Med. J. Cairo Univ., Vol. 90, No. 1, March: 351-358, 2022

www.medicaljour nal ofcair ouniver sity.net

The Fetal Liver Volume Assessment by Three-Dimensional Ultrasound
as a Parameter to Monitor Fetal Growth

ASSEM A. MOUSA, M.D.*; MOHAMMED A. MOHAMMED, M.D.*;
MOHAMMED I. EL-MOHANDES, M.D.** and RAMY G. AHMED, M.Sc.*

The Department of Obstetrics & Gynecology, Faculty of Medicine, Al-Azhar University* and El-Galaa Teaching Hospital**

Abstract

Background: Measurement of fetal abdominal circumfer-
ence is considered the mainstay of ultrasonographic determi-
nation of fetal growth and estimation of fetal weight. The
fetal liver makes up most of the abdomen, as measured by
means of abdominal circumference. Measurement of fetal
liver volume to identify fetal growth restriction is of interest,
since both the human and the rat have severely depleted
hepatic glycogen stores associated with growth restriction.

Aim of Sudy: To assess the growth of the fetal liver in
normal pregnancies and to evaluate the ability of fetal liver
volume measurement for prediction of intra-uterine growth
restriction.

Patients and Methods: Three-dimensional sonographic
examinations were performed on 100 pregnant women. Those
women were scanned twice during pregnancy, at 20-28 weeks
and 34-40 weeks gestation. At each scan, HC, AC and FL
were measured. In addition, 3D ultrasound was performed to
obtain avolume of 3D data set of the fetal upper abdomen,
and then, VOCAL software was used to calcul ate the fetal
liver volume (LV). Women were then followed-up till delivery
and had their babies weighed after birth.

Results: A statistically significant positive correlation
was found between liver volume and both gestational age and
birth weight. Liver volume measurement in the late 2 nd
trimester was found to be superior to HC, AC and FL asa
predictor for birth weight.

Conclusions: Our findings suggest that liver volume may
be a useful measurement for early detection and diagnosing
growth restricted fetuses.
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Introduction

THE small-for-gestational-age fetus is currently
defined as having a birth weight below the 10th
percentile for gestational age. In fetuses at high
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risk for small-for-gestational-age, abdominal cir-
cumference below the 10th percentile had the great-
est common sensitivity and estimated fetal weight
below the 10th percentile had the greatest common
oddsratio [1].

Han and Lean [2] reported that reduced liver
sizeis currently thought to be the major factor
contributing to the reduced abdominal circumfer-
ence. The liver occupies most of the upper abdom-
inal cavity, and itis the first organ to be affected
by intra-uterine growth restriction (IlUGR). Feta
liver weight is reduced in animal models of IUGR,;
therefore, direct measurements of fetal liver size
may enhance early detection of the fetus at risk of
IUGR [3].

Fetal liver volume (LV) measurements by echo
planar magnetic resonance imaging have been
reported [4] . It was suggested that the measurement
of fetal liver volume has the potential to contribute
to early assessment of fetal growth. However,
examination of the fetus by magnetic resonance
imaging is limited because of arelatively long
acquisition time, artifacts caused by fetal move-
ments, high cost, and limited acceptance by preg-
nant women [5].

Sonographic imaging techniques have been
improved considerably and three-dimensional ul-
trasonography (3DUS) for imaging of the fetusis
now available. Potential obstetric applications of
three-dimensional ultrasonography for systematic
examination of the developmental stages of the
fetus [6], detection of fetal malformations [7], and
birth weight prediction [8] have been reported.
There have been also some reports on the growth
of the fetal liver volume measured by three-
dimensional ultrasonography in normal pregnancy
[9] and growth-restricted fetuses [10] .

It iswell-documented that fetal growth restric-
tion may have increased risks of perinatal morbidity
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and mortality. Early detection of fetal growth

restriction is crucial in prenatal care and daily

practice. Liver volumeis very important in deter-

mining the status of fetal growth. However, to
measure human fetal liver volume in utero precisely
and noninvasively is not an easy task. With the
recent advancement of three-dimensional ultra-

sound, the limitation in assessing fetal liver volume
by two-dimensional ultrasound can be overcome.
Fetal liver volume assessed by quantitative three-
dimensional ultrasound can be used to predict
fetuses with growth restriction antenatally [11].

Aim of the study was to assess the growth of
the fetal liver in normal pregnancies and to evaluate
the ability of fetal liver volume measurement for
prediction of intra-uterine growth restriction.

Patients and M ethods

This prospective study was conducted at the
fetal medicine unit of El-Galaa Teaching Hospital
over aperiod of two years and eight months com-
mencing December 2011 till August 2014. We
recruited 124 pregnant women. A hundred women
had technically acceptable ultrasound liver record-
ings. An ultrasound liver recording qualified as
acceptable if the entire contour of the liver could
be manually outlined. If this parameter was not
fulfilled, a new volume data set was obtained.
Twenty-four women either had unacceptable liver
recording or failed to attend for the 2 nd scan due
to preterm delivery or failure of follow-up.

All pregnancies were Egyptian women who
attended El-Galaa Teaching Hospital antenatal
clinic for follow-up and antenatal care services.
Maternal age was 18-40 years (mean, 25.5 years).
Women were recruