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ABSTRACT
OBJECTIVE: We present a simple 2D big ultrasound measurement of the fetal adrenal glands and their 
biometrical growth analysis highlighted as a potential preterm birth marker.
METHODS: This was a prospective observational case-control study. Sixty-four patients were included in the 
study (32 with the diagnosis of imminent preterm birth before 37 and 32 controls) from January 2018 to May 
2020. Anteroposterior dimensions and circumferences of the whole adrenal glands and their central zones 
were measured by simple B-mode ultrasound imaging. For the statistical analysis, StatsDirect 3.0 and ROC 
curves were used. As a studied descriptor, routine standard ultrasound cervical measurements were added 
(cervical length, funneling, sludge, cervical dilatation, and cervical glandular area).
RESULTS: In biometrics of gestational age-related changes, a signifi cant analysis of the overall growth of the 
adrenal gland was observed (circumference p < 0.001, anteroposterior diameter p = 0.02). The growth of the 
central zone was observed independently of gestational age. The growth of the central zone of the fetal adrenal 
glands revealed signifi cant changes between the group of patients who delivered prematurely and control 
groups (p < 0.01). The ideal cut-off value of the proportion of enlargement of the fetal zone as a predictor of 
preterm delivery before week 37 was 45.1 %, with the sensitivity of 87.5 % and specifi city of 85.4 %.
CONCLUSIONS: A simple 2D B-mode measurement of the fetal adrenal glands´ central zone growth can 
be applied as an additional marker in the prediction of true preterm delivery. The natural biometrical overall 
growth of the adrenal glands seems to be dependent on gestational age, whereas that of the central adrenal 
gland zone seems to be independent on gestational age (Tab. 3, Fig. 5, Ref. 26). Text in PDF www.elis.sk
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Introduction

Preterm birth is a persistent perinatological problem despite 
the effort of its exact prediction. Modern perinatal medicine uses 
a spectrum of preterm birth predictive markers with defi ned speci-
fi city and sensitivity, but its exact clinical interpretation is still 
diffi cult (1). 

The incidence of preterm births and vague clinical reliability of 
prediction defi ne the need for new, additional markers to improve to-
tal sensitivity and specifi city of the preterm delivery prediction (1). 

Clinical symptoms and signs of preterm birth are applicable 
and have low sensitivity and specifi city. Cervical sonography is 
widely used with good positive predictive values; biochemical 
markers like fetal fi bronectin are applied with good negative pre-
dictive values. Recent studies also describe new morphological 
ultrasound markers of preterm birth, such as amniotic fl uid sludge, 
cervical glandular area, and fetal adrenal glands measurement (2). 

In contrast to the published studies which use the 3D ultrasound 
evaluation of the fetal adrenal glands to study the correlation with 
preterm birth, this study evaluates simple 2D ultrasound measure-
ment of the anteroposterior diameter and circumferences of fetal 
adrenal glands including their central zone (3, 4). The results 
describe the diagnostic principles and usability of this marker in 
order to encourage the other scientifi c teams to study this simple 
additional marker of preterm birth. 

Materials and methods

The study was designed as a prospective, non-interventional, 
observational case-control study and was conducted during the 
period from January 2018 to May 2020 at University Hospital 
Bratislava. The patients were recruited after an interview with an 
understanding of the study principles, and all subjects gave their 
informed consent for inclusion before participating in the study. 
The study was conducted in accordance with the Declaration of 
Helsinki, and the protocol was approved by the Ethics Committee 
of the University Hospital Bratislava. 

The primary selection included hospitalized patients in the 
maternal-fetal center with the diagnosis of imminent preterm birth 
˗ partus praematurus imminens (PPI). Strict criteria were applied 
to this primary group of various patients to achieve purity of the 
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studied group. The inclusion and exclusion criteria are in accord 
with the International Preterm Labor Council (IPLC). Their list 
is to be found in Table 1. 

All the recruited patients underwent standard diagnostic and 
therapeutic procedures, and additional measurements are as fol-
lows. Ultrasound was performed on a Zo-
nare machine using standard 7 MHz trans-
vaginal and 4 MHz convex transabdominal 
probe. The patients were diagnosed by the 
same sonographer. Ultrasonographic pa-
rameters were evaluated by using the trans-
vaginal midsagittal scan listed in Table 2.

