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İDİD

Özet: Fetal geliflim k›s›tl›l›¤› ile komplike 
gebeliklerde fetal adrenal bez boyutlar›n›n 
incelenmesi
Amaç: Fetal geliflim k›s›tl›l›¤› olgular›nda fetal adrenal bez boyut-
lar›n›n ölçülmesi ve gebelik haftas› ile uyumlu geliflim gösteren fe-
tüsler ile karfl›laflt›r›lmas› amaçland›. 

Yöntem: Gebeli¤in 24–34 haftalar› aras›nda, fetal geliflme k›s›tl›-
l›¤› tan›s› alan 44 olgu çal›flma grubu olarak ve benzer gebelik haf-
talar›nda gebelik haftas› ile uyumlu geliflim gösteren 44 olgu ise
kontrol grubu olarak çal›flmaya dahil edildi. Olgular›n fetal adre-
nal bez boyutlar› fetal abdomenin transvers kesitinde incelendi. 

Bulgular: Çal›flma ve kontrol gruplar› aras›nda maternal yafl, gra-
vida, parite, vücut kitle indeksi ve tan› an›ndaki gebelik haftas› aç›-
s›ndan anlaml› fark saptanmad› (p>0.05). Fetal adrenal bez toplam
uzunlu¤u, toplam geniflli¤i ve korteks geniflli¤i z-skorlar› çal›flma
grubunda kontrol grubuna göre istatistiksel olarak anlaml› flekilde
yüksek saptand› (p<0.001). Fetal adrenal bez medulla geniflli¤i z-
skoru ise çal›flma grubunda kontrol grubuna göre istatistiksel ola-
rak anlaml› flekilde düflük saptand› (p<0.001). Fetal adrenal bez
medulla uzunlu¤u z-skoru aç›s›ndan gruplar aras›nda anlaml› fark
yoktu (p>0.05). 

Sonuç: Fetal geliflim k›s›tl›l›¤› tan›l› olgularda fetal adrenal bez
boyutlar›nda gözlenen de¤iflikliklerin uteroplasental yetmezli¤e
ba¤l› kronik hipoksinin bir sonucu oldu¤u ve uzun dönem olum-
suz sa¤l›k sonuçlar› ile iliflkili kötü fetal programlaman›n da bir bi-
lefleni oldu¤u düflünülebilir. 

Anahtar sözcükler: Fetal adrenal bez, fetal geliflim k›s›tl›l›¤›, hipo-
talamo-hipofiz-adrenal aks.
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Abstract

Objective: We aimed to measure fetal adrenal gland sizes in the cases
of intrauterine growth restriction and to compare them with the fetus-
es growing consistent with the week of gestation. 

Methods: Forty-four cases diagnosed with intrauterine growth
restriction between 24 and 34 weeks of gestation were included in
the study as the study group and 44 cases in the similar weeks of ges-
tation and growing consistent with the week of gestation were
included in the study as the control group. The fetal adrenal gland
sizes of the cases were examined in the transverse sections of fetal
abdomens. 

Results: No significant difference was found between the study and
control groups in terms of maternal age, gravida, parity, body mass
index and the week of gestation during diagnosis (p>0.05). The z-
scores of total length, total width and cortex width of the fetal adre-
nal glands were higher in the study group than the control group
which was statistically significant (p<0.001). The z-scores of the
medulla width of the fetal adrenal glands were lower in the study
group than the control group which was statistically significant
(p<0.001). There was no significant difference between the groups
in terms of the z-scores of the medulla length of the fetal adrenal
glands (p>0.05). 

Conclusion: It is possible to consider that the changes observed in
the fetal adrenal gland sizes of the cases diagnosed with intrauterine
growth restriction is a result of chronic hypoxia associated with
uteroplacental failure and a component of poor fetal programming
associated with the long-term poor health outcomes.

