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ABSTRACT
Introduction: The characteristics of the fetal adrenal gland can be evaluated using obstetric ultrasonography with different techniques. In
this country and in many others, data on the measurement of their volume by gestational age are not yet available.

Objective: To describe the outcomes of the measurement of the fetal adrenal gland volume by ultrasound evaluation using planimetry (2D)
and VOCAL technique (3D) in pregnant women between 18 and 40 weeks of gestation in two Latin American Maternal Fetal Medicine
Units.

Methods: Analytical cross-sectional study in which the volume of the fetal adrenal gland was evaluated by ultrasound in pregnant patients,
between 18 and 40 weeks of gestation, who attended two Maternal Fetal Medicine services.

Outcomes: 364 patients with mean age of 27.38 years (SD 6.26), with a median gestational age of 30.6 weeks (IQR 24.5- 35.4) were
included. The median volume of the fetal adrenal gland was found to have a positive relation between the gestation weeks with the
biparietal diameter, the head circumference and the abdominal circumference. Normal values were obtained for the studied population.
Percentile and normogram curves were obtained for each gestational age. The interobserver difference in the measurement was calculated.
We introduced a smoothed polynomial fractional formula where the volume of the FAG is a function of the gestational age and the
gestational age squared.

Conclusions: Fetal adrenal gland is measurable between 18 and 40 weeks of gestation; the planimetry and the VOCAL technique are
comparable to its measure, finding a directly proportional relation between its growth and the gestational age. The preliminary volumes of
the fetal adrenal gland obtained are comparable to those reported in the literature.
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INTRODUCTION

The fetal adrenal gland (FAG) appears at approximately 6
weeks of gestation as a condensation of coelomic epithelium
at the cranial end of the mesonephric kidney, occurring as a

transvaginal ultrasound. With transvaginal ultrasound, the
fetal adrenal gland can be clearly detected from the twelfth
week of gestation [5,6,11-13]. There are data in which the
gland length was measured in order to establish the

proliferation of epithelial cells at 8 weeks of gestation [1,2].
With the arrival of ultrasound, many authors have studied
the ultrasound appearance and measurement of the normal
fetal adrenal gland in the uterus [3-7]. These studies showed
that the size of the fetal adrenal gland is positively correlated
with gestational age and estimated fetal weight [8]. Besides
newborn, similarly, more and more is known about the
usefulness of the measurement of the adrenal gland in the
fetus [9,10].

The fetal adrenal gland has been the subject of various
previous ultrasound investigations, using transabdominal or
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parameters of normality [8,13]. Other researchers
emphasized the usefulness of volume measurement, not only
in 2D ultrasound but also in three-dimensional ultrasound
[2,12-14]. Three-dimensional ultrasound (US-3D) could be a
method to evaluate the volumes of fetal organs, particularly
in cases of asymmetric or irregular structures [15-17]. Thus,
the measurement of the three-dimensional volume of the
FAG is a good option to have an estimate of this organ,
therefore many reference curves for organ volumes have
been developed using US-3D [18-20]. However, in the case
of the volume of the FAG, there are few available reference
curves, which use the planimetry method [1,21]. In fact, to
our knowledge, we are not aware of Latin American or local
studies that show us the volumetric behavior of the gland in
different populations.

The objective of the present study was to determine the
volume of the fetal adrenal gland by ultrasonographic
evaluation using planimetry (2D), manual VOCAL
technique (3D) and automatic VOCAL technique (3D), in
pregnant women between 18 and 40 weeks of gestation, in
two Latin American Maternal Fetal Medicine units.

METHODS

Analytical cross-sectional study, in which ultrasound
measurement of the fetal adrenal gland was performed on
pregnant women, between 18 and 40 weeks of gestation,
who attended the Maternal Fetal Medicine Units of the
Bogota’s Hospital San José and Clinica Colsubsidio 94,
from September 2019 to April 2020.

Eligible patients for the study were women older than 18
years, normal pregnant women with a gestational age
between 18 and 40 weeks, who attended ultrasound
evaluation with singleton pregnancies. Those women with a
history of pregnancy pathologies such as threatened abortion
and/or preterm delivery, asymptomatic short cervix,
intraamniotic infection, hypertensive disorders, gestational
diabetes or any abnormality that could alter the placental-
fetal unit were excluded. Fetuses with major congenital
malformations, fetuses with congenital infection, or fetuses
with impaired fetal growth were excluded.

