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Abstract

Objectives: To evaluate ultrasonographic measurements of
the fetal adrenal gland in pregnancies complicated by pre-
eclampsia (PE), with and without fetal growth restriction
(FGR), and to assess the utility of adrenal gland dimensions
and ratios as potential diagnostic radiologic markers for PE.
Methods: This prospective study included pregnant women
between 20 and 41 weeks of gestation followed at the Ob-
stetrics and Gynecology Department of Başakşehir Çam and
Sakura City Hospital. Participants were divided into three
groups: PE (n=63), PE+FGR (n=63), and healthy controls
(n=65). Fetal adrenal gland total width and medulla width
were measured via ultrasonography. The cortex width =
(total width-medulla width) / 2 and the adrenal gland ratio
(cortex width/medulla width) were calculated. Statistical
analyses were conducted to evaluate differences between
groups and to determine the predictive value of the adrenal
gland ratio.
Results: Fetal adrenal gland total width (adrenal width),
cortex width, and adrenal gland ratio were significantly
increased in both the PE and PE+FGR groups compared to
healthy controls (p<0.001). An adrenal gland ratio ≥2.8 was
significantly associated with PE and PE+FGR (p<0.001),
showing high diagnostic accuracy. The adrenal gland ratio
was not correlated with gestational age.
Conclusions: Fetal adrenal gland enlargement, particularly
increased cortex width, is associated with preeclampsia and

may serve as a noninvasive ultrasonographic biomarker. An
adrenal glandthe ratio≥2.8 demonstrates strong diagnostic
potential for identifying PE and PE+FGR, offering a valuable
tool for early diagnosis and management.
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Introduction

Hypertensive disorders of pregnancy, particularly pre-
eclampsia (PE), represent a significant cause ofmaternal and
perinatal morbidity and mortality, affecting multiple organ
systems and complicating approximately 8 % of pregnancies
worldwide [1]. One of the serious fetal complications is fetal
growth restriction (FGR), which is defined as an estimated
fetal weight below the 10th percentile for gestational age.
Although FGR may result from various etiologies, including
maternal, fetal, and placental factors, the underlying path-
ophysiology most commonly involves impaired utero-
placental perfusion, leading to suboptimal fetal nutrient
and oxygen delivery. These conditions not only pose signif-
icant risks in utero life, may also cause preterm birth,
neonatal intensive care admission, and long-term neuro-
developmental impairment [2].

PE and FGR share a common pathological basis. The
development of PE is a multifactorial process characterized
by abnormal trophoblast invasion and failed remodeling of
the spiral arterioles. This results in high-resistance, low-flow
utero-placental circulation and subsequent placental hyp-
oxia. Hypoxic stress induces the release of pro-inflammatory
cytokines and antiangiogenic factors into the maternal cir-
culation, triggering systemic endothelial dysfunction and
the clinical manifestations of PE [3]. The hypothalamic-pi-
tuitary-adrenal (HPA) axis matures in late gestation, but
adverse intrauterine conditions such as hypoxia may induce
its precocious activation. This is characterized by increased
circulating levels of adrenocorticotropic hormone (ACTH)
and adrenal steroids [4].

The fetal adrenal gland plays a critical role in regulating
the endocrine response to intrauterine stress. Histologically
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distinct from the adult adrenal gland, the fetal adrenal gland
consists of two distinct zones: the definitive zone and the
fetal zone, with the latter being highly steroidogenically
active. As early as gestational day 33, the fetal adrenal begins
to differentiate, and by the end of the first trimester, the fetal
zone becomes prominent. This zone synthesizes large
quantities of adrenal androgens, which are subsequently
converted into estrogens by the placenta. Sonographically,
the fetal adrenal gland appears as an oval structure in the
longitudinal plane and lentil-shaped structure in the trans-
verse plane. Beginning from the 20th gestational week, it can
be reliably visualized as a hypoechoic rim surrounding a
central echogenic line [5, 6].