The fetal adrenal glands were depicted 
zoomed, and calipers were used to mea-
sure them in the transverse scan in B-mode. 
The maximal anteroposterior adrenal gland 
(APAG) diameter (mm) of one adrenal 
gland of the fetus (Fig. 1) and maximal AP 
diameter of its central echogenic zone called 
anteroposterior fetal zone (APFZ) was mea-
sured 3 times (Fig. 2). In the same plane, 
the circumference values of the mentioned 
structures were measured 3 times using the 

ellipse: circumference of the whole adrenal gland (CIRC-AG) and 
circumference of the fetal zone (CIRC-FZ). All types of measure-
ments are shown schematically in Figure 3. The arithmetic average 
and the percentage of the fetal zone of the whole gland diameter 
was calculated. 

The date, time of the delivery, gestational week, and interval 
from ultrasound measurement to delivery was retrospectively veri-
fi ed by means of patients’ documentation.

The studied group of patients with the diagnosis of imminent 
preterm birth (PPI group) was divided into the following sub-
groups, namely PP subgroup (partus praematurus) and PPI-C 
subgroup (fi rst control group). The PP subgroup consisted of pa-
tients who delivered prematurely (up to 37+6 gestational week, 
inclusively), whereas those who delivered at term, i.e., after 38+0 
gestational week, inclusively, were separated into the PPI-C sub-
group. A second independent control group C was added – these 
were cases with physiological gravidities who met the study crite-
ria and in whom the exclusion of the imminent preterm birth and 
term delivery had been verifi ed.

Statistics were processed with the program StatsDirect 3.0. 
The correlation between the groups was analyzed through the 
simple linear regression, and Pearson’s coeffi cient was used. The 
statistical signifi cance of the changes was analyzed by one-factor 
analysis of variance (ANOVA) and Tukey post-hoc test (Tukey-
Kramer multiple comparisons) with p < 0.05 considered sig-
nifi cant. 

As fi rst in the process, the spread plot and box & whisker plot 
were created followed by an analysis of variance. The results of 
evaluated markers were analyzed, ROC (receiver operating char-
acteristic) curves were used, and sensitivity and specifi city were 
defi ned. ROC curve defi nition of the optimal cut-off point is pre-
sented in Figure 4. The optimum cut-off point for the fetal zone 
enlargement as a predictor of preterm birth, predictive value of 
the positive test, posttest likelihood of disease, predictive value 
of negative test, posttest likelihood of no disease, posttest disease 
likelihood despite negative test and sensitivity and specifi city con-
fi dence intervals were defi ned. 

Inclusion criteria
Progression of the cervical score by digital palpation
Minimally 4 contractions of the uterus on a 20-minute tocogram, also 

subjectively described by the patient
Primigravidity
Gestational age 23+6 to 37+6
The cervical length by transvaginal ultrasonography under 25 mm 

(including)
Exclusion criteria
Previous preterm labor
Patients after cervical and uterine surgery
Congenital anomalies of the uterus
Uterine fi broids
Pathologies of the insertion or function of the placenta
Pathological amniotic fl uid index
Congenital anomalies of the fetus and verifi ed aneuploidy
Intrauterine growth retardation
Exogenous insult of trauma during gravidity
Premature rupture of membranes
Status after intrauterine invasive procedures
Cerclage
Retroplacental hematoma
Vaginal bleeding with medical history of imminent miscarriage
Preeclampsia, eclampsia, HELLP syndrome
Pathologies during pregnancy- hypertension, diabetes, hematologic diseases,

pregnancy after in vitro fertilization
Incomplete ultrasound diagnosis (i.e., inappropriate acoustic conditions)

Tab. 1. Inclusion and exclusion criteria of the diagnosis of PPI.

Length of the cervix (mm)
Dilatation of the internal cervical os
Qualitative presence of the cervical glandular area
An echogenic dilatation of the cervical canal
Presence of the amniotic fl uid sludge

Tab. 2. Evaluated ultrasonographic parameters.