After signing the informed consent and having considered
the eligible patient, sociodemographic data were requested.
The ultrasound evaluation was performed with the latest
generation ultrasound equipment using B mode, 3D with the
Accuvix-V10 System (Samsung Medison, Seoul, Korea)
with multifrequency transabdominal transducer (4-8 MHz),
additionally, it was used the Accuvix-A30 equipment
(Samsung Medison, Seoul, Korea) with a multi-frequency
transabdominal transducer (4-8 MHz). To obtain the images,
the following presets were configured: Smooth, 4/5; FRQ,
low; quality, 6; enhance, 16; balance, G> 150; filter, 2;
power, 2 dB [22,23].

With the patient in the supine position, with the trunk above
30° approximately, the ultrasound evaluation was started
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according to the ISUOG-AIUM guidelines [24-26], and in
compliance with the institutional protocol. After biometry
and fetal morphological evaluation, FAG was evaluated in
the axial plane, which was identified as a spindle-shape, long
linear, echogenic image, with an anechoic halo located on
the renal silhouettes, on the side and side of the spine, in the
middle of the imaginary triangles formed by the inferior
vena cava, the vertebral body and the hepatic angle for the
right and for the left the triangle formed by the abdominal
aorta, the vertebral body and the splenic angle with the
visualization of the gastric chamber, in a plane superior to
the measurement of the abdominal circumference [25,26] as
described by Nyberg [27]. For the longitudinal plane, the
adrenal glands were identified on the respective left and
right renal pole, in the renal longitudinal section following
the plane of the spine. After identifying and with the dual
image, one for the axial plane and the other for the
longitudinal plane, we proceed to calculate the volume of the
FAG using the ellipse formula: longitudinal diameter x
anteroposterior diameter x transverse diameter x 0.523.
Same procedure for the contralateral adrenal gland.

Subsequently, with the 3D volumetric transducer, an
ultrasound scan was performed at the level of the abdominal
circumference with the repair points described above on the
FAG, with the following presets: MPR 5 multiplanar
reconstruction evaluation mode, scanning sweep angle
between 30° and 65°, with an ITE of 1 and a dynamic range
of 100. The volumes obtained were stored in the memory of
the ultrasound system. For the post-process evaluation of the
FAG, data were obtained from the memory of the ultrasound
equipment; the three planes obtained in 3D were evaluated.
For the post process, the Extended Three-Dimensional
imaging (3DXI) software (MEDISON) - 3DXI ® and
Virtual Organ Computarized Analyzes-VOCAL ® were
used. The upper and lower poles were adjusted at the limits
of the gland to be measured and the measurement was
started, first manually, recording the taking of 6 contours
every 30° each; the volume obtained in cubic millimeters
was saved and the histogram option was executed to obtain
the value of the medium gray number of the VOCAL image
that the equipment returns.

Then, the same process of adjusting the ultrasound
measurement parameters was repeated, but the obtaining of
the 6 contours was carried out automatically using the
general image type function after manual localization of the
upper and lower poles. Finally, the histogram was obtained
with the medium gray of the image obtained.

All the data were recorded in the collection instrument
designed for this purpose. The FAG measurement was
recorded: longitudinal, transverse and anteroposterior
diameters, manual VOCAL, automatic VOCAL, medium
gray for left and right, as well as fetal biometric parameters
such as, biparietal diameter, head circumference,
occipitofrontal diameter, circumference abdominal and
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femur length. From these measurements the data of the
estimated fetal weight and the percentile were obtained.

We calculated a sample size of 120 pregnant women for
each gestational age group (less than 32 weeks, 32 to 36
weeks and more than 37 weeks, total 360 pregnant women)
expecting a quadratic relation between gestational age and
the volume of the FAG by the different methods for
constructing nomograms.

A descriptive statistical analysis was performed,
summarizing the qualitative variables with absolute and
relative frequencies, and the quantitative ones using
measures of central tendency and dispersion according to
their statistical distribution. The Shapiro-Wilk test was used
to assess normality and the correlation between the volumes
of the FAG and the gestational age, and between the
volumes of the FAG and the parameters of the biometry and
the estimated fetal weight was evaluated, using dispersion
diagrams and Spearman'’s correlation coefficient. The values
of the different percentiles of the volumes of the FAG were
established according to the gestational age. A generalized
linear regression model of the volume of the FAG was
constructed based on the weeks of gestation. Finally, we
evaluated inter-rater agreement with a Lin coefficient, also
plotting the Bland and Altman limits of agreement, with a
95% confidence interval for volume by planimetry and
manual VOCAL. The statistical analysis of the information
was carried out in Stata V.13.

The study was approved by the research and ethics
committee of the participating institutions.