Moreover, studies have demonstrated that the fetal ad-
renal gland undergoes dynamic morphological changes in
response to stress, including alterations in size and vascular
perfusion, particularly in cases of preterm labor and growth
restriction. Toward term, the fetal zone comprises approxi-
mately 80 % of the adrenal gland volume, but this decreases
rapidly postpartum,with a∼50 % reduction in gland size and
complete regression of the fetal zone by the end of the first
postnatal year [7]. Autopsy studies further suggest that ad-
renal gland weights are higher in fetuses delivered preterm
due to spontaneous labor compared to those delivered early
for other reasons, such as placental abruption or maternal
hemorrhage [8].

Given the involvement of the fetal adrenal gland in
the stress response and its measurable changes in size
and morphology under pathological conditions, ultrasono-
graphic evaluation of this organ may provide valuable in-
sights into fetal well-being. The aim of the present study is
to assess fetal adrenal gland dimensions in pregnancies
complicated by preeclampsia and preeclampsia with
coexisting fetal growth restriction, and to investigate the
potential role of these measurements as a non-invasive
radiologic marker. To evaluate differences in the fetal

adrenal gland, we included three groups: pregnancies
complicated by preeclampsia, preeclampsia with intra-
uterine growth restriction, and healthy pregnancies. Fetal
adrenal gland measurements were performed using ul-
trasonography in all participants.

Materials and methods

This study was designed as a prospective observational
study. Pregnantwomenbetween 20 and 41weeks of gestation
who presented for routine obstetric or perinatology outpa-
tient visits at Başakşehir Çam and Sakura City Hospital,
Istanbul, Türkiye, Department of Obstetrics and Gynecology,
were informed about the study and provided written
informed consent. The research was granted ethical
approval by the Ethics Committee of Basaksehir Cam ve
Sakura City Hospital, with decision number KAEK/
14.02.2024.103, and was conducted in compliance with
Declaration of Helsinki.

Demographic and clinical data including maternal age,
comorbidities, gravida-parity status, and laboratory pa-
rameters (spot urine protein, AST, ALT, urea, creatinine)
were recorded. Fetal biometric and Doppler data including
estimated fetal weight (EFW), umbilical artery Doppler
indices, total fetal adrenal gland width, and adrenal medulla
width were obtained via ultrasonography as shown in
Figure 1. Cortical width and fetal adrenal gland ratio (FAGR)
were calculated from these measurements. Cortical width
was computed by subtracting the adrenal medulla width
from the total gland width and dividing the result by two.
FAGRwas defined as the ratio of total glandwidth to adrenal
medulla width.

All ultrasonographic measurements were performed
using the Arietta 65 Diagnostic Ultrasound System (Hitachi,
Tokyo, Japan) with a 3.5–5.0 MHz transabdominal convex

Figure 1: Ultrasound image demonstrating the
measurement of the fetal adrenal gland.
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probe. The adrenal gland was visualized in the transverse
plane at its narrowest section. B-mode imaging was magni-
fied to ensure precise measurements. The ultrasound mea-
surements were conducted based on the study by Sharma
et al. [6].

Preeclampsia diagnosis was based on the presence of
proteinuria detected in spot urine samples. Fetal growth
restriction was diagnosed when the EFWwas below the 10th
percentile for gestational age. The study population con-
sisted of pregnant women between 20 and 41 weeks of
gestation who met the inclusion criteria, and voluntarily
agreed to participate. Sample size was calculated using the
G-Power 3.1.9.7 software. With an alpha error of 0.05,
power of 0.80, and effect size (d) of 0.4, the minimum
sample size was determined to be 189 patients, with 63
participants in each of the three study groups for analysis
via ANOVA.

Inclusion criteria were: pregnant women between 20
and 41 weeks with no pregnancy-related systemic diseases,
those with isolated PE, and those diagnosed with PE + FGR
followed in the perinatology clinic. Exclusion criteria
included multiple pregnancies, gestations below 20 weeks,
pregnancies with fetal anomalies, maternal age under
18 years, and pregnancies complicated by conditions such as
gestational diabetesmellitus (GDM), pregestational diabetes,
and other hypertensive disorders of pregnancy other than
PE. PE and PE + FGR patients without proteinuria on spot
urine testing were also excluded.