Fig. 1. Fetal adrenal gland in simple transverse 
plane – measured with calipers.

Fig. 2. Fetal adrenal gland ultrasound in fron-
tal plane with a clearly defi ned central fetal 
zone (arrow).
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for excluding the patients were as follows: false interpretation of 
the diagnosis of imminent preterm birth, absence of contractions 
on tocogram, history of cervical surgery (conization of the cervix), 
cervicometry over 25 mm and diseases of the mother. 

Two patients of all those measured were excluded because of 
inappropriate acoustic conditions; these two patients were from 
the PPI group (n(PPI) = 34 – 2 = 32). After the fi nal analysis of the 
PPI group, 18 patients became part of the group of patients with 
true preterm delivery (n(PP) = 18). The rest of the PPI group were 
separated into the fi rst control group PPI-C (n(PPI-C) = 14). The 
group C (second control group) consisted of cases with physio-
logical graviditiy (n(C) = 32). All this information is summarized 
in Table 3.

A proportion of 56.2 % of patients from the whole PPI group 
delivered prematurely. As a description and introduction of the 
PPI group, results were obtained as follows: the average length of 
the cervix was 17.15 mm, positivity of the funneling marker was 
in 46.9 %, cervical canal was dilated more than 5 mm in 34.3 %, 
and amniotic fl uid sludge was positive in 21.9 % of patients. The 
cervical glandular area (CGA) marker was positive in 21.0 %. The 
average estimated fetal weight (EFW) was 1,833 g with maximum 
of 2,850 g and minimum of 725 g. 

The measurements of fetal adrenal glands revealed average 
results as follows: APAG diameter of 19.6 mm, the APFZ diameter 
of 9.1 mm, CIRC-AG of 61.5 mm, and CIRC-FZ of 30.3 mm. We 
confi rmed a signifi cant correlation (p = 0.02) of the increase in 
APAG diameters and gestational age. The changes in APFZ were 
not signifi cant (p = 0.06) in correlation with gestational age. The 
circumferences of the whole fetal adrenal gland correlated with the 
increase in gestational age more signifi cantly than it was observed 
relative to its diameter (p < 0.001) In that sense, the circumference 
of the fetal zone did not correlate at all (p = 0.32). 

The most important part of the study was the description of 
the parameter of fetal zone growth of the adrenal gland in AP as a 
predictor of preterm birth. The percentage of the central fetal zone 
AP measurement revealed signifi cant changes between the patients 
who delivered prematurely and control groups (subgroups PP, PPI-
C, and C) (p < 0.001) while the percentage varied unambiguously 
in the groups (Fig. 5). Those changes between control groups PPI-
C and C were not signifi cant (p = 0.227). The ideal cut-off value 
of the percentage (growth) of the AP diameter of the fetal zone 
as a marker of preterm delivery before week 37 was described
using the ROC curves. At the percentage of 45.1 %, the sensitivity, 
specifi city, positive predictive value, negative predictive value and 
likelihood of disease testing negative were 87.5 %, 85.4 %, 66.7 %, 
95.3 %, and 4.6 %, respectively while the confi dence intervals of 
reliability (95 %) for sensitivity and specifi city were 61.6–98.4 % 
and 72.2–93.9 %, respectively. 

Discussion

In the previous studies, Romero postulates that the application 
of preterm birth markers should not represent the standard screen-
ing for the normal not-at-risk population but only for selected 

Fig. 3. Fetal adrenal gland ultrasound measurement.

Fig. 4. ROC curve defi nition of the optimal cut-off value for the percen-
tage of central fetal zone enlargement as a preterm delivery predictor.

Results

Primary 214 patients were observed, of whom only 64 patients 
were measured in studied groups. According to strict study criteria, 
148 (81.3 %) of patients could not be recruited. The main reasons 



Bratisl Med J 2021; 122 (10)

721 – 726

724

high-risk groups (5). In our study, we applied a simple ultrasound 
marker of preterm birth to a purely selected group, which was at 
a high risk of preterm delivery. 