OUTCOMES

A total of 364 patients who underwent obstetric ultrasound
evaluation, with gestational ages between 18 and 40 weeks,
from two Latin American Maternal Fetal Medicine Units in
the period from September 2019 to March 2020 were
included. The age of the patients was on average 27.4 (16-
45, +/- 6.26 years). Gestational age was calculated by the
first ultrasound, presented a minimum value of 18.2 weeks
and a maximum of 40.1 weeks (Median = 30.6 weeks RIQ
24.5-35.4). 54.4% (198). 43.7% (159) were nulliparous,
56.3% (205) had at least one living child. 16.8% (61) of the
patients had previous gestational losses. 84.1% (306) had a
history of vaginal delivery while 15.9% (58) gave birth by
caesarean section (Table 1).

The BPD between 40.7 to 114 mm, with a median of 78 mm
(IQR 61.1-87.2). The head circumference between 148 to
383.2 mm with a median of 282 mm (IQR 224.3-316.3). The
occipitofrontal diameter between 39.9 to 201 mm with a
median of 97 mm (IQR 78-108.7). The abdominal
circumference between 114.5 to 380 mm with a median of
260 mm (IQR 199 to 310.8). The length of the femur
between 20.4 to 77 mm with a median of 57.9 mm (IQR
44.2-66.2). The estimated fetal weight between 236 to 3,770
gr, with a median of 1,605 gr (IQR 683-2581) (Table 2).
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The median length of the left FAG was 17.7 mm (IQR 14-
21.1) and for the right FAG was 17.9 mm (IQR 14-22). The
anteroposterior diameter presented a median for the left
FAG of 6.9 mm (IQR 3.9-10) and for the right one of 7.51
mm (IQR 3.9-10.6). The transverse diameter of the left FAG
presented a median of 0.72 mm (IQR 0.23-2.07), while for
the right FAG was 13.2 mm (IQR 7.25-16.58). The volume
by planimetry of the left FAG presented a median of 0.72 cc
(IQR 0.23-2.07) and for the right one was 1.04 cc (IQR 0.39-
2.07). The manual VOCAL volume for the left FAG
presented a median of 0.74 cc (IQR 0.37-2.03), while for the
right FAG was 0.97cc (IQR 0.45-2.1). The automatic
VOCAL volume presented a median of 0.89 cc (IQR 0.4-
2.02) for the left FAG, while for the right one was 1.16 cc
(IQR 0.5-2.09). For the left FAG, the medium gray manual
VOCAL presented a median of 60.4 (IQR 46.7-84.2), for the
right FAG a median of 61.97 was found (IQR 47.36-87.99).
The medium gray automatic VOCAL presented a median for
the left FAG of 61.8 (IQR 43.99-83.44) and for the right
FAG was 62.45 (IQR 47.1-89.03). The difference between
these measures was evaluated by means of a student's t test
and Wilcoxon's rank test, comparing the left FAG with the
right one. No statistically significant differences were found
between them (Table 3).

When comparing the median obtained from the volume of
the left and right FAG and their average, no statistically
significant difference was found using the planimetry
volume technique (p-value: 0.62), the manual VOCAL
volume (p-value: 0.58) and the automatic VOCAL (p-value
0.75). Spearman's correlation coefficient, for planimetry as
automatic and manual VOCAL volumes with respect to
gestational age, presented a positive relationship
(Spearman’s Rho between 054 to 0.74) (Figures 1-4 and
Tables 4-6).

When comparing the median obtained from the volume of
the left and right FAG and their average, no statistically
significant difference was found using the planimetry
volume technique (p-value: 0.62), the manual VOCAL
volume (p -value: 0.58) and the automatic VOCAL (p-value
0.75). Spearman's correlation coefficient, for planimetry as
automatic and manual VOCAL volumes with respect to
gestational age, presented a positive relationship
(Spearman’s Rho between 054 to 0.74) (Figures 1-4 and
Tables 4-6).

Taking into account that the calculated volumes of the FAG
are the same for the left FAG and for the right one, the
planimetry nomograms and manual VOCAL are presented
(Tables 4 and 5, Figures 5 and 6).

Table 7 shows the formulas for predicting volumes based on
gestational age. The automatic VOCAL volume of FAH was
determined according to the following formula: -0.26xEG +
0.007 * EG " 2 + 3.09 and the planimetry was given by the
formula: -0.22 * EG + 0.006 * EG ~ 2 + 2.39. The formula
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corresponding to the manual VOCAL volume was: -0.33 *

EG +0.0076 * EG ~ 2 + 4.01 (Table 7).

Table 1. Baseline characteristics of the study population.