Keywords: Fetal adrenal gland, intrauterine growth restriction,
hypothalamic-pituitary-adrenal axis.
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Introduction
Fetal adrenal gland is the greatest endocrine organ in the
fetal life producing mineralocorticoid, glucocorticoid and
androgen beginning from the early period of fetal devel-
opment.[1,2] It is thought that the steroid hormones syn-
thesized in the fetal adrenal gland have a regulatory role
on intrauterine homeostasis, fetal organ maturation and
the onset of labor.[3] The activation of hypothalamic-pitu-
itary-adrenal (HPA) axis is required for the synthesis of
steroid hormone in the fetal adrenal gland.[1]

Intrauterine growth restriction (IUGR) is used to
define the fetuses which are unable to achieve their
potential growth due to fetal, placental or maternal fac-
tors.[4] Intrauterine growth restriction due to uteroplacen-
tal failure is an important reason of perinatal morbidity
and mortality.[5] On the other hand, structural, physiolog-
ical and metabolic compliance mechanisms step in as a
response to uteroplacental failure and chronic hypoxia.
These compliance mechanisms developing as a response
to the poor intrauterine environment are associated with
the long-term health problems.[6]

Since it was reported[7] that intrauterine chronic fetal
stress has an activating impact on the hypothalamic-pitu-
itary-adrenal axis, our study aimed to measure fetal adre-
nal gland sizes in the cases of intrauterine growth restric-
tion due to uteroplacental failure characterized with
chronic hypoxia and to compare them with the fetuses
growing consistent with the week of gestation. 

Methods
In this cross-sectional study, 44 cases complicated with
intrauterine growth restriction between 24 and 34 weeks
of gestation were reviewed as the study group. Forty-
four cases whose growths were consistent with the week
of gestation, did not have any additional obstetric com-
plication, delivered at term, and at the similar weeks of
gestation were reviewed as the control group. The
approval of this study was obtained from the Ethics
Committee of Kanuni Sultan Süleyman Research and
Training Hospital of the University of Health Sciences
with the decision number 2017.1.3. The informed con-
sents of all cases were collected through the informed
consent forms before including them in the study. The
weeks of gestation of the cases included in the study
were determined according to the first day of their last
menstrual period and they were confirmed by the first
trimester crown-rump length (CRL) measurement. The

diagnosis of intrauterine growth restriction was estab-
lished by measuring the estimated fetal weight (EFW)
below the 3rd percentile. In cases with EFW between
3rd and 10th percentile, the diagnosis of intrauterine
growth restriction was established when the pulsatility
index (PI) of umbilical artery was above 95th percentile
or the cerebroplacental rate was below 5th percentile or
the mean PI of uterine artery was above 95th per-
centile.[8] The presence of multiple pregnancy, the pres-
ence of fetal structural or chromosomal anomaly, unre-
liable pattern of fetal heartbeat, smoking habit, the pres-
ence of morbidity accompanied by the maternal morbid-
ity (chronic hypertension, preeclampsia, diabetes,
chronic renal disease) were determined as the exclusion
criteria. All fetal ultrasonographic examinations were
carried by a single clinician (BK) by using Voluson 730
and Voluson E6 (GE Medical Systems, Milwaukee, WI,
USA) ultrasonography devices. After the fetal anatomi-
cal examination, fetal biometry measurement, amniotic
fluid measurement, and Doppler measurements of
umbilical artery, middle cerebral artery, ductus venosus
and uterine artery were carried out. Fetal adrenal gland
was displayed on the transverse cross-section, the image
was enlarged before the measurements, and total length
and width of fetal adrenal gland and the length and
width of medulla were measured (Figs. 1 and 2). Cortex
width (the half of the difference between total width and
medulla width) and the ratio of total width and medulla
width was calculated.[9,10]

The clinical management of the cases was conducted
independent of fetal adrenal gland measurements and
without the participation of the clinician who carried out
ultrasonographic measurements. The demographic and
obstetric characteristics of the cases were recorded. The
week of gestation during labor, birth weight, the dura-
tion between diagnosis week and delivery week, 1-
minute and 5-minute Apgar scores, and the hospitaliza-
tion duration at the newborn intensive care unit were
reviewed as perinatal outcomes.