The high percentage of patients excluded from the primarily 
selected patients (more than 80 %) defi nitely describes the clinical 
ambiguity of the diagnosis of imminent preterm birth and thus also 
the need for applying new markers for preterm delivery prediction 
by outpatient diagnosis. On the spectrum of exclusion criteria, it is 
possible to see the fact that the diagnosis of imminent preterm birth 
at the fi rst gravidity entirely without any other maternal pathologies 
is relatively rare. This encourages Romero´s parturition syndrome 
conception of preterm birth to be more like a single disease (2).

The average gestational week at the delivery in our studied 
PPI group was 30.7, which is in the range of high-risk prematurity. 
Using the mentioned strict criteria, we defi ned the high-risk group 
in which 56.2 % of patients delivered prematurely. 

Ultrasound cervicometry is a routine diagnostic method of 
imminent preterm birth. The average normal length of the cervix 
should be in the range of 32–46 mm. Patients with cervical length 
of 25 mm should be strictly monitored as high-risk patients, while 
the length under 20 mm is defi nitely defi ned as cervical insuffi -
ciency. The risk for preterm birth when the cervical length is over 
35 mm is low; at the length of 15 mm, the risk rises exponentially, 
while the length of 5 mm represents a 44 % probability of preterm 
birth. Another risk factor for preterm birth lies in the presence of 
funnel formation below the internal os and shortening of the re-
sidual cervical canal.

According to evidence-based medicine (EBM) studies, the 
incompetence of the cervix is associated with its length being un-
der 20 mm or under 30 mm with the funneling more than 10 mm 
deep. By the depth of 25 % of the funnel, the risk of prematurity is 
approximately 10 %, by that of 25-50 %, the risk is 30 %, and by 
50 % or more, the premature birth occurs in 75 % of cases (6–11).

In our studied PPI group, the average length of the cervix was 
17.15 mm, the positivity of the funneling marker was up to 46.9 %, 
the cervical canal was dilated up to 34.4 %. 

Another ultrasound sign refl ecting the maturation of the cervix 
is the presence of the cervical glandular area ˗ hyperechogenic or 
hypoechogenic layer around the cervical canal. The complete dis-
appearance of this sign is related to the progression of the cervical 
score and a higher incidence of preterm birth. Grgic and Matijevic 
described this QGCS (qualitative glandular cervical score) as 
a good predictor of preterm birth. The studies of Afzali or Asakura 
also described the absence of this marker as an independent pre-
dictor of preterm birth (1, 12–14). 

Amniotic fl uid sludge is a hyperechoic free-fl oating, matricu-
late matter in the amniotic fl uid close to the internal os of the cer-
vix. Himaya et al. described amniotic fl uid sludge as a risk factor 
of preterm birth and chorioamnionitis (15).

In our studied PPI group, CGA was positive in 21.9 %; the 
same percentage was present for the funneling marker.

Recent scientifi c publications describe the possibility of pre-
dicting preterm delivery using fetal adrenal gland measurements. 
The fetal adrenal glands are essential in the hormonal materno-fetal 
signalization of birth. Although the principles of birth initiation were 
completely described in animals, whereas in humans, the details are 
still incomplete, especially the exact initiation of birth. The role of 

Group Name of the group / description Number of the patients
Primary observed patients N0 N0=214
Excluded patients Nx Nx=148

Included patients 

N / all included patients/ N=66
PPI = patients with the diagnosis of imminent preterm labor
 ►PP = partus prematurus 
 true premature delivery
 
 ►PPI-C = partus prematurus imminens 
 control, patients with fi nal delivery at term 

N(PPI) =34
N(PP)=18

N(PPI-C)=14

Unmeasurable patients /Xx/ N /Xx/ =2 / patients from the PPI group/ 
C / control group, physiological gravidities, delivery at term/ N(C) =32

Tab. 3. Group of included patients.