Sociodemographic characteristics
Age, mean (SD)

Schooling

Incomplete elementary school
Complete elementary school
Incomple high school
Complet high school
Associate degree

Higher education
Occupation

Housekeeper

Employee

Self-employed person
Student

Number of abortions

0

1

2

3 or more

Number of children alive

0

1

2

8

4 or more

Number of cesarean sections
0

1

2

Weeks of gestation according to the first ultrasound, median (IQR)

Weeks of gestation according to biometric measurements, median (IQR)

n=364 (%)
27.38 (6.26); Min: 16, Max: 45

3(0.82)
7(1,92)

22 (6.04)
198 (54.39)
84 (23.08)
50 (13.74)

119 (32.8)
207 (56,8)
32(87)
6 (1,64)

303 (83.24)
45 (12.36)
12 (3.3)

4 (1.09)

159 (43.68)
163 (44.78)
31(8.52)
7(1.92)

4 (1,09)

306 (84.07)

51 (14.01)

7 (1.92)

30.6 (24.5-35.4). Min: 18.2. Max: 40.1
30,3 (24.35-35). Min: 18.3. Max: 40

Table 2. Fetal measurements.

Fetal biometric parameters, median (interquartile rage)
Biparietal Diameter — BPD (mm)

Head circumference (mm)

Occipitofrontal distance — OFD (mm)

Abdominal circumference (mm)

Femur length (mm)

Estimated fetal weight (gr)

Estimated Fetal Weight Percentile (%)

Amniotic fluid volume (cc)

SciTech Central Inc.
Int J Clin Case Stud Rep (IJCCSR)

78 (61.1-87.2). Min: 40.7. Max: 114
282 (224.3-316.3). Min: 148. Max: 383.2
97 (78-108.7). Min: 39.9. Max 201
260 (199-310.8). Min: 114.5. Max: 380
57.9 (44.2-66.2). Min: 20.4. Max: 77
1605 (683-2581). Min: 236. Max: 3770
33 (20-54). Min: 7. Max: 92
13 (11-16). Min: 6. Max: 25
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Table 3. Measurements of the adrenal gland.

Measure Right gland. Median (IGR). Left gland. Median (IQR). @ Total, Median (IQR).
Min - Max. (N = 215) Min- Max. (N = 149) Min-Max. (364)
Length (mm) 17.9 (14-22). 0.63-30 17.7 (14-21.1). 1.6-33.18 17.9 (14-21.86). 0.63-33.18
Antero posterior (mm) 7.51(3.9-10.6). 0.31-19 6.9 (3.9-10). 0.21-24.62 7.3 (3.9-10.58). 0.21-24.62
Transverse (mm) 13.2 (7.25-16.58). 0.65-26.25 10.93 (5-16.63). 0.41-25.79 12 (6.1-16.6). 0.41-26.25
Planimetry (cc) 1.04 (0.39-2.065). 0.02-14 0.72 (0.23-2.07). 0.01-7.71 0.97 (0.34-2-07). 0.01-14
Manual VOCAL volume (cc) 0.965 (0.453-2.1). 0.015-7.44 0.74 (0.37-2.03). 0.01-9.14 0.91 (0.4-2.05). 0.01-9.14
Automatic VOCAL volume = 1.155 (0.52-2.09). 0.026-9 0.89 (0.4-2.02). 0.028-7.19 1.07 (0.45-2.09). 0.026-9
(co)
Medium gray manual VOCAL  61.97 (47.36-87.99). 11.66- 60.4 (46.72-84.2). 2.66-153 61.35 (47.27-87.01). 2.66-
188.9 188.9
Medium  gray  automatic = 62.45 (47.1-89.03). 18.6- 61.82(43.99-83.44).18.06-154 62.38  (46.3-85.9).  18.06-
VOCAL 185.62 185.62

Table 4. Planimetry percentiles of the FAG according to gestational age.

Week P1 P5 P10 P25 P50 P75 P90 P95 P99
18 0.02 0.02 0.02 0.02 0.02 0.025 0.03 0.03 0.03
19 0.02 0.02 0.02 0.03 0.135 0.43 1.03 1.03 1.03
20 0.04 0.04 0.04 0.07 0.25 0.34 0.37 0.44 0.44
21 0.03 0.03 0.04 0.05 0.36 0.58 1.9 24 24

22 0.07 0.07 0.07 0.38 0.42 0.58 0.6 0.68 0.68
23 0.01 0.035 0.06 0.105 0.445 0.78 1.45 2.45 3.3

