=
-0.401, p=0.006); UA resistance index (r=-0.423,

p=0.002); and UA systole/diastole ratio (r=-0.370, p=
0.006). Placental volume was not associated with pari-
ty, week of gestation, and mean gray value (r=0.175, p=
0.111; r=0.140, p=0.135; r=-0.025, p=0.783, respective-
ly) (Table 2). 

Discussion
Recent studies have suggested that the placental func-
tions differ according to the fetal gender.[1,24,25] Female
and male fetuses develop through different mechanisms
to get through the same adverse maternal environment
in utero. Female placenta typically makes adjustments
for longer survival if any adverse environmental change

Fig. 2. Assessment of the mean gray value.

Fig. 3. Placental volume assessed by 3D ultrasonography in male and
female fetuses.
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occurs.[1] Even vascularity and angiogenesis develop in a
gender-different manner.[16] From that point of view, we
hypothesized that placental volume and histogram may
have changed regarding the fetal sex. Our study group
comprised of the uncomplicated singleton pregnancies.
Female placental volumes were significantly larger,
although the measurements were performed approxi-
mately one week earlier in female fetuses. Our study is
the first one evaluating the placental volume and mean
gray value according to fetal gender.

Previous studies showed that male fetuses had poorer
placentation, poorer angiogenesis and poorer adaptation
mechanisms to adverse maternal conditions.[1,16] Recently,
Prior et al. evaluated 388 term pregnancies and reported
reduced MCA resistance and umbilical venous flow rates
without any significant difference in UA PI in male fetus-
es[26] Similarly, we found lower MCA PI in males; howev-
er this difference has not reached to a statistically signif-
icant level. UA PI was also similar in both sexes
(p=0.897). Prior et al. suggested that lower resistance in
cerebral circulation in male fetuses may be a fine clue of
the in-utero adaptation to the poor placentation.[26]

Placental volume may be a clue for healthy preg-
nancy, as recent studies showed that placental volume

decreased in placental insufficiencies such as
preeclampsia and intrauterine growth retardation and
increased in gestational diabetes mellitus.[18,27–32] We
found that male fetuses had significantly smaller pla-
cental volumes which may be a subtle suggestion for
poorer placentation in males. However, our sample
size –one of the limitation of our study– was relatively
small and although our preliminary results show signif-
icant difference, this finding must be confirmed with
larger studies. The other interesting preliminary result
of our study was the indifference of volumetric mean
gray value in both genders. Mean gray value describes
the videodensity of the placenta; increased mean gray
value means increased calcific tissue and decreased vas-
cularity. Regarding both genders, we found no differ-
ence. The other limitation of our study was the lack of
the data about the smoking status of the pregnant
women participated in the study. Recent studies
showed that smoking status had no effect on the pla-
cental volume.[33,34] However, it may have an effect on
the placental angiogenesis and volumetric mean gray
values. In the other hand, the advantage of our study
was the matched groups for the gestational age, parity
and maternal age.

Table 2. Correlation analysis of placental volume with the week of gestation, parity, umbilical artery PI, placental mean gray value and birth weight.

Placental volume Week of gestation Parity UA PI UA RI UA S/D Placental mean Birth 
gray value weight

r 0.140 0.175 - 0.401 -0.423 -0.370 -0.025 0.224

p 0.135 0.111 0.006* 0.002* 0.006* 0.783 0.164

*Statistically significant; PI: pulsatility index, RI: resistance index, S/D: Systole/diastole, UA: umbilical artery.

Table 1. Clinical data in healthy singleton Turkish pregnancies with male and female fetuses.

Pregnancies with Pregnancies with 
male fetuses female fetuses p

n=29 n=31

Maternal age (year) (mean±SD) 31.88±5.16 29.14±6.21 0.162

Parity (mean±SD) 1.06±1.03 0.71±1.10 0.330

Gestational age (week) (mean±SD) 33.88±4.41 31.71±3.77 0.111

Birth weight (gram) (mean±SD) 3160.0±709.67 3021.43±972.09 0.613

UA PI (mean±SD) 1.03±0.21 1.00±0.24 0.761

MCA PI (mean±SD) 1.84±0.85 2.16±0.67 0.197

Placental volume (cm3) (mean±SD) 296.93±108.08 399.12±135.08 0.012*

MGV (%) (mean±SD) 39.68±7.83 39.27±7.22 0.863

*p<0.05 significant; MCA: middle cerebral artery, MGV: mean gray value, PI: pulsatility index, SD: standard deviation, UA: umbilical artery.
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Conclusion
In conclusion, our preliminary results, as the new find-
ings in the literature, showed that male fetuses had sig-
nificantly smaller placental volumes which may be
associated with poorer placentation. This must be con-
firmed with larger studies. 

Conflicts of Interest: No conflicts declared.
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Introduction
Preeclampsia is still a leading cause of maternal morbid-
ity and mortality as well as perinatal morbidity and mor-

tality with an incidence varying from 2% to 8% depend-
ing on the selected population.[1] The delivery of the pla-
centa is the only therapy.[2] Especially remote from term,

Özet: Preeklampsinin a¤›rl›¤› ile ortalama 
trombosit hacmi ve trombosit da¤›l›m 
geniflli¤i iliflkisi
Amaç: Çal›flman›n amac› preeklamptik ve normotansif gebelerde
ortalama trombosit hacmi ve trombosit da¤›l›m geniflli¤i gibi
trombosit indekslerinin de¤iflimini de¤erlendirmektir. 

Yöntem: Klini¤imize 2012 Ocak ile 2013 Haziran aras›nda baflvu-
ran, anne yafl› ve gestasyonel hafta olarak efllefltirilmifl 45 preek-
lamptik ve 50 sa¤l›kl› normotansif tekil gebe çal›flmaya retrospek-
tif olarak dahil edildi. Hemoglobin seviyeleri, trombosit say›lar›,
ortalama trombosit hacmi ve trombosit da¤›l›m geniflli¤i verileri
de¤erlendirildi. 