Statistical analysiswas performed using SPSS version 27.
Quantitative variables were expressed as mean, standard
deviation, median, minimum, and maximum values; quali-
tative variables were summarized as frequencies and per-
centages. Normality of distribution was assessed using the
Shapiro-Wilk test and box plot graphics. For comparisons of
quantitative variables among groups, one-way ANOVA test
was used. Post-hoc analysis were done by using Tukey test.
Relationships between variables were evaluated using
Pearson correlation analysis according to data distribution.
The Chi-square test was used for comparisons of qualitative
variables. Diagnostic screening tests and ROC curve analysis
were conducted to assess the predictive value of adrenal
gland ratios for PE and PE + FGR. Results were evaluated
within a 95 % confidence interval, with statistical signifi-
cance set at p<0.05.

Results

This study was conducted between February 2024 and
December 2024 at , Başakşehir Çamand Sakura City Hospital,
Istanbul, Türkiye, including a total of 191 pregnant women.

The participants’ ages ranged from 18 to 44 years, with a
mean age of 29.40 ± 5.91 years.

The demographic and clinical characteristics of the
study population are presented in Table 1. When examining
the gravida status of the participants, 38.2 % (n=73) were
primigravida, 25.7 % (n=49) had two pregnancies, 14.7 %
(n=28) had three pregnancies, and 21.5 % (n=41) had four or
more pregnancies. Regarding parity, 42.9 % (n=82) were
nulliparous, 28.8 % (n=55) had one previous delivery, 13.6 %
(n=26) had two, and 14.7 % (n=28) had three ormore previous
deliveries. The mode of delivery was distributed: 50.5 %
(n=55) underwent vaginal delivery and 49.5 % (n=54) un-
derwent cesarean section. Gestational age at the time of
assessment ranged from 21 to 41.4 weeks, with a mean of
33.87 ± 4.27 weeks. Chronic medical conditions were present
in 24.1 % (n=46) of the participants.

Comparisons of demographic and clinical characteris-
tics between the PE, PE+FGR, and control groups are shown
in Table 2. Participants were divided into three groups: 33 %

Table : Demographic and clinical characteristics of entire patients.meth

n (%)

Age
Avr ± SD . ± .
Median (Min-Max)  (–)

Gravidity
 gravida  (.)
 gravida  (.)
 gravida  (.)
≥ gravida  (.)

Parity
  (.)
 parity  (.)
 parity  (.)
≥ parity  (.)

Mode of delivery
Vaginal  (.)
C-section  (.)

Gestational age
Avr ± SD . ± .
Median (Min-Max) . (–.)

Chronic ilness
No  (.)
Yes  (.)

Group
PE  (.)
PE + FGR  (.)
Control  (.)

Avr, average; SD, standard deviation; Min, minimum; Max, maximum;
Gravida, number of pregnancies; parity, number of births after weeks of
gestation; vaginal, vaginal delivery; C-section, cesarean section; no,
absence of chronic illness; yes, presence of chronic illness; PE,
preeclampsia; FGR, fetal growth restriction; control, control group.
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(n=63) had preeclampsia, 33 % (n=63) had PE with intra-
uterine growth restriction, and 34 % (n=65) constituted the
control group. There was a statistically significant difference
in maternal age among the groups (p=0.001). Post-hoc pair-
wise comparisons revealed that participants in the PE group
were significantly older than those in the PE+FGR and con-
trol groups (p=0.043; p=0.001). Gravida count differed
significantly among the groups (p=0.002). The rate of two
pregnancieswas higher in the control group compared to the
PE and PE+FGR groups. The rate of three pregnancies was
higher in the PE+FGR group than in the PE group. The
prevalence of four ormore pregnancies was higher in the PE
group than in both the PE+FGR and control groups. Parity
count also showed significant intergroup differences
(p=0.006). Nulliparity was more common in the PE+FGR
group than in the control group. The rate of one previous
delivery was higher in the control group compared to the PE
and PE+FGR groups. The presence of chronic disease
differed significantly among the groups (p=0.001). The con-
trol group had a lower prevalence of chronic diseases
compared to the PE and PE+FGR groups. Among the latter
two, the PE group had a higher rate of chronic conditions
than the PE+FGR group. No statistically significant differ-
ences were found between groups in terms of mode of de-
livery and gestational age (p=0.207; p=0.108).