24 0.05 0.05 0.05 0.38 0.57 0.68 0.78 0.95 0.95
25 0.07 0.07 0.14 0.31 0.66 0.85 0.9 1.12 1.12
26 0.02 0.02 0.02 0.04 0.1 0.4 0.78 0.78 0.78
27 0.04 0.06 0.115 0.195 0.385 1.235 2.135 2.61 3.02
28 0.02 0.02 0.04 0.21 0.81 111 1.23 1.62 1.62
29 0.07 0.07 0.08 0.83 1.165 1.68 4.2 4.9 4.9

30 0.08 0.14 0.17 0.93 1.055 1.3 1.59 1.79 1.84
31 0.09 0.16 0.16 0.21 1.2 1.76 1.9 1.95 2.2

32 0.8 0.8 1.06 1.175 1.93 2.065 2.2 2.23 2.23
33 0.21 0.23 0.24 0.31 0.5 1.83 2.51 2.52 14

34 0.29 0.29 0.37 0.5 1.7 2.1 3 4.8 4.8

35 0.13 0.18 0.2 1.2 1.86 2.51 2.84 3.04 3.77
36 0.15 0.22 0.41 1.32 2.195 2.86 3.86 4.25 4.38
37 0.43 1.05 1.29 1.7 2.38 3.06 3.44 3.49 7.71
38 1.99 1.99 2.2 2.4 2.74 3.03 3.44 3.44 3.44
39 0.83 0.83 1.71 2.61 2.86 2.99 3.49 3.93 3.93
40 1.08 1.08 1.08 2.03 3.045 3.37 3.81 3.81 3.81
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Figure 1. Planimetry by gestational age according to the first ultrasound.
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Figure 2. Manual VOCAL volume by gestational age according to the first ultrasound.
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Figure 3. Automatic VOCAL volume by gestational age according to the first ultrasound.

Int J Clin Case Stud Rep (IJCCSR)

Molina-Giraldo S, Pinto ML, Torres FRV, Arias JLR, Montafia PFA, et al.

164



Int J Clin Case Stud Rep, 3(2): 163-179

Molina-Giraldo S, Pinto ML, Torres FRV, Arias JLR, Montafia PFA, et al.

=
S
“
o o
vs-" 5 » * . . . > 5
® 5 oo. - .. °
T ® P o =
L ® o Y Py
8 - . e s Ot
— .... “. ';. . ..% .u.. .“:...i:.‘:.
. ..‘ * e b s T 11T ki
. vz 380 e s .A Lo o
210 :lo‘?o LY A ‘4{°~:‘|:.. $,0.‘) ed o’
03‘ .: ap % : @ .: ® ® ;. 0.
.. ot se % 2 2: o % oo
o - °
Geslational age according3 ?o the first ulu'as:zfmd =
=
S
>
'8-- e Py . ¢ B . o °
» o? ° u
“e = “ o . * ,* .:'.
8 @ . . i ° .. o
-1 %e% o« o ° :'.‘. .....o .‘o..‘
. w . !.0 .’. .Q.. .~ 5 .': 3‘...0:.
’0 5;0 '. .:"‘.‘... ‘0‘0
= : .‘ bt i < XTI 2..“. R o’
o - 0.0.".0.: '.0 .v‘::'.v Y ’3.& fies .:
" O: ®e ¢ % !: of $ o, 4
°-1
0
Geslational age acoordings ?o the first ultrasound ¢

Figure 4. Medium gray by gestational age according to the first ultrasound.

SciTech Central Inc.
Int J Clin Case Stud Rep (IJCCSR)

164



Int J Clin Case Stud Rep, 3(2): 163-179 Molina-Giraldo S, Pinto ML, Torres FRV, Arias JLR, Montafia PFA, et al.

Table 4. Planimetry percentiles of the FAG according to gestational age.

Week P1 P5 P10 P25 P50 P75 P90 P95 P99
18 0.02 0.02 0.02 0.02 0.02 0.025 0.03 0.03 0.03
19 0.02 0.02 0.02 0.03 0.135 0.43 1.03 1.03 1.03
20 0.04 0.04 0.04 0.07 0.25 0.34 0.37 0.44 0.44
21 0.03 0.03 0.04 0.05 0.36 0.58 e 2.4 2.4

22 0.07 0.07 0.07 0.38 0.42 0.58 0.6 0.68 0.68
23 0.01 0.035 0.06 0.105 0.445 0.78 1.45 2.45 33