Bulgular: Trombosit seviyeleri preeklamptik grupta 194.450±
67.240/mm3 ve normotansif grupta 232.860±65.260/ mm3 olarak bu-
lundu (p=0.029). Ortalama trombosit hacmi de¤erleri preeklamptik
grupta 10.20±1.25 ve normotansif grupta 9.91±1.95 fL olarak tespit
edildi (p=0.04). Trombosit da¤›l›m geniflli¤i de¤erleri preeklamptik
grupta 16.54±0.71 ve normotansif grupta 16.42±1.99 olarak gözlen-
di (p=0.650). Ortalama trombosit hacmi ve trombosit da¤›l›m genifl-
li¤i de¤erlerinin trombosit de¤erleri ile ters olarak iliflkili oldu¤u iz-
lendi (p<0.05). Ortalama trombosit hacmi ve ortalama arter bas›nc›
aras›nda çok güçlü olmasa da korelasyon oldu¤u izlendi. Ortalama
trombosit hacmi de¤erlerinin proteinüri ve preeklampsinin a¤›rl›¤›
ile korele oldu¤u gözlendi (p<0.05). Trombosit da¤›l›m geniflli¤i de-
¤erlerinin ayr›ca proteinüri ile korele oldu¤u tespit edildi (p<0.05).

Sonuç: Ortalama trombosit hacmi ve trombosit da¤›l›m geniflli¤i
de¤erleri preeklampsinin a¤›rl›¤› ile artmaktad›r. 

Anahtar sözcükler: Preeklampsi, trombosit, ortalama trombosit
hacmi, trombosit da¤›l›m geniflli¤i.
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Abstract

Objective: We aimed to evaluate the alterations of platelet indices
such as mean platelet volume and platelet distribution width in
preeclampsia and normotensive pregnant women. 

Methods: This retrospective evaluation consisted of 45 preeclamp-
tic pregnancies and 50 healthy singleton normotensive pregnancies
matched for the maternal age and week of gestation admitted to our
clinic between January 2012 and June 2013. The data regarding the
hemoglobin level, platelet count, mean platelet volume, and platelet
distribution width were analyzed. 

Results: Mean platelet count was 194.450±67.240/mm3 and
232.860±65.260/mm3 in preeclamptic and control groups, respective-
ly (p=0.029). Mean platelet volume values were 10.20±1.25 and
9.91±1.95 fL in preeclamptic and control groups, respectively
(p=0.04). Mean platelet distribution width values were 16.54±0.71 and
16.42±1.99 in preeclamptic and control groups, respectively
(p=0.650). Mean platelet volume and platelet distribution width val-
ues were inversely related with platelet counts (p<0.05). There was a
correlation, but not very strong, between mean platelet volume values
and mean arterial pressure. Mean platelet volume value was correlat-
ed with proteinuria, and so with the severity of preeclampsia (p<0.05).
Platelet distribution width values were also significantly correlated
with proteinuria (p<0.05). 

Conclusion: Mean platelet volume and platelet distribution width
values are increased with the severity of preeclampsia. 

Keywords: Preeclampsia, platelet, mean platelet volume, platelet
distribution width.
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proper timing of delivery is very important. Due to the
uncertain pathologic mechanism and challenging obstet-
rical complications, recent studies focused on new possi-
ble biomarkers for the prediction of preeclampsia earlier
rather than enhancing the pregnancy outcomes.[3–8]

Complete blood count (CBC) is a routine test which
gives information also about the platelet indices such as
mean platelet volume (MPV) and platelet distribution
width (PDW). Platelet consumption, increased platelet
turnover and sustained inflammation during the
preeclampsia development may cause some alterations in
platelet indices as well as the platelet count.[8] The avail-
ability and wide-spread use made the platelet indices
very popular with the hope of investigating preeclampsia
earlier.[8–10] The published data regarding the use of MPV
for preeclampsia prediction is controversial.[8–12]

In our study, we aimed to evaluate the platelet count,
MPV and PDW values in preeclampsia and define the
relation of these indices with the severity of the disease.

Methods
The study consisted of 45 preeclamptic pregnancies and
50 healthy singleton pregnancies admitted to our clinic
between January 2012 and June 2013. The diagnosis of
preeclampsia was made on the hypertension after 20
weeks of gestation (systolic blood pressure ≥140 mmHg
and/or diastolic pressure ≥90 mmHg on at least 2 occa-
sions 4–6 hours apart) and significant proteinuria (≥300
mg in 24 hours or ≥1+ on dipstick).[10,13] The mean arte-
rial blood pressure and proteinuria were used to describe
the severity of preeclampsia (systolic blood pressure
≥160 mmHg and/or diastolic pressure ≥110 mmHg
and/or proteinuria ≥2 g in 24 hours was described as
severe preeclampsia).

During the same period, control group matched for
age and week of gestation was selected. Women with
chronic diseases such as chronic hypertension, connec-
tive tissue disorders such as systemic lupus erythemato-
sus, rheumatoid arthritis, vasculitis, diabetes mellitus,
thrombophilia or pregnancies with multiple fetuses or
congenital fetal anomaly were excluded from the study.
The data regarding the maternal age, week of gestation,
hemoglobin level (Hb), platelet count, mean platelet vol-
ume (MPV), and platelet distribution width (PDW)
were evaluated. The maternal blood samples were taken
just after the admission to our clinic. All blood samples

were collected in tubes with EDTA (potassium ethylene-
diaminetetraacetate) which served as the anticoagulant
agent. All the blood samples were analyzed by the hema-
tology analyzer in two hours (MINDRAY BC-6800;
Shenzhen Mindray, Guangdong, China). The study was
approved by the Institutional Ethics Committee.

The statistical analysis was performed by using
SPSS version 20 (SPSS Inc., Chicago, IL, USA). t-test
was applied to evaluate the group differences.
Correlation analysis was performed in order to evalu-
ate the relation of MPV and PDW with blood pressure
and proteinuria. A two-tailed p value less than 0.05 was
regarded as statistically significant. The calculated sta-
tistical power was 0.75.