Fig. 5. Percent proportion of fetal zone (FZ) to anteroposterior adre-
nal gland (APAG) diameter in responsible groups PPI-C, PP and C.
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neuroactive steroids and CRH (corticoliberin) activation produced 
in the placenta is typical for primates. CRH stimulates the steroido-
genesis in the fetal adrenal glands, and so induces the production of 
pregnenolone sulfate, DHEAS (dehydroepiandrosterone sulfate) 
and cortisol (16, 17). CRH is the cause of hypertrophy of the central 
fetal zone of the fetal adrenals. This also emphasizes the fact that the 
central fetal zone disappears after birth. Finally, steroid production 
in the fetal zone is one of the signs of true birth initiation (18). It is 
estimated that during pregnancy, the fetal adrenal glands continu-
ally grow, but contrary to other organs, the glands diminish after 
birth. The weight of the fetal adrenal gland is 3–4 g at birth, and it 
is proportionally larger than in adults (19). The growth and size of 
the fetal adrenals at term is due to the enlargement of the fetal zone. 
Functionally, the central zone represents zona reticulosa (N.B.: not 
the medulla), the center of corticosteroid production, and the main 
source of DHEA for the placenta. Thus, the placental production 
of estrogens completely depends on the fetal adrenal central zone, 
and this signalization is one of the principles of the birth initiation 
(20, 21). Van Vuuren created modern volume and reference size 
charts for fetal kidneys and adrenal glands. In his study, 96 fetuses 
of physiological pregnancies were recruited and ultrasonographi-
cally measured at 4-week intervals. The measured parameters were 
the length of the kidney and the length of the adrenals (22). In sense 
of the prediction of preterm birth, the use of these reference tables 
is questionable because the study, unfortunately, does not describe 
the central zones and other diameters. In 2012, Ozgüner published 
a postmortem histopathological morphometric analysis of the ad-
renal glands and evaluated their weights, volume, width, length, 
and depth. A signifi cant correlation between the measurements and 
increasing gestational age and no signifi cant differences between 
the right and left gland or between the genders were verifi ed (23). 
As the “in vivo” growth of the adrenals during the pregnancy can 
occur, this applied only partially.

The fetal zone can be described by transversal ultrasound scan 
of the fetal abdomen as a hyperechoic structure in the center of an-
other hypoechogenic parenchyma of the gland. Turan describes the 
adrenals sizes using the 3D ultrasound mode and system of volu-
metry VOCAL. Finally, he corrected for the values of estimated 
fetal weight (EFW) as a gestational age-independent parameter. 
In his study, the growth of the central zone volume over 49.5 % 
predicted premature birth within 7 days with sensitivity of 100 % 
and specifi city of 89 % as the best predictor. The cAGV (corrected 
adrenal gland volume) took up the second position with the sen-
sitivity of 81 % and specifi city of 87 %, while cervicometry with 
the sensitivity of 56 %, and specifi city of 60 % took up the third 
position. An interesting fact is that the growth of the central zone 
was disproportional, while it was its depth that grew the fastest (3). 
Another Turan´s study compares the 2D ellipsoid measurement 
of the gland volume with a 3D calibration of volume. Although 
the results of these two principles are signifi cant, the conclusion 
is that the 2D ellipsoid measurement cannot fully replace the 3D 
volume calibration (4). In their 3D study, Ibrahim et al. confi rmed 
Turan´s results and also, they described cAGV (corrected adrenal 
gland volume) and FZE (fetal zone enlargement) as independent 
predictors of preterm births (24).

Most studies of the fetal adrenal glands versus preterm delivery 
prediction are prospective and cross-sectional, while describing one 
group of patients with preterm birth symptoms and signs, and usu-
ally not excluding all the factors that could interfere with the adrenal 
gland growth. Studies usually describe the predictive potential of 
adrenal gland measurement to predict the preterm birth within 7 
days. Lemos et al compare the fetal adrenal gland biometry and cer-
vicometry in preterm delivery in a prospective study of 53 women. 
The described cut-off value for the depth of the central fetal zone 
as a predictor for birth within 7 days is 7.2 mm, with the sensitivity 
of 66.7 % and specifi city of 61.8 %. These results were postulated 
as a predictor comparable to cervicometry with a cut-off value of 
20 mm (25). Because the fetal adrenal gland proportions depend 
on gestational age and individual growth of the fetus, we suppose 
that it is not possible to defi ne such an absolute cut-off point (mm). 
Nomograms for absolute measurement of the central zone for each 
gestational age in physiological pregnancies should be used. How-
ever, such reliable nomograms are not available. Nevertheless, the 
percentage of representation of the fetal zone could be analyzed.