24 0.05 0.05 0.05 0.38 0.57 0.68 0.78 0.95 0.95
25 0.07 0.07 0.14 0.31 0.66 0.85 0.9 1.12 1.12
26 0.02 0.02 0.02 0.04 0.1 0.4 0.78 0.78 0.78
27 0.04 0.06 0.115 0.195 0.385 1.235 2.135 2.61 3.02
28 0.02 0.02 0.04 0.21 0.81 111 1.23 1.62 1.62
29 0.07 0.07 0.08 0.83 1.165 1.68 4.2 4.9 4.9

30 0.08 0.14 0.17 0.93 1.055 13 1.59 1.79 1.84
31 0.09 0.16 0.16 0.21 1.2 1.76 1.9 1.95 2.2

32 0.8 0.8 1.06 1.175 1.93 2.065 2.2 2.23 2.23
33 0.21 0.23 0.24 0.31 0.5 1.83 2.51 2.52 14

34 0.29 0.29 0.37 0.5 17 2.1 3 4.8 4.8

35 0.13 0.18 0.2 2 1.86 2.51 2.84 3.04 3.77
36 0.15 0.22 0.41 1.32 2.195 2.86 3.86 4.25 4.38
37 0.43 1.05 1.29 il 2.38 3.06 3.44 3.49 7.71
38 1.99 1.99 2.2 2.4 2.74 3.03 3.44 3.44 3.44
39 0.83 0.83 171 2.61 2.86 2.99 3.49 3.93 3.93
40 1.08 1.08 1.08 2.03 3.045 3.37 3.81 3.81 3.81

Table 5. Manual VOCAL volume percentiles of the FAG according to gestational age.

Week P1 25 P10 P25 P50 P75 P90 P95 P99
18 0.032 0.032 0.032 0.08 0.185 0.36 0.47 0.47 0.47
19 0.09 0.09 0.09 0.1 0.15 0.3 0.56 0.56 0.56
20 0.01 0.01 0.02 0.04 0.04 0.42 0.53 0.66 0.66
21 0.04 0.04 0.04 0.25 0.39 0.69 0.71 0.71 0.71
22 0.08 0.08 0.25 0.36 0.45 0.57 0.69 0.72 0.72
23 0.11 0.11 0.11 0.16 0.47 0.6 0.74 114 151
24 0.02 0.02 0.07 0.4 0.56 0.62 0.88 0.89 0.89
25 0.09 0.09 0.12 0.29 0.67 0.88 0.91 0.91 0.95
26 0.14 0.14 0.14 0.15 0.42 0.73 0.76 0.76 0.86
27 0.11 0.11 0.12 0.16 0.47 0.87 1.8 2.07 2.59
28 0.04 0.04 0.05 0.14 0.78 0.91 1.25 1.76 1.76
29 0.05 0.05 0.09 0.88 1.18 1.48 1.55 2.26 2.96
30 0.072 0.971 0.48 0.67 1.03 141 1.61 17 1.78
31 0.06 0.067 0.09 0.161 1.01 1.51 1.81 221 2.4

32 0.72 0.72 0.91 1.03 181 2.025 2.1 2.3 2.3

33 0.034 0.14 0.19 0.47 0.79 1.78 2.39 241 2.5

34 0.14 0.14 0.21 0.76 1.63 2.03 2.5 2.99 2.99
35 0.11 0.19 0.21 1.24 A7) 2.6 2.76 3.13 3.77
36 0.18 0.28 0.48 1.39 2.26 3.14 4.19 4.36 4.47
37 0.59 1.02 11 1.8 2.66 3.09 &5 3.57 3.57
38 2.02 2.02 2.25 2.46 2.86 3.12 3.56 3.67 3.67
39 1.04 1.04 2.05 2.46 2.79 2.94 3.34 3.84 3.84
40 1.24 1.24 1.24 2.01 3.09 3.61 &8 8io 8IS

e —
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Table 6. Automatic VOCAL volume percentiles of the FAG according to gestational age.

Week P1 B5; P10 P25 P50 P75 P90 P95 P99
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Figure 5. Planimetry nomogram for gestational age.
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Figure 6. Manual VOCAL volume nomogram for gestational age.

Table 7. FAG volume prediction formulas by gestational age.

Measurement

Planimetry

Manual VOCAL Volume of the FAG

Automatic VOCAL Volume of the FAG
*GA: Gestational Age

Formula

-0.22*GA + 0.006* GA"2 + 2.39
-0.33*GA + 0.0076* GA"2 + 4.01
-0.26*GA+ 0.007* GA"2 + 3.09

Table 8. Correlation * between the volume of the FAG obtained with the different techniques and the parameters of the fetal

biometry.