Results
Forty-five pregnancies were diagnosed as preeclamp-
sia. Fifty normotensive healthy singleton pregnancies
were regarded as the control group. Mean maternal
age was 29.02±5.24 years and 27.58±5.30 years in
preeclamptic and control groups, respectively
(p=0.203). The demographic data of the study popula-
tion is shown in Table 1. The mean week of gestation
was 34.97±4.28 and 35.56±3.45 in preeclamptic and
control groups, respectively (p=0.520). The mean par-
ity was 1.05±0.99 and 0.86±0.88 45 in preeclamptic and
control groups, respectively (p=0.340).

The platelet counts were 194.450±67.240/mm3 and
232.860±65.260/mm3 in preeclamptic and control
groups, respectively (p=0.029). MPV values were
10.20±1.25 fL and 9.91±1.95 fL in preeclamptic and
control groups, respectively (p=0.04). PDW values
were 16.54±0.71 and 16.42±1.99 in preeclamptic and
control groups, respectively (p=0.650) (Table 2). MPV
and PDW values were inversely related with platelet
counts (p<0.05). There was a correlation, but not very
strong, between mean platelet volume values and mean

Table 1. The demographic data of the study population.

Preeclampsia Normotensive p
group group
(n=45) (n=50)

Maternal age (mean±SD) 29.02±5.24 27.58±5.30 0.203

Week of gestation (mean±SD) 34.97±4.28 35.56±3.45 0.520

Parity (mean±SD) 1.05±0.99 0.86±0.88 0.340

SD: standard deviation
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arterial pressure. Mean platelet volume value was cor-
related with proteinuria, and so with the severity of
preeclampsia (p<0.05). PDW values were also signifi-
cantly correlated with proteinuria (p<0.05). Maternal
age and week of gestation seem to have no association
with MPV values (p>0.05). The correlation analysis is
shown at the Table 3.

Discussion
The existing data about MPV values for preeclampsia
prediction is controversial. Dundar et al showed that
MPV values increased during the pregnancy, which was
more prominent in preeclamptic women.[8] Dilutional
thrombocytopenia is responsible for the compensatory
increase in MPV and PDW values. In preeclampsia,
greater platelet consumption results in a prominent
increase in MPV.[11,12] However, some other authors
mentioned that there was no difference in MPV values
in preeclamptic and normotensive pregnancies.[9,10] In
agreement with Dundar et al., we found that MPV val-
ues were increased in preeclamptic patients.
Furthermore, the MPV and PDW values were signifi-
cantly correlated with the severity of the proteinuria.
MPV values were further related to the blood pressure.
The greater the mean arterial pressure, the greater were
the MPV values. Our findings were in accordance with
the suggestion that greater platelet consumption caused
significant increase in MPV values. 

We found that maternal age and week of gestation
had no significant effect on the platelet indices.
Recently, Hong et al mentioned that platelet indices
such as PDW and MPV were not much affected by the
age in women during the reproductive period. However,
they claimed that the race and region were main deter-
minants in their levels.[14] Besides, MPV and PDW val-
ues were slightly increased during the pregnancy, but
this was not statistically significant (p>0.05).

The conflicting data about platelet indices may be
due to various reasons: 
• Blood sample storage period: During blood stor-

age, MPV and PDW values change in a time-
dependent manner. Vagdatli et al. showed an
increase in MPV and a decrease in PDW values over
time.[15] In our study, all blood sampling were collect-
ed just after the admission to the hospital and all
samples were analyzed in two hours. 

• The anticoagulant agent in the blood sampling
tube: All blood samples in our study were collected
in tubes containing EDTA as the anticoagulant
agent. Different anticoagulant agents may also affect
the platelet indices.[15]

• The system used for measurement of MPV:
Different systems may affect the results up to 40%.[10]

In our study, all samples were analyzed with the same
system. However, this may explain the conflicting
data between different researchers from different
centers.

• The prior medical history and inflammatory sta-
tus of the subjects may also affect the results:
Cardiovascular risk factors like smoking status,
hypertension, dyslipidemia, diabetes affect the size of
platelets.[16] Apart from this, in inflammation via some
cytokines, the platelets size and volume alter differ-
ently: in low grade inflammatory disorders, by the
involvement of the large platelets in thrombi, MPV
values may increase. However, in high grade inflam-

Table 3. Correlation analysis of MPV and PDW with the severity of
preeclampsia.

SBP DBP MAP Proteinuria PLT

MPV r 0.374 0.294 0.351 0.291 -0.303
p 0.035 0.103 0.049 0.006 0.050

PDW r 0.253 0.298 0.291 0.473 -0.439
p 0.162 0.098 0.106 0.006 0.012

DBP: diastolic blood pressure, MAP: mean arterial blood pressure, MPV: mean
platelet volume, PDW: platelet distribution width, PLT: platelet, SBP: systolic blood
pressure.

Table 2. Laboratory analysis of peripheral blood samples in pree-
clamptic and normotensive pregnancies.

Preeclampsia Normotensive 
group group
(n=45) (n=50)

Hemoglobin (g/dl) 11.06±1.51 11.96±1.08
(mean±SD)

White blood count  12.05±4.24 12.00±4.95
(/mm3) (mean±SD)

Platelet (/mm3)) 194.450±67.240* 232.860±65.260*
(mean±SD)

MPV (fL) (mean±SD) 10.20±1.25* 9.91±1.95*

PDW (mean±SD) 16.54±0.71 16.42±1.99

*p<0.05; MPV: mean platelet volume, PDW: platelet distribution width, SD: stan-
dard deviation.
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matory conditions, the consumption of the large
platelets at the inflammation site cause a decrease in
MPV.[17]

• The ethnic origin and region even in the same
country may affect the platelet count and platelet
indices.[14]

The main limitation of our study was the retrospec-
tive design. The second limitation was the sample size.
Especially with greater sample size, a significant relation
also between blood pressure and PDW could be proba-
bly established. 

Conclusion
In conclusion, MPV and PDW were sensitive indica-
tors of platelet consumption. Probably with a compen-
satory mechanism to increased platelet consumption,
MPV and PDW values increased in preeclampsia. 