Mean, standard deviation, median, minimum and
maximum values were used as descriptive statistics.
Two variables presenting compliance with the normal
distribution were compared by Student’s t-test. Two
variables not presenting compliance with the normal
distribution were compared by Mann-Whitney U test.
Spearman’s rho correlation analysis was used to ana-
lyze the relationship between two constant variables
not presenting compliance with the normal distribu-
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tion. Statistically significant level was determined 0.05.
MedCalc version 12.7.7 (MedCalc Statistical Software
bvba, Ostend, Belgium) was used for the statistical
analysis of the data.

Results
The demographic and clinical characteristics and gesta-
tional outcomes of the cases included in the study are
shown in Table 1. There was no significant difference

Fig. 1. Imaging fetal adrenal gland in the transverse cross-section.
The medulla width (1) and total width (2) measurements of
the fetal adrenal gland in the 28-week and 6-day fetus gro-
wing consistent with the week of gestation. 

Fig. 2. Imaging fetal adrenal gland in the transverse cross-section.
The medulla length (1) and total length (2) measurements
of the fetal adrenal gland in the 28-week and 6-day fetus
growing consistent with the week of gestation. 

Table 1. Demographic and clinical characteristics and gestational outcomes of the cases. 

Intrauterine growth restriction  Control group
(n=44) (n=44) p-value

Maternal characteristics
Year (year) 26.8±6.1 28.1±5.6 0.219
Gravida (n) 2 (1–8) 2 (1–5) 0.114
Parity (n) 1 (0–3) 1 (0–3) 0.180
Body mass index (kg/m2) 26.9±5.3 26.8±3.2 0.481

Ultrasonographic characteristics
Week of gestation during diagnosis (week) 30.9±2.1 30.5±2.5 0.496
Estimated fetal weight (g) 1284.4±358.2 1641±488.6 <0.001
Single deepest pocket of amniotic fluid (cm) 3.8±0.7 4.6±0.8 <0.001
Umbilical artery PI 1.1±0.3 0.9±0.1 0.038
Middle cerebral artery PI 1.7±0.4 1.9±0.4 0.129
Cerebroplacental ratio 1.7±0.6 2±0.5 0.021
Ductus venosus PI 0.5±0.2 0.5±0.1 0.789
Mean uterine artery PI 1.1±0.5 0.8±0.2 0.016

Gestational outcomes
Week of labor (week) 35.8±2.8 38.8±0.9 <0.001
Period between diagnosis and labor (week) 4.8±3 8.3±2.7 <0.001
Birth weight (g) 1960.1±551.3 3267.3±328.9 <0.001
1-minute Apgar 9 (2–9) 9 (6–9) 0.173
5-minute Apgar 10 (5–10) 10 (9–10) 0.139
Hospitalization at the newborn intensive care unit (day) 2 (0–120) 0 <0.001

PI: pulsatility index. The data are presented as mean ± standard deviation and median (minimum–maximum).
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between the study and control groups in terms of mater-
nal age, gravida, parity, body mass index and the week of
gestation during diagnosis (p>0.05). The week of gesta-
tion during labor, the period between diagnosis and labor
and birth weight were lower in the study group than the
control group in a statistically significant manner
(p<0.001). Statistically significant difference was not
found between the groups in terms of 1-minute and 5-
minute Apgar scores (p>0.05). Fetal umbilical artery and
mean uterine artery pulsatility indexes were higher in the
study group in a statistically significant manner and cere-
broplacental ratio was significantly lower in the study
group (p<0.05).

The fetal adrenal gland measurements of the cases
are shown in Table 2. The z-scores of fetal adrenal
gland total length, total width and cortex width were
higher in the study group than the control group in a
statistically significant manner (p<0.001). The z-score
of the ratio of total width and medulla width was also
significantly higher in the study group (p<0.001). The
z-score of fetal adrenal gland medulla width was lower
in the study group than the control group in a statisti-
cally significant manner (p<0.001). There was no sig-
nificant difference between the groups in terms of the
z-score of fetal adrenal gland medulla length (p>0.05).

When the correlation between the fetal adrenal
gland measurements and the weeks of gestation was
reviewed in the study group, the control group and all
cases included in the study, it was seen that there was a
statistically significant positive correlation between the

fetal adrenal gland measurements and the weeks of ges-
tation (p<0.001) (Table 3).