Volume Biometrics Parameters

Measurement | Biparietal = Head OccipitofrontaldistanceOFD = Abdominal Femur Estimated Amniotic
Technique of | Diameter | circumference Circumference | length  fetal fluid
The Fag BPD AC weight volume
Planimetry 0.65 0.68 0.61 0.71 0.67 0.7 -0,23
Manual 0.66 0.69 0.57 0.71 0,67 0,71 -0,22
VOCAL

Automatic 0,68 0,71 0,59 0,74 0.7 0.74 -0,24
VOCAL

*Spearman correlation coefficient
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y=0 is line of perfect average agreement

Figure 7. Limits of agreement in volume by planimetry of the FAG.
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Figure 8. Limits of agreement in manual VVocal of the FAG.

Table 9. Lin's concordance correlation coefficient.

Lin’s concordance correlation coefficient
0.992 [IC 95% 0.987-0.997]
0.994 [I1C 95% 0.990-0.998]
0.987 [IC 95% 0.980-0.995]
0.979 [IC 95% 0.967-0.991]
0.998 [IC 95% 0.996-0.999]

Bland-Altman limits

-0.152 [IC 95% -1.322-1.018]
-0.015 [IC 95% -0.644-0.615]
-0.084 [IC 95% -1.382-1.214]
-0.024 [1C 95% -0.283-0.235]
-0.004 [1C 95% -0.085-0.077]
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When evaluating the correlation between volume by
planimetry and fetal biometry parameters, an intermediate
positive correlation was found (Spearman's rho between 0.6
to 0.74) with biparietal diameter, head circumference,
abdominal circumference, femur length and estimated fetal
weight. A weak negative correlation with the volume of
amniotic fluid. Those results also apply to manual and
automatic VOCAL volume (Table 8).

The mean gray measurements for manual and automatic
VOCAL volume did not have a statistically significant
correlation with the other volume measurements or with
weeks of gestation (Spearman's Rho between 0.2 and 0.31).

When evaluating the inter-observer agreement for volume by
planimetry and manual VOCAL using the Lin coefficient we
found a value of 0.979 [95% CI 0.967-0.991] and 0.998
[95% CI 0.996-0.999], respectively. On the other hand,
when evaluating the limits of agreement according to Bland
and Altman, we found a difference of -0.024 [95% CI -
0.283-0.235] for volume by planimetry and -0.004 [95% CI -
0.085-0.077] for the VOCAL volume Handbook (Figures 7
and 8 and Table 9).

When evaluating the correlation between volume by
planimetry and fetal biometry parameters, an intermediate
positive correlation was found (Spearman's rho between 0.6
to 0.74) with biparietal diameter, head circumference,
abdominal circumference, femur length and estimated fetal
weight. A weak negative correlation with the volume of
amniotic fluid. Those results also apply to manual and
automatic VOCAL volume (Table 8).

DISCUSSION

Classically, most studies have introduced the planimetry
technique as a technique for measuring volume [1,5-
7,11,13,28,29,30].However, we know from the anatomical
point of view and from the point of view of the sonographic
correlation that the FAG have an irregular shape, therefore
we could not assume that both FAG have an ovoid shape,
however, Chang's studies [21], and Jamigorn et al. [8] found
that the measurements of the FAG are directly proportional
to the weeks of gestation, with an adequate correlation
between the calculation of the volume of FAG by the
planimetry technique. The manual VOCAL technique uses
the rotational method to generate the volume of the
evaluated structures [31]. The volume is generated, not by
the sum of the areas as in the planimetry, but by two-
dimensional triangulation of a determined number of
previously drawn two-dimensional planes. A certain number
of planes must be contoured in the rotary path of a
hemisphere until completing 180°. The program allows to
choose between 4 rotation steps 30°, 15°, 9° and 6°, and then
it will rotate the image of the chosen plane [31]. In our
measurement of the FAG at 30°, we made the image contour
in 6-planes, which allowed us to obtain an image very
similar to the actual morphology of the FAG [24-

Molina-Giraldo S, Pinto ML, Torres FRV, Arias JLR, Montafia PFA, et al.

26].VOCAL technique in automatic mode, allows generating
the volume of the FAG as in the manual VOCAL technique,
generating the contour determining the same number of
planes in the 180° rotary path, after adjusting the calipers at
the upper pole and lower part of the FAG, in order to delimit
the image and obtain its volume. By this method, the
operator does not contour the FAG and the equipment
automatically dumps the volume [31]. According to the
literature review, this is the first time that the automatic
VOCAL has been used to assess the volume of the FAG.