Conflicts of Interest: No conflicts declared.
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Introduction
It is intended to obtain a large number of embryos to
increase the pregnancy possibility of pregnancy in assist-
ed reproductive techniques (ART), and therefore low,
standard and high doses of gonadotropin treatments are
applied during ovulation induction considering the age,

ovarian reserve, body mass index (BMI) and response to
previous treatment cycles of case. Monozygotic (MZ)
twin pregnancy after ART was first reported by Yovich et
al.[1] in 1984. It was later reported in many studies that the
incidence of multiple pregnancies increased due to the
increasing use of ART treatments. MZ twin pregnancies

Özet: Tek embriyo transferi sonras› monokoryonik
kuadramniyotik dördüz gebelik
Amaç: Ço¤ul gebelikler, fizyolojik sikluslar ile karfl›laflt›r›ld›¤›nda
yard›mc› üreme tekniklerinin (YÜT) yayg›n olarak kullan›lmas›
nedeniyle son y›llarda artm›flt›r. Bildi¤imiz kadar›yla literatürde
birkaç olgu sunumunda üçüz gebelikler sunulmufl olsa da, bu olgu
YÜT sonras› tek embriyo transferi ile bildirilen üçüncü monozi-
gotik dördüz gebeliktir. 

Olgu: Otuz yafl›nda nullipar olgu, ikinci taze in-vitro fertilizasyon
siklusu için klini¤e baflvurdu. Foliküler aspirasyon esnas›nda sekiz
oosit topland›, bunlardan yedisine intrasitoplazmik sperm enjeksi-
yonu yap›ld› ve beflinci gün bir blastosist embriyosu transfer edil-
di. Transfer sonras› 12. ve 15. günlerde β-hCG düzeyleri s›ras›yla,
383 mIU/mL ve 1204 mIU/mL saptand›. Yaklafl›k üç hafta sonra
kontrole geldi¤inde, üreme t›bb› uzman› taraf›ndan transfer sonra-
s› 40. günde yap›lan transvajinal ultrasonografide tek gebelik kese-
si içerisinde bafl-popo mesafeleri 18.5 mm olan, fetal kardiyak ak-
tiviteleri saptanamayan dört adet fetüs gözlendi. Daha sonra küre-
taj ifllemi uyguland›. 

Sonuç: Monokoryonik dördüzlerde erken kay›p olas›l›¤› nedeniy-
le rutin kontrollerin s›klaflt›r›lmas› faydal› olacakt›r. 

Anahtar sözcükler: Yard›mc› üreme teknikleri, blastosist transferi,
monozigotik dördüz gebelik.
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Abstract

Objective: Multiple pregnancies have increased in recent years as
assisted reproductive technologies (ART) are used widely compared
to physiological cycles. To the best of our knowledge, although
triplet pregnancies were presented in few case reports in the litera-
ture, this is the third case reported as monozygotic quadruplet preg-
nancy by single-embryo transfer after ART. 

Case: Thirty-year-old nulliparous women admitted to our clinic for
second fresh in vitro fertilization cycle. Eight oocytes were collected
during follicular aspiration; intracytoplasmic sperm was injected to
seven of them and a blastocyst embryo was transferred on fifth day.
On 12th and 15th days after the transfer, β-hCG levels were
mIU/mL and 1204 mIU/mL, respectively. When she came for
examination three weeks later, reproduction specialist observed in
transvaginal ultrasonography performed on 40th day after transfer
that there were four fetuses in a single gestational sac which had no
fetal cardiac activity and 18.5 mm of crown-rump lengths. Curettage
procedure was performed afterwards. 

Conclusion: It would be beneficial to increase the frequency of rou-
tine checks due to the possibility of premature loss in monochorion-
ic quadruplets. 

Keywords: Assisted reproductive techniques, blastocyst transfer,
monozygotic quadruplet pregnancy.
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account for approximately 30% of naturally occurring
twin pregnancies. In fertilizations by ART, especially
after blastocyst embryo transfer, MZ twin frequency is
higher than spontaneous pregnancies.[2,3] Quadruplet
pregnancy is not common. MZ quadruplet pregnancy is
rarer, it is seen one in 10–15 million cases and only 28
cases documented in detail were reported in the entire
USA.[4] MZ quadruplet cases were also reported among
spontaneous pregnancies;[5] however, MZ quadruplet
pregnancy obtained by ART was reported only in two
cases. The first case was reported by Liu et al.[6] in 2010,
and second case was reported by Saravelos et al.[7] in 2016.
In this report, we aimed to present third monochorionic
quadramniotic quadruplet pregnancy case observed in
single-embryo transfer after ART. 

Case Report
Thirty-year-old nullipara case admitted to our clinic with
the complaint of four-year primary infertility. The infer-
tile couple was applied two cycles ovulation inductions
with gonadotropin and intrauterine insemination fol-
lowed by a cycle of fresh in vitro fertilization (IVF), but
no pregnancy was achieved. In second fresh IVF cycle,
stimulation was applied with GnRH antagonist (0.25 mg
Cetrotide; Merck Serono, Istanbul, Turkey) in short pro-
tocol and with daily 175 IU recombinant FSH (Puregon;
Organon, Istanbul, Turkey), as BMI was 31 kg/m2. Ten
days after starting stimulation, 10,000 IU human chori-
onic gonadotropin (hCG) (Pregnyl; Organon, Istanbul,

Turkey) was applied for last oocyte maturation. Serum
E2 level was 3.014 pg/mL on hCG day. Thirty-six hours
after hCG injection, eight oocytes, of which seven were
metaphase II, were collected under the guidance of ultra-
sonography. Intracytoplasmic sperm injection (ICSI) was
applied to seven oocytes, and a blast embryo was trans-
ferred on fifth day (Fig. 1). β-hCG levels after the trans-
fer were 383 mIU/mL on 12th day and 1204 mIU/mL on
15th day. Routine two-dimensional (2D) transvaginal
ultrasonography was applied by obstetrician/gynecologist
on 21st day after transfer. Approximately three weeks
later, on the 40th day of the transfer, the pregnant
woman was re-examined by reproduction specialist via
ultrasonography and it was observed that there were four
fetuses in a single gestational sac which had no fetal car-
diac activity and 18.5 mm of crown-rump lengths (CRL)
(Fig. 2). Uterine curettage was applied to the case. 