Discussion
Our study aimed to investigate the fetal adrenal gland
sizes in the pregnancies complicated with intrauterine
growth restriction. We hypothesized in our study that
the chronic intrauterine hypoxia may cause an increase
in the fetal adrenal gland sizes with the activation of
hypothalamic-pituitary-adrenal axis in the presence of

Table 2. Fetal adrenal gland measurements of the cases. 

Intrauterine growth restriction  Control group
(n=44) (n=44) p-value

Z-score of total length   0.78 -0.65 <0.001

(-1.08–2.67) (-1.62–0.61)

Z-score of total width  0.67 -0.47 <0.001

(-1.73–2.59) (-1.97–0.79)

Z-score of medulla length 0.3 -0.04 0.607

(-2.21–2.06) (-1.58–1.81)

Z-score of medulla width -0.52 0.49 <0.001

(-2.22–1.85) (-1.2–2.86)

Z-score of cortex width 0.81 -0.73 <0.001

(-0.97–2.47) (-1.95–0.26)

Z-score of total width / 0.61 -0.81 <0.001

medulla width (-0.22–4.34) (-1.45–0.04)

Table 3. The analysis of the correlation between fetal adrenal gland
measurements and the week of gestation.

All cases  Control group  
(n=88) (n=44)

Z-score of  r=.709 r=.932

total length p<.001 p<.001

Z-score of  r=.701 r=.854

total width p<.001 p<.001

Z-score of  r=.841 r=.929

medulla length p<.001 p<.001

Z-score of  r=.542 r=.792

medulla width p<.001 p<.001

Z-score of  r=.536 r=.755

cortex width p<.001 p<.001

Z-score of total width /  r=.168 r=.362

medulla width p=.118 p<.001

r: Spearman's rho correlation analysis.
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intrauterine growth restriction associated with placen-
tal failure. Consistently with our hypothesis, we found
that the total adrenal gland length, total adrenal gland
width and cortex width were significantly higher in the
fetuses with intrauterine growth restriction than the
fetuses growing consistent with the week of gestation.

Fetal adrenal gland is seen as an oval structure con-
sisting of a peripheral hypoechoic field and central
echogenic line in the sonography. As a result of prena-
tal ultrasonography and postmortem histological stud-
ies, it is considered that the peripheral hypoechogenic
field is created by the adrenal cortex and the central
echogenic line is created by the inner side of adrenal
cortex together with the medulla.[11] Relatively greater
fetal adrenal gland sizes in the intrauterine period
enables to display it on the upper pole of fetal kidneys
by prenatal ultrasonography. The sensitivity of the
sonographic measurements of fetal adrenal gland,
which is shown to have a role on the onset of both
mature and preterm labors,[12] for the prediction of
preterm labor has been investigated in many stud-
ies.[9,13,14] Besides, the impacts of hyperinsulinemia in the
presence of maternal diabetes on the function and
morphology of adrenal gland have been assessed in
various studies.[3,15]

The impacts of intrauterine growth restriction due
to placental dysfunction on the fetal adrenal gland were
investigated in the animal models. These studies found
increases in the hormone synthesis of fetal adrenal
gland, the weight of adrenal gland and plasma cortisol
levels.[16,17] Mohajeri et al.[18] investigated the total adre-
nal gland volume and adrenal gland’s fetal regional vol-
ume in the fetuses with intrauterine growth restriction,
and found that the total adrenal gland volume in the
fetuses with IUGR was significantly higher than the
control group and adrenal gland’s fetal regional vol-
ume was significantly lower than the control group. In
another study investigating the adrenal gland sizes in
the fetuses diagnosed with IUGR, the authors found
that total adrenal gland width and cortex width was sig-
nificantly higher in the group with IUGR diagnosis
than the control group.[10] Consistent with the litera-
ture, we also observed that total adrenal gland length
and width and cortex width were significantly higher in
the fetuses with IUGR diagnosis than the control
group. In the light of current literature and the results
of our study, it is possible to think that the chronic

intrauterine hypoxia and chronic stress associated with
the placental failure cause increases in the synthesis of
fetal adrenal cortisol and fetal adrenal gland sizes by
activating the hypothalamic-pituitary-adrenal axis sys-
tem.