We also calculate the mean gray [31]. In our study, we were
able to calculate the mean gray for all cases, configuring
ourselves in a simple technique that is automatically
achieved after having obtained the virtual volume
(VOCAL). Although the FAG presents a gray scale that
creates different textures in terms of the dynamic range, that
is, it has different nuances due to the sono-echographic
characteristics, we were unable to demonstrate a correlation
between the voxel gray average with respect to two-
dimensional / Pixel images. (Spearman's Rho P> 0.05)
(Figure 4) [31]. The above would be explained because the
automatic VOCAL has some shapes that did not correlate
with the actual shape of the FAG. However, it was also not
correlated with the manual VOCAL, which is more faithful
to the anatomy of the gland. No correlation was found
between the mean gray with the GA. We consider it
necessary to carry out future studies in order to establish the
real utility of the mean gray [32].

Chang [21] obtained one of the first reference curves for the
volume of the FAG using 3D ultrasound, in this study the
5th and 95" percentiles reported at 37 weeks of gestation by
planimetry were 3.33cc and 5.55cc, respectively. While in
our study at the same gestational age they were 1.24 cc for
the 5th percentile and 3.9cc for the 95" percentile. The
above shows a marked difference between the Taiwanese
nomogram, which represents the eastern population, with
our Latin-American population, while the study by Helfer
[1], using VOCAL, found smaller-volumes, such as 0.248
and 1.15 cc for the 5th and 95th percentile, respectively, -at
37 weeks. Our group evaluated the total volume that
includes the fetal area and the definitive area. Jamigorn et al.
[8] measured the FAG by 2D ultrasound differentiating the
fetal and definitive area by gestational age, however, it did
not report FAG volumes.

Among the strengths of our study, we use various methods
of measuring the volume of the FAG, which allowed us to
make a comparative analysis of the results and determine the
effectiveness of the different techniques. In addition, we
have a sufficient sample size for each gestational age group,
so nomograms were made for the volume of the FAG by
gestational age, calculating the different percentiles, thus
establishing the expected normal values for our population
(Tables 4-6) (Figures 5 and 6). We introduce a smoothed
polynomial fractional formula where the volume of the FAG
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is a function of the gestational age and the gestational age
squared (Table 10). When evaluating the volume of the left

Molina-Giraldo S, Pinto ML, Torres FRV, Arias JLR, Montafia PFA, et al.

value> 0.05), so we decided not to distinguish the laterality

of the gland when generating the nomograms and correlate

and right FAG, we show that there are no statistically  with other variables.

significant differences between the results obtained (P

Table 10. Comparison of prediction formulas in different studies.

Study Weeks of gestation Sample size Formula

Chang [21] 21 to 40 weeks 119 - 0.2683 x AG + 0.0082 x AG"2 + 3.1927

Helfer [1] 24 to 37 weeks 204 FAG = -0.937 +0.041*AG. Fetal Zone = -
0.2 + 0.009*AG

Molina-Giraldo y cols. 18 to 40 weeks 364 -0.33*AG + 0.0076* AG"2 + 4.01

2020

We also evaluated inter-observer agreement for volume by
planimetry and manual VOCAL using the Lin coefficient,
finding a value of 0.979 [95% CI 0.967-0.991] and 0.998
[95% CI 0.996-0.999], respectively, which expresses that
more than 95% of the measurements were similar without
statistically significant differences between the data.
Similarly, using the Bland and Altman method, we found a
difference of -0.024 [95% CI -0.283-0.235] for planimetric
volume and -0.004 [95% CI -0.085-0.077] for manual
VOCAL volume which means the smallest difference
between the measurement data. To our knowledge, this
difference had not been reported specifically for the
measurements of the volumes of the FAG, which makes this
measurement reproducible, provided that the observers have
adequate training.

The VOCAL technique requires a learning curve to achieve
better performance from it, since it is not a routine
ultrasound modality and therefore not all specialists in
Maternal Fetal Medicine are familiar with it; In addition, its
correct processing requires knowledge of both the anatomy
of the organ to be evaluated and the ultrasound parameters
that must be adjusted before, during and after the process to
obtain the best possible image [33-36].

This study has generated a nomogram of the volume of the
FAG for a Latin-American population, which has specific
differences from some reports in the literature (Figures 9
and 10).

Figure 9. 2D ultrasound in B mode. Abdominal circumference plane. The full arrow shows the right adrenal gland, the thin
arrow shows the left adrenal gland. ST, Stomach, UV Umblical vein.
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Figure 10. 3D Ultrasound. Render mode is observed with the three evaluation planes. Lower right figure shows VOCAL

reconstruction of fetal adrenal gland with volume calculation.
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