Discussion
Although a limited number of embryo transfers are done
after ART treatment to avoid multiple pregnancy, MZ
twin and triplet pregnancies are reported. Despite the
limited information on the reasons of MZ multiple preg-
nancies, it is known that maternal age, ovarian stimula-
tion, ICSI, in vitro embryo culture and zona pellucida
such as assisted hatching may contribute to the condi-
tion.[6–11] To the best of our knowledge, there are only two
MZ quadruplet pregnancy cases reported after ART
treatment. In the first case report, none of the embryos
had cardiac activities at 9th week[6] (Table 1). In the sec-
ond case report, the authors reported that they reduced
the condition to twin pregnancy by applying selective
fetal reduction via radiofrequency ablation method in two
sessions (163/7 weeks and 174/7 weeks), and delivered
the remaining fetuses by cesarean section at 356/7
weeks.[7] In their literature review consisting of 20 MZ
multiple pregnancy cases (≥3 fetuses) Saravelos et al.[7]

reported that they occurred after blastocyte transfer in
55% (11/20) of them and after cleavage phase transfer in
45 (9/20) of them. Behr et al.[10] claimed that a possible
explanation for MZ multiple pregnancies related with
blastocyte transfer could be the injury of zona pellucida
after long-term exposure to culture medium. Steinman et
al.[11] stated that low calcium concentrations in extended
culture mediums weakened intercellular connection
within internal cell mass and caused division in embryo.
Similar to this statement, the case in this report occurred
after blast embryo transfer.Fig. 1. Blast embryo transferred on fifth day.
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In fact, establishing the diagnosis of MZ multiple
pregnancies at early stages can be beneficial for ART. In
this case, we performed first imaging at 55/7 weeks. We

observed four fetuses in a single gestational sac and the
case revisited us for examination three weeks later.
Retrospective studies report that the number of aneu-

Fig. 2. (a-d) Transvaginal ultrasonography of pregnancy at 84/7 weeks: Four fetuses in gestational sac (monochorionic quadramniotic qua-
druplets; four of them cannot be seen in the same image).

Table 1. Monochorionic quadramniotic pregnancies after ART reported in the literature up to the present.

Publication Zona pellucida injury Embryonic stage Number of Pregnancy Approach Outcome

ICSI Assisted Embriyo embryos

hatching biopsy transferred

Liu et al., 2010 No No No Cleavage 2 MCQA - Low

Saravelos et al., 2015 Yes No Yes 4th day 1 MCQA Reduction MCDA
C/S at 356/7 week 

Karatafl et al., 2016 Yes No No Blastocyte 1 MCQA Termination

ICSI: intracytoplasmic sperm injection, MCDA: monochorionic diamniotic, MCQA: monochorionic quadramniotic

a b

c d
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ploid embryo increases as gonadotropin dose increases.
Rubio et al.[12] reported in the prospective study compar-
ing standard and low doses of gonadotropin regimes that
fertilization rate and normal blastocyte number chromo-
somally increased significantly despite the decrease in
oocyte number with low dose, and pregnancy and live
birth rates were similar. Since a few cases of MZ triplet
pregnancy and only 3 cases of quadruplet pregnancy
occurring after ART were reported in the literature, it is
hard to identify specific ART methods causing such cases.
Yet, the couples should be informed about the possibility
of MZ multiple pregnancy during ART cycle. Also, it
may be more appropriate to examine cases more fre-
quently under unclear conditions in particular.

Conclusion
Early diagnosis by ultrasonography and prenatal consul-
tation are very important to determine prognostic indi-
cators affecting perinatal outcomes in ART pregnancies.
Although such cases can be prepared for elective reduc-
tion procedure in the earliest period with strict follow-
up, embryonal-fetal loss possibility can be high due to
monozygosis. To the best of our knowledge, this is the
third case in the world reported as MZ quadruplet preg-
nancy by single-embryo transfer after ART. 

Conflicts of Interest: No conflicts declared.
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Introduction

Placenta percreta (PP) is a complication of placenta
previa and it is an advanced form of invasion anom-
alies.[1] Its most significant complication is the severe
vaginal bleedings that may develop before and after the

pregnancy. Complications that may develop as a result
are disseminated intravascular coagulation, adult respi-
ratory distress syndrome, renal insufficiency, emer-
gency surgical procedures and death.[2] While massive
hematuria which will cause deep anemia is rare during
pregnancy, it is potentially a life-threatening condition

Özet: Masif hematürili gebede plasenta perkreta:
Olgu sunumu
Amaç: Masif hematüri ile gelen 21 haftal›k gebede plasenta per-
kreta olgusunu literatür eflli¤inde paylaflmak. 

Olgu: Otuz iki yafl›nda, 5. gebeli¤i olan hasta hematüri flikayeti ile
klini¤imize yönlendirildi. Özgeçmiflinde 4 tane sezaryen ile do-
¤um d›fl›nda bir özellik yoktu. Ultrasonografisinde plasenta alt
segmente yerleflik ve 21 hafta ile uyumlu canl› bir gebelik saptan-
d›. Manyetik rezonans görüntüleme ve sistoskopi planland› fakat
hastan›n genel durumunda kötüleflme olmas› nedeniyle acil ope-
rasyona geçildi. Operasyonda mesane uterusa yap›fl›k izlendi. Ute-
rus fundustan vertikal kesi ile canl› bir k›z bebek do¤urtuldu. Me-
saneye invaziv damarlar›n kanamas› nedeniyle parsiyel sistektomi
yap›ld›. Uterus alt segmente parsiyel rezeksiyon uyguland›. Posto-
peratif 4. günde hastada mesane globu ve bat›na idrar kaça¤› olma-
s› nedeniyle daha büyük numaral› sonda tak›larak idrar drenaj› sa¤-
land›. Postoperatif 15. günde hasta taburcu edildi. 

Sonuç: Plasenta perkretan›n preoperatif tan›s› ve multidisipliner
yaklafl›m, komplikasyonlar›n baflar›l› bir flekilde yönetilmesi aç›s›n-
dan önemlidir. 