Hoffman´s study screened 128 singleton physiological preg-
nancies with 3D ultrasound volumetry of the whole fetal adrenal 
gland and gave the following results: there was no signifi cant dif-
ference in volumes between the patients who delivered preterm 
within 7 days, or within more than 14 days. Among the group of 
women with increased risk of preterm birth, the subgroup of those 
who delivered prematurely had smaller fetal adrenals as compared 
to those who did not (26).

In our case-control study of 64 patients, the fetal adrenal gland 
measurement was provided by meaning the simplest principles, 
and the following results were obtained. The essential fi nding was 
that there was a good possibility for this measurement to be done 
using standard 2D principles. Out of 66 completely measured pa-
tients, only in 2 patients (3.0 %) it was not possible to verify the 
fetal adrenal glands (inappropriate acoustic conditions related to 
high BMI of the patients). 

We confi rmed a signifi cant correlation (p = 0.02) between 
APAG diameters and gestational age, namely that the latter diam-
eters increased relative to the increase in gestational age. The cor-
relation between circumferences of the whole fetal adrenal gland 
and the increase in gestational age was more signifi cant than that 
of the diameter (p < 0.001). This is true evidence of its in vivo 
continuous growth during the period between the 24th and 37th 
weeks of gestation. The fact that the adrenal glands are usually of 
irregular oval shape is the reason why the signifi cance of correla-
tion of circumferences was higher. 

The correlation of changes in APFZ and gestational age was 
not signifi cant (p = 0.06), and in this sense, the circumference of 
the fetal zone did not correlate at all (p = 0.32). The fetal zone 
increased independently and signifi cantly in other conditions, 
namely in cases of fetuses delivered preterm. 

One of the most important parts of this study was the descrip-
tion of the parameter of “growth” of the fetal zone of the adrenal 
gland in “AP” as a predictor of preterm birth. The percentage of 
the central fetal zone revealed signifi cant changes between the 
patients who delivered prematurely and control groups (PP, PPI-C 
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and C subgroups) (p < 0.001). The differences in changes between 
patients with imminent preterm birth and physiological control 
(PPI-C and C control groups) were not signifi cant (p = 0.227).

The ideal cut-off value of the proportion of the fetal zone and 
AP diameter of the whole gland as a marker of preterm delivery 
up to week 37 was described using the ROC curve. 

At the percentage of 45.1 %, the sensitivity, specifi city, posi-
tive predictive value, negative predictive value and likelihood of 
disease testing negative were 87.5 %, 85.4 %, 66.7 %, 95.3 %, 
and 4.6 %, respectively while the confi dence intervals of reliabi-
lity (95 %) for sensitivity and specifi city were 61.6–98.4 % and 
72.2–93.9 %, respectively. 

The proportion of the fetal zone was signifi cantly different 
between the studied PPI and control groups (p < 0.001), there was 
also a signifi cant difference between patients with true preterm de-
livery (PP) and imminent control group (PPI-C) (p < 0.001). On 
the contrary, the differences between control groups (PPI-C and 
C) were not signifi cant (p = 0.227). 

In conclusion, the aim of our study was to describe the fetal 
adrenal gland like as a marker that could differentiate the group 
of the imminent patients who are to deliver prematurely despite 
standard therapy (tocolytics, magnesium, antibiotics, corticoste-
roids, etc.). Recently, serious side effects of tocolytics and corti-
costeroids have been discussed. The use of these additive markers 
such as fetal adrenal glands can enable a stricter indication of this 
treatment for a more precisely selected group of truly threatened 
patients. Fetal adrenal glands measurement could be an additional
novel marker usable in distinguishing patients at high risk of 
preterm delivery. Using simple B-mode ultrasound seems to be 
reliable enough and makes this method available and technically 
accessible in routine practice.
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