Medulla width did not differ significantly among the
groups (p=0.249). However, a statistically significant differ-
ence was found in adrenal gland width (p=0.001). Post-hoc

Table : Demographic and clinical charecteristics in patients with PE, PE and IUGR, and control population.

PE (n=) PE + FGR (n=) Control (n=) p-Value

Age
Avr ± SD . ± . . ± . . ± . b

.c

Median (Min-Max)  (–)  (–)  (–)
Gravidity
 gravida  (.)  (.)  (.) a

.c

 gravida  (.)  (.)  (.)
 gravida  (.)  (.)  (.)
≥ gravida  (.)  (.)  (.)

Parity
  (.)  (.)  (.) a

.c

 parity  (.)  (.)  (.)
 parity  (.)  (.)  (.)
≥ parity  (.)  (.)  (.)

Mode of delivery
Vaginal  (.)  (.)  (.) a

.
C-section  (.)  (.)  (.)

Gestational age
Avr ± SD . ± . . ± . . ± . b

.
Median (Min-Max)  (.–.) . (.–.) . (–.)

Chronic ilness
No  (.)  (.)  (.) a

.c

Yes  (.)  (.)  (.)

aPearson Chi-square test. bOne-way ANOVA test. cp<.. Avr, average; SD, standard deviation; Min, minimum; Max, maximum; gravida, number of
pregnancies; parity, number of births after weeks of gestation; vaginal, vaginal delivery; C-section, cesarean section; no, absence of chronic illness; yes,
presence of chronic illness. Bold p-values indicate statistical significance (p<.).

Table : The relationship between gestational age and ultrasonographic
measurement values.

Umb A PI
r −.
p .a

Medulla width (w)
r .
p .a

Adrenal gland width (W)
r .
p .a

Cortex width (W-w/)
r .
p .a

Adrenal gland ratio (W/w)
r .
p .

r, Pearson’s correlation test; ap<.; Umb A PI, umbilical artery pulsatility
index;medulla width (w), width of the adrenal glandmedulla; adrenal gland
width (W), total width of the adrenal gland; cortex width (W-w/), calculated
cortex width; adrenal gland ratio (W/w), ratio of adrenal gland width to
medulla width. Bold p-values indicate statistical significance (p<.).
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analysis revealed that the adrenal gland width was signifi-
cantly higher in the PE group compared to both the PE+FGR
and control groups (p=0.015; p=0.001). A significant differ-
ence in adrenal cortex width was also observed between the
groups (p=0.001). Post-hoc pairwise analysis showed that the
control group had significantly lower cortex width than the
PE and PE+FGR groups (p=0.001; p=0.019), and the PE group
showed higher values than the PE+FGR group (p=0.014).
Adrenal gland ratio significantly differed among the groups
(p=0.001). Post-hoc pairwise analysis showed that the control
group had significantly lower ratios compared to the PE and
PE+FGR groups (p=0.001; p=0.001).

Table 3 shows the correlation between gestational
age and ultrasonographic measurements. A statistically
significant negative correlation was found between gesta-
tional age and umbilical artery pulsatility index (Umb A PI)
values (r =−0.419; p=0.001), indicating a decrease inUmbAPI
with advancing gestational age. A significant positive cor-
relation was observed between gestational age and medulla
width (r=0.360; p=0.001), adrenal gland width (r=0.385;
p=0.001), and cortex width (r=0.322; p=0.001). However, no
statistically significant correlation was found between
gestational age and adrenal gland ratio (p=0.410).

The diagnostic performance of the adrenal gland ratio
for predicting PE and PE+FGR is summarized in Table 4. For
predicting the presence of preeclampsia, an adrenal gland
ratio cutoff value of 2.8 yielded a sensitivity of 68.25 %,
specificity of 72.31 %, positive predictive value of 70.5 %, and
negative predictive value of 70.1 %. The area under the curve
(AUC) on ROC analysiswas 73.9%,with a standard error of 4.4
% as shown in Figure 2. There was a statistically significant
association between an adrenal gland ratio≥2.8 and the
presence of PE (p=0.001). The risk of detecting PEwas 4.5 times
higher in cases with an adrenal gland ratio of 2.8 or greater.