Anahtar sözcükler: Hematüri, plasenta perkreta, gebe.
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Abstract

Objective: We aimed to present placenta percreta case according to
the literature in a pregnant woman with massive hematuria who
admitted at 21 weeks of gestation. 

Case: Thirty-two-year-old patient who was pregnant for the fifth
time referred to our clinic. There was no significant condition on
her medical history except cesarean section for 4 times. In the ultra-
sonographic examination, the pregnancy consistent with 21 weeks
where live placenta located on lower segment was identified. We
planned magnetic resonance imaging and cystoscopy, but carried
out emergency operation due to the worsening in the general con-
dition of the patient. During the operation, we observed that blad-
der was attached to uterus. A living female baby was delivered
through a vertical incision from fundus of uterus. We performed
partial cystectomy due to the hemorrhage of invasive vessels. We
also applied partial resection on the lower segment of uterus. On
postoperative 4th day, we attached a bigger catheter for urinal
drainage since the patient had bladder glob and urine leakage into
abdomen. The patient was discharged on postoperative 15th day. 

Conclusion: Preoperative diagnosis of placenta percreta and multi-
disciplinary approach are significant in terms of the successful man-
agement of complications. 

Keywords: Hematuria, placenta percreta, pregnant woman.
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with its rates of maternal morbidity (9.5%) and perina-
tal mortality (24%).[3,4]

In this paper, we present a PP case with massive
hematuria due to advanced bladder invasion without
vaginal hemorrhage during early weeks of pregnancy. 

Case Report
Thirty-two-year-old patient who had the history of 4
cesarean sections referred to our clinic from emergency
service due to hematuria during her fifth pregnancy. She
had no condition in her medical history except 4 cesare-
an sections, and she was at 21 weeks of gestation accord-
ing to her last menstrual period. In her ultrasonography
(USG) examination, live pregnancy consistent with 21
weeks was identified. No anomaly was found in fetus.
Placenta located on lower segment and vascularization
increase through Doppler and bladder lines were
observed in USG (Fig. 1). USG examination showed a
view on bladder base consistent with hematoma. The
values of patient when admitted were 7.6 g/dL for
hemoglobin (Hgb), 22.5% for hematocrit (Hct),
118,000/mcL for thrombocyte (Plt), and 11,000/mcL
for leukocyte. The patient was treated for urinary tract
infection in the urology clinics of various hospitals for a
week before admitting to our hospital, and she was
referred to our clinic upon the severe bleeding in urinary
tract for the last 2 days. The patient did not have any
vaginal bleeding except urinary tract. The cervical length
was measured as 39 mm by USG. The patient was placed
bladder catheter and 1300 cc hematuric urine was dis-
charged at a time. Perioperative urology consultation
was requested. Magnetic resonance imaging (MRI) and

cystoscopy by urology were planned for the patient.
However, emergency operation indication was deter-
mined due to worsening in her general condition
(pulse: 125/min, blood pressure: 90/50 mmHg, Hgb:
5.6 g/dL, Hct: 19%, Plt: 84,000/mcL). The patient
and her relatives were informed in detail and their
written consents were obtained. The patient was taken
to blood transfusion guided operation. Under general
anesthesia, we entered into the abdomen with
Pfannenstiel incision. The bladder was observed as
fixed to the anterior wall of uterus (Fig. 2). We deliv-
ered a 400 g living female baby which had an APGAR
score of 0–2 through vertical incision from fundus of
uterus. Before removing placenta, we tried to dissect
the bladder. We clasped and attached the vessels which
were invasive and bleeding from uterus to bladder.
Placenta started to bleed actively from anterior wall of
uterus. Intraoperative urology consultation was
requested. We removed the placenta and with the help
of urologist, we dissected the posterior wall of bladder
from uterus up to vagina. We incised the bladder to the
posterior surface, discharged hematoma in bladder
lumen, and found urethral orifices. We performed par-
tial cystectomy due to active bleeding of great invasive
vessels on posterior surface of bladder (Fig. 3). We did
square sutures by performing partial resection on
lower segment of uterus. We closed the fundus of
uterus with z-shaped sutures. We completed the oper-
ation by placing drain into Douglas pouch.

During perioperative period, we administered 12 U
erythrocyte suspension and 4 units of frozen plasma to
the patient. We took the patient to the clinic from
intense care unit on postoperative 3rd day. On the
fourth day, we found that the patient had bladder glob
and urine leakage into abdomen as well as elevated
CRP (the sample taken from drain showed that urea
was 268 mg/dL and creatinine was 18.3 mg/dL). The
catheter of the patient was replaced with foley catheter
(20 Fr), which was greater in size, and urine drainage
was re-established by bladder irrigation. Broad spec-
trum antibiotic was initiated for the patient. Urea and
creatinine levels were normal in the serous fluid com-
ing from the drain on postoperative 7th day. As blad-
der contours were regular and there was no extravasa-
tion from bladder in the cystogram performed on post-
operative 15th day, the catheter of patient was removed
and she was discharged from the hospital. Fig. 1. Observing invasion region in Doppler USG.
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Discussion
Placental adhesion anomalies are classified according to
the depth of myometrial invasion. While the villi are
partially invasive into myometrium in placenta accrete
and increta, they penetrate up to uterine serosa in perc-
reta.[5] Although general incidence of PP is quite low, it
is estimated to increase in the coming years in parallel to
the increase of deliveries by cesarean section.[6]

Ultrasonography, MRI and cystoscopy are signifi-
cant procedures for the diagnosis of placenta percreta.[7]

The prenatal diagnosis of placental adhesion anomalies
is established by the presence of characteristic findings
in USG examination, placental lacunar pouches, irregu-
larity in the border between bladder and myometrium
and the loss of deciduas layer. In Doppler USG, turbu-
lent blood flows from placenta up to peripheral tissues
may be observed. The sensitivity and specificity of USG
in diagnosis are 80% and 95%, respectively.[7,8] MRI can

be beneficial when ultrasound findings are unclear. In
MRI, the loss of decidua layer between placenta and
myometrium can be detected.[7] In our case, we planned
MRI to evaluate bladder invasion better, but could not
carry out due to the worsening in the general condition
of the patient.