During pregnancy, fetal adrenal cortisol regulates
the functioning of HHA axis by its inhibitory effect on
the hypothalamic corticotropin-releasing hormone
(CRH).[1] In vivo and in vitro studies showed that the
cortisol produced by fetal adrenal gland induces the
release of placental CRH while inhibiting the release
of hypothalamic CRH. Moreover, placental CRH
increased due to adrenal cortisol synthesis contributes
to the production of adrenal gland cortisol.[2] There are
increasing number of evidences showing that the
increased fetal glucocorticoid levels induce the matura-
tion of the organs necessary for postnatal life while
they have negative impacts on fetal development,
growth and postnatal development.[19] It can be sug-
gested that the increased cortisol levels observed in the
fetuses with IUGR diagnosis are the result of chronic
hypoxia associated with placental failure, and they also
contribute to the intrauterine growth restriction
becoming evident due to the vicious circle they cause
through the placental CRH release.

Some studies argued that directing fetal blood flow
to preferably cardiac, cerebral and adrenal glands as a
response to the placental failure may be another reason
for the increased adrenal gland sizes in the fetuses with
IUGR diagnosis.[18,20] Observing that the greatest
increases in the blood flow of chronic hypoxic sheep
model are in the adrenal glands supports this hypothe-
sis.[21]

It is considered that the chronic hypoxia and mal-
nourishment developing secondary to the placental
failure cause poor fetal programming during the
intrauterine period and lead to the long-term poor
health outcomes such as metabolic syndrome, cardio-
vascular diseases and stroke.[6,22,23] Similarly, it is possi-
ble to think that the increase observed in the fetal adre-
nal gland sizes in the presence of placental failure is an
indicator of the intrauterine environmental factors
affecting fetal genetic programming which leads to the
long-term health outcomes.

Mohajeri et al.[18] also investigated the capacity of
adrenal gland sizes in the fetuses with IUGR diagnosis
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to predict the poor perinatal outcomes. They observed
that those with poorer perinatal outcomes than the
fetuses with IURG diagnosis had smaller adrenal gland
volume, and suggested that the sonographic examina-
tion of fetal adrenal gland at the third trimester can be
used as a non-invasive method for the identification of
poor perinatal outcomes in the fetuses with IUGR
diagnosis. Unlike the results of this study, the authors
of another study investigating the relationship between
adrenal gland sizes and poor perinatal outcomes in the
fetuses with IUGR diagnosis observed that there was
no relationship between adrenal gland sizes and poor
perinatal outcomes in the fetuses with IUGR diagno-
sis.[20] Considering that the changes observed in the
fetal adrenal gland sizes in the fetuses with IUGR diag-
nosis are the result of fetal compliance mechanisms for
chronic hypoxia, it is possible to expect poor perinatal
outcomes in the fetuses who cannot adapt to the nega-
tive intrauterine conditions. However, it is necessary to
investigate this relationship in the further studies with
higher population.

The cross-sectional design, the limited number of
the population and unknown levels of fetal plasma cor-
tisol are the limitations of our study. We investigated
the adrenal gland sizes in the fetuses with intrauterine
growth restriction in our study. Further studies may
investigate the adrenal gland sizes of the fetuses which
are small for gestational age (SGA) and compare them
with the fetuses complicated with IUGR and the con-
trol group. Observing difference between the fetuses
complicated with IUGR and SGA in terms of adrenal
gland sizes may contribute to the differential diagnosis
of these two conditions which cause difficulties for the
differential diagnosis in the clinical setting.

Conclusion
It is possible to conclude that the changes that we
observed in the fetal adrenal gland sizes of the fetuses
diagnosed with IUGR is a result of fetal compliance
mechanisms for chronic hypoxic intrauterine environ-
ment associated with uteroplacental failure and also
that these changes observed are a part of the poor fetal
programming leading to long-term postnatal poor
health outcomes.

Conflicts of Interest: No conflicts declared.
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