The odds ratio was 4.500 (95 % CI: 2.994–6.763). In predicting
the presence of PE+FGR, a fetal adrenal gland ratio cut-off
value of 2.8 yielded a sensitivity of 68.25 %, specificity of
72.31 %, positive predictive value of 70.5 %, and negative
predictive value (NPV) of 70.1 %. AUCwas calculated as 72.3 %,
with a standard error of 4.5 %. A statistically significant as-
sociation was found between a gland ratio of 2.8 and the
presence of PE+FGR (p=0.001). The risk of detecting PE+FGR
was found to be 4.5 times higher in cases with a gland ratio
equal to or greater than 2.8. The odds ratio for the adrenal
gland ratio was 4.500 (95 % CI: 2.994–6.763).

Table : Diagnostic screening tests and ROC curve results for predicting the presence of PE and PE+IUGR based on adrenal gland ratio.

Diagnostic scan ROC curve p-Value

Cut
off

Sensitivity Specificity Positive predictive
value

Negative predictive
value

Area % confidence
interval

PE

Adrenal gland
ratio

≥. . . . . . .–. .b

PE+FGR

Adrenal gland
ratio

≥. . . . . . .–. .b

≥.=threshold value for predicting PE or PE+FGR. Bold AUC values represent the overall diagnostic accuracy of the test. Bold p-values indicate statistical
significance (p<.).

Figure 2: ROC analysis for the fetal adrenal gland ratio in predicting
preeclampsia. The curve demonstrates the diagnostic performance of the
adrenal gland ratio.
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Discussion

Placental insufficiency, characterized by hypoxia, inflam-
mation, and endothelial dysfunction, is one of the funda-
mental mechanisms in the pathogenesis of preeclampsia
[3]. Placental insufficiency may affect fetal circulation
and lead to early activation of the HPA axis [9]. All living
organisms respond to stress as a survival mechanism.
When the HPA axis is stimulated by a stressor, the secretion
of corticotropin-releasing hormone (CRH) triggers the
anterior pituitary gland to release ACTH, which in turn
stimulates the adrenal cortex to produce glucocorticoids
[10]. Under stress conditions, fetal adrenal cells release
growth factors, resulting in hypertrophy of the fetal adre-
nal region [11]. Hypoxia-induced transcription factors play
a key role in the mechanism of preeclampsia. Adaptive
mechanisms of fetal circulation may undergo alterations
under the conditions of preeclampsia and fetal growth re-
striction [12]. It is proposed that this hypoxic environment
creates a fetal stress response that activates the HPA axis
prematurely, potentially enhancing adrenal steroid produc-
tion and accelerating fetalmaturation [5]. Consistentwith our
findings, the fetal adrenal gland ratio, total gland width, and
cortical width were observed to increase in PE and PE+FGR
cases, reflecting a physiological response to this mechanism.
This suggests that fetal stress response, as evidenced by ad-
renal gland measurements, may serve as a significant indi-
cator in pregnancies complicated by preeclampsia.

In our study, a fetal adrenal gland ratio of ≥2.8 was found
to be statistically significant in predicting PE and PE+FGR
(p<0.001). This suggests that sonographic evaluation of the
fetal adrenal gland may serve as a potential radiological
marker for preeclampsia and fetal growth restriction. In a
study by Heese et al., which included 343 controls and 63 FGR
fetuses between 20 and 41 weeks of gestation, both the fetal
adrenal gland ratio and cortical width were increased in FGR
pregnancies. Moreover, this study demonstrated that the ad-
renal gland ratio was independent of gestational age [13].
Similarly, our findings revealed increased adrenal cortex
width, total gland width, and adrenal gland ratio in both PE
and PE+FGR groups. Additionally, while total glandwidth and
cortical width showed a growth trend with gestational age,
the fetal adrenal gland ratio appeared to be independent of
gestational age. Therefore, assessment of fetal adrenal gland
ratio may be an important parameter in the monitoring of
high-risk pregnancies regardless of gestational age.