Placenta percreta seen together with bladder invasion
can be noticed mostly during delivery. Macroscopic
hematuria is a finding seen only in 25% of cases detect-
ed to have bladder invasion.[3] The lesion reaching from
the posterior wall of bladder to lumen can be usually seen
in cystoscopic examination. While cystoscopy is recom-
mended in the presence of hematuria, a literature review
study reported that diagnosis could not be established in
12 of 54 PP cases with bladder invasion who underwent
cystoscopy. In addition, they reported that performing
cystoscopy during surgery may help to determine the
severity of bladder or urethral involvement.[9] After
obstetric USG examination, we considered that the

Fig. 2. Bladder fixed to the anterior wall of uterus. Fig. 3. Region performed partial cystectomy on posterior sur-
face of bladder.
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hematuria was associated with PP and we planned cys-
toscopy to be done by urology clinic to evaluate bladder
invasion; however, we could not perform due to the
worsening in the general condition of the patient. On the
other hand, we found no urethral involvement by per-
forming cystotomy during surgery. We carried out cys-
tectomy by identifying deep invasion areas on the dome
of bladder and posterior surface. We considered that the
presence of urine leakage into abdomen on postoperative
4th day was associated with the bladder glob caused by
the blockage of catheter with small size. We re-estab-
lished urine drainage by placing Foley catheter with
greater size (20 Fr) and irrigating the bladder.

As the placental adhesion anomalies are the common
reasons for peripartum hysterectomies, establishing the
diagnosis during preoperative period is significant in
terms of informing patient in detail and taking precau-
tions required to decrease massive bleeding, morbidity
and mortality which may be associated with clinical con-
dition.[2] The literature reports a PP case which referred
with massive hematuria but the diagnosis was overlooked.
Hysterectomy and partial cystectomy were performed to
the patient due to PP with missed diagnosis, and hypov-
olemic shock (and massive blood transfusion need
accordingly) and convulsion attacks were observed in the
patient during postoperative period.[10]

The possibility of complications such as massive
blood transfusion, infection, perinatal death, maternal
death, urethral ligation or fistula formation and sponta-
neous uterine rupture is quite high in placenta percreta
cases.[10,11] Therefore, PP monitoring should be carried
out with a multidisciplinary approach by a team consist-
ing of experts from obstetrics, anesthesiology and intense
care, radiology, urology and hematology clinics.[4,12]

In our case, establishing PP diagnosis before oper-
ation and acting together with the clinics of obstetrics,
urology, anesthesia-intense care and hematology were
effective to prevent hysterectomy and other major
complications.

Conclusion
Preoperative diagnosis of placenta percreta and multi-
disciplinary approach are very important for successful

management of complications associated with percreta
before, during and after the operation. 
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Introduction
Spontaneous pneumomediastinum and pneumothorax
are the reasons for rare chest pain and dyspnea develop-
ing during delivery. Subcutaneous emphysema may also
be observed.[1] It was first defined by Louis Hamman in
1945.[2] It is therefore also known as Hamman’s syn-
drome. It is a quite rare condition. Approximately 200
cases were reported in the world and its estimated inci-
dence is 1/100,000.[3,4] Despite its terrifying clinical find-
ings, it is mostly benign and self-limiting.[3,5] The most
common symptom is chest pain. Dyspnea, coughing and

palpitation are the additional symptoms. The final diag-
nosis is established radiologically. Although the progress
of the disease is mostly benign, it may be combined with
severe diseases with higher morbidity and mortality such
as pulmonary embolism, amniotic fluid embolism,
myocardial infarction and aortic dissection. In this case
report, we aimed to discuss the case of spontaneous
pneumomediastinum and pneumothorax developed
after vaginal delivery of a primigravida 18-year-old
woman at 40 weeks of gestation and the diagnosis and
treatment methods of such cases. 

Özet: Vajinal do¤um sonras› geliflen spontan 
pnömomediastinum ve pnömotoraks
Amaç: Vajinal do¤um sonras› meydana gelen spontan pnömoto-
raks ve pnömomediastinum olgusunun sunulmas› amaçlanm›flt›r. 

Olgu: Primigravid 40 haftal›k gebeli¤i olan 18 yafl›ndaki hastada
vajinal do¤umdan iki saat sonra nefes darl›¤› ve gö¤üs a¤r›s› izlen-
di. Pulmoner emboli flüphesi ile hasta tetkik edildi. Kan gaz› al›n-
mas›, akci¤er grafisi ve akci¤er tomografisi çekilmesi sonucunda
hastada hipokarbi, mediastende ve sa¤ plevrada hava izlendi. Has-
taya spontan pnömotoraks ve pnömomediastinum tan›s› kondu.
‹stirahat, oksijen tedavisi ve antibiyoterapi gibi destek tedavileriy-
le iki gün takip edildikten sonra flifa ile taburcu edildi. 

Sonuç: Do¤um sonras› spontan pnömomediastinum ve pnömoto-
raks ender görülen, ço¤unlukla selim seyirli ancak yine de ölümcül
potansiyeli olan bir komplikasyondur. Nefes darl›¤›, gö¤üs a¤r›s›,
cilt alt› amfizem gibi durumlar da ay›r›c› tan›da göz önünde tutul-
mal›d›r. 

Anahtar sözcükler: Pnömotoraks, pnömomediastinum, do¤um.
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Abstract

Objective: We aimed to present spontaneous pneumomediastinum
and pneumothorax developing after vaginal delivery. 

Case: Dyspnea and chest pain were observed in 18-year-old primi-
gravida patient with 40 weeks of gestation 2 hours after vaginal
delivery. She was examined with the suspicion of pulmonary
embolism. After blood gas analysis, chest radiography and pul-
monary CT scan, hypocarbia and air in mediastinum and pleura of
the patient. The patient was established with the diagnosis of spon-
taneous pneumomediastinum and pneumothorax. She was moni-
tored for two days with supportive care such as resting, oxygen
treatment and antibiotherapy, and discharged with full recovery. 