Cortisol synthesized by the fetal adrenal gland contrib-
utes to thematuration of several organs, including the lungs.
The hormone synthesis and relative hypertrophy of the fetal
adrenal gland in response to CRH also play a role in the
mechanism of labor. In a study by Sharma et al., the fetal

adrenal gland ratio was found to be a more valuable pre-
dictor of induction success in pregnancies over 40 weeks
when compared with the Bishop score [6]. Furthermore, a
study by Turan et al. demonstrated that growth in the fetal
adrenal region was a better predictor of preterm labor than
transvaginal cervical length [14]. These studies, together
with our data, support the notion that the fetal adrenal gland
becomes more active under stress conditions, leading to
hypertrophy. In parallel with our findings, enlargement of
the fetal adrenal gland emerges as a response to intrauterine
stress. As evidenced by these studies, fetal adrenal gland
hypertrophy is not limited to PE but may be observed in
various intrauterine stress conditions. Hence, detecting fetal
adrenal gland enlargement may serve as an early indicator
of increased risk for FGR, PE, or preterm birth.

Animal studies have demonstrated that hypoxic fetuses
redistribute bloodflow fromother organs to the brain, heart,
and adrenal glands, resulting in increased perfusion and
decreased vascular resistance in these organs. The reduction
in middle cerebral artery resistance observed in chronic
hypoxia is an example of the brain-sparing effect. In a study
by Dubiel et al., Doppler waveforms of the middle adrenal
artery and middle cerebral artery were recorded in 102 hy-
pertensive pregnancies. Among these, 64 cases exhibited
adrenal-sparing effects, while 32 showed brain-sparing ef-
fects. Notably, all cases with perinatal mortality exhibited
adrenal-sparing effects. A positive correlation was also
found between fetal adrenal PI and umbilical artery pH [15].
These findings underscore the pivotal role of the fetal ad-
renal gland in stress responses and its adaptation to hyper-
tensive changes. In line with our study, the increases in
adrenal gland ratio, cortical width, and total gland width
observed in PE may be related to increased adrenal blood
flow. This increased perfusion likely enhances themetabolic
activity of the gland, contributing to its hypertrophy.

In animal models, insulin has been shown to inhibit
placental aromatase enzyme activity, leading to compensa-
tory hypertrophy and volume increase in the fetal adrenal
gland [16]. Therefore, pregnancies complicated by GDM or
diabetes mellitus were excluded from our study. A study by
Hetkamp et al. revealed increased adrenal cortex thickness,
adrenal medulla size, total adrenal gland width, and adrenal
gland ratio in pregnancies complicated by GDM. Consistent
with our findings, the fetal adrenal gland ratio was also
shown to be independent of gestational age [17]. This high-
lights the potential utility of fetal adrenal gland ratio as a
gestational age-independent screening tool.

These findings may contribute to the development of
novel approaches in the management of preeclampsia.
Further research is needed to explore this relationship in
greater detail and to elucidate the clinical relevance of fetal
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adrenal gland assessment in pregnancies complicated by
preeclampsia and fetal growth restriction. Detecting fetuses
affected byplacental dysfunction remains a clinical challenge.
Therefore, measurement of fetal adrenal gland dimensions
and adrenal gland ratio may offer a valuable perspective in
identifying at-risk fetuses. Since the positive predictive values
we observed may vary depending on the population, further
studies are needed to strengthen and validate our findings.

Limitations

This study has several important limitations. First, being a
single-center study, the generalizability of our findings is
inherently limited. Additionally, there may be a lack of
standardization among ultrasonographic techniques used
for fetal adrenal gland measurements. The use of 2D ultra-
sound, in particular, introduces potential variability be-
tween operators, which may contribute to discrepancies in
outcomes across different centers. Future studieswith larger
sample sizes andmulticenter designs are necessary to better
elucidate the relationship between fetal adrenal gland size
and preeclampsia. Another limitation is the heterogeneity
in gestational age at the time of measurement. While this
variability may pose a constraint in interpreting the find-
ings, it also offers a potential advantage by providing
preliminary insights applicable to a broader range of
gestational weeks, thereby laying the groundwork for
future investigations. It should be noted that positive

predictive value is highly dependent on disease preva-
lence; in our cohort, the prevalence of PE and PE+FGR was
66.7 %, which may have inflated the observed positive
predictive value (PPV). In populations with lower PE and
PE+FGR prevalence, the PPV of the adrenal gland ratio
would be expected to decrease accordingly.