Conclusion: Spontaneous pneumomediastinum and pneumothorax
after delivery are rare complications with mostly benign progress yet
with fatal potential. Cases such as dyspnea, chest pain and subcuta-
neous emphysema should also be considered in differential diagnosis. 

Keywords: Pneumothorax, pneumomediastinum, delivery.
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Case Report
Eighteen-year-old primigravida woman at 40 weeks of
gestation was hospitalized upon her pain complaints. It
was observed in her vaginal examination that cervical
opening was 2 cm and effacement was narrow. Upon
the detection of contractions, she was taken to labor fol-
low-up. In the ultrasonography, the baby was seen at
vertex presentation. There was no abnormal finding in
the systemic examination of the patient. She had no
smoking history or any known lung disease. She did not
have any additional disease or surgical history.
According to her anamnesis, she had regular gestation-
al follow-up visits and had normal follow-ups. After 6
hours following labor follow-up, she delivered 3550 g
live female baby via mediolateral episiotomy. Kristeller
maneuver was not performed during delivery. While no
problem was detected during postpartum follow-ups of
the patient, dyspnea and chest pain were observed in
the postpartum second hour. No emphysema finding
was found in chest and neck examination. Both lungs
were participating in respiration equally, and lung and
heart sounds were normal. No fluid or hematoma was
observed in the abdomen during bedside abdominal
ultrasonography. There was no swelling, temperature
increase or rash in either leg. Arterial blood gas was col-
lected from the patient and chest radiography was done
(Fig. 1). Oxygen saturation was 90, blood pressure was
110/70 mm/Hg and the pulse was 95 per minute. It was
found that the patient was tachypneic and respiratory
rate was 28 per minute. Oxygen treatment was initiated
as 4 l/m. Oxygen saturation was 95%, pO2 was 86
mmHg, and PCO2 was 20 mmHg. Electrocardiography
(ECG) was performed. No pathological finding was
found in ECG. The consultation of Chest Diseases
Clinic was requested with the suspicion of pulmonary
embolism. Since there was no distinct pathological
finding in chest radiography and persistence of her
complaints despite the oxygen therapy, thoracic CT
scan was done upon the recommendation of the pulmo-
nologist. Pneumomediastinum and pneumothorax were
detected (Fig. 2). The patient was administered 100%
oxygen therapy and prophylactic antibiotic treatment
with 1st generation cephalosporin. Upon the regression
of symptoms during the follow-ups, the patient was
monitored via daily chest radiography at Thoracic
Surgery Clinic, and she was discharged 2 days later with
full recovery.

Discussion
While pneumomediastinum is defined as the presence of
air in mediastinum, pneumothorax is defined as the col-
lection of air in the pleural layers. It may develop spon-
taneously as well as depending on trauma, surgical inter-
vention and pulmonary diseases.

Spontaneous pneumomediastinum is a rare compli-
cation of normal vaginal delivery. The disease mostly
develops in the second phase of delivery in young,
healthy and primigravida pregnant women. However, in
our case, its findings were observed at postpartum sec-
ond hour.

A few theories tried to explain the reasons of spon-
taneous pneumomediastinum. The most widely
accepted theory is the marginal alveolar ruptured
depending on the increased alveolar pressure due to
the reasons such as potent and repeating Valsalva
maneuver at second phase of delivery, vomiting and
screaming.[6] Also, dissection of the sheath of vascular
structures which cannot accommodate with increased
alveolar pressure creates an airflow towards medi-
astinum, and the air collected in mediastinum moves to
subcutaneous and retroperitoneal areas through fascial
planes. Due to the settlement of airflow into the space
between visceral and pleural peritoneum, pneumotho-
rax may accompany.[7,8]

Fig. 1. Chest radiography.
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Chest pain as the most common symptom is fol-
lowed by other symptoms such as coughing, dyspnea,
palpitation, dysphagia, sensation of obstruction in
throat and hoarseness. Feeling crackling in the neck
region of the patient when palpating is also pathogno-
monic. The finding of typical physical examination is
the sound of crackling on the anterior surface of chest,
which is simultaneous with the cardiac peak time, dur-
ing auscultation, also known as Hamman’s sign.[6,7,9]

Our case had chest pain and dyspnea. She had no sub-
cutaneous emphysema.

Spontaneous pneumomediastinum should not be
confused with pneumothorax, interstitial emphysema
and pneumopericardium which require specific manage-
ment. The diagnosis of spontaneous pneumomedi-
astinum should be established as soon as possible, and
tension pneumothorax which may pose a fatal threat for

patient, esophageal rupture, myocardial infarction,
amniotic fluid embolism, pulmonary embolism and aor-
tic dissection should certainly be considered in differen-
tial diagnosis.[10,11] We investigated our case by keeping
pulmonary embolism in mind.

The primary diagnostic tool for spontaneous pneu-
momediastinum and pneumothorax is direct chest radi-
ography. CT scan should be referred when chest radiog-
raphy is insufficient or for the confirmation of other clin-
ical diagnoses. CT scan shows both the less amount of
air in mediastinum and the penetration of subcutaneous
emphysema.[12] In our case, we did not observe any
pathology in the chest radiography and we established
the final diagnosis by CT scan.

Hamman’s syndrome mostly has benign progress.
The treatment for spontaneous pneumomediastinum is
mostly analgesia, oxygen support and sedation. With

Fig. 2. (a) Arrow heads: pneumothorax, arrow: pneumomediastinum; (a–c) Arrows: pneumomediastinum.

a b

c
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support care, the clinical condition regresses mostly
within 2 weeks. In our case, the clinical progress was
benign and the patient did not require any intervention-
al procedure.

The disease usually does not repeat and it was report-
ed that follow-up is not needed.[13] However, even rarely,
repeating cases were reported.[14]

Conclusion
Spontaneous pneumomediastinum and pneumothorax
are the conditions with fatal potential even they were
self-limited in our case. In symptoms such as postpartum
retrosternal pain and dyspnea, pneumothorax and pneu-
momediastinum should also be remembered in differen-
tial diagnosis.  
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