Interestingly, the ROC analyses for predicting PE and
PE+FGR based on adrenal gland ratio yielded nearly iden-
tical results. This can be explained by the remarkably
similar distributions of adrenal gland ratio values in both
groups, as demonstrated in Table 5. Although PE+FGR
represents a more severe clinical condition, both groups
share common pathophysiological features that may affect
fetal adrenal gland development in a similar manner. The
overlapping radiologic profiles may have limited discrim-
inative capacity of adrenal gland ratio between these two
conditions. Therefore, while adrenal gland ratio shows
potential in distinguishing pathological from normal
pregnancies, its role in differentiating between PE and
PE+FGR requires further investigation in larger and more
heterogeneous populations.

On the other hand, our study possesses several
strengths. Notably, no statistically significant differences
were found among the gestational age subgroups, which
supports the reliability of our data. Furthermore, the
exclusion of cases with GDM, pregestational diabetes melli-
tus, and isolated fetal growth restriction helped to minimize
potential confounding factors that could independently
influence fetal adrenal gland size.

Table : Distribution of adrenal gland measurements by groups.

PE (n=) PE + FGR (n=) Control (n=) ap-Value

Umb A PI
Avr ± SD . ± . . ± . . ± . .
Median (Min-Max) . (.–.) . (.–.) . (.–.)

Medulla width (w)
Avr ± SD . ± . . ± . . ± . .
Median (Min-Max) . (.–.) . (.–.) . (.–.)

Adrenal gland width (W)
Avr ± SD . ± . . ± . . ± . .b

Median (Min-Max) . (.–.) . (.–.) . (.–.)
Cortex width (W-w/)
Avr ± SD . ± . . ± . . ± . .b

Median (Min-Max) . (.–.) . (.–.)  (.–.)
Adrenal gland ratio (W/w)
Avr ± SD . ± . . ± . . ± . .b

Median (Min-Max) . (.–.) . (.–.) . (.–.)

aOne-way ANOVA test. bp<., Avr, average; SD, standard deviation; Min, minimum; Max, maximum; Umb A PI, umblical artery pulsatility index; medulla
width (w), width of the adrenal gland medulla; adrenal gland width (W), total width of the adrenal gland; cortex width (W-w/), calculated cortex width;
adrenal gland ratio (W/w), ratio of adrenal gland width to medulla width. Bold p-values indicate statistical significance (p<.).
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Conclusions

The total adrenal gland width and cortical width of the fetal
adrenal gland are considered important indicators of the
fetal stress response in preeclamptic pregnancies. Notably, a
fetal adrenal gland ratio (≥2.8) demonstrates high sensitivity
and specificity in predicting preeclampsia and PE with fetal
growth restriction, suggesting that ultrasonographic evalu-
ation may serve as a valuable tool in the management of
preeclampsia. Our findings support the notion that early
activation of the fetal hypothalamic-pituitary-adrenal axis
during the course of preeclampsia may represent a homeo-
static response mechanism to a hypoxic intrauterine
environment.

However, larger-scale, prospective studies are required
to facilitate the integration of these parameters into clinical
practice. Future research should focus on the longitudinal
assessment of fetal adrenal gland morphology across
different trimesters, in conjunction with other established
markers used in the diagnosis of preeclampsia. Further-
more, the relationship between fetal adrenal gland mea-
surements and neonatal as well as long-term outcomes
should be investigated.

In conclusion, fetal adrenal gland measurements may
represent a significant radiological marker in the diagnosis
and monitoring of preeclampsia. Further studies are neces-
sary to enable their incorporation into clinical protocols.
Monitoring fetal adrenal gland morphology could contribute
to the early detection and effective management of pre-
eclampsia, thereby supporting maternal and fetal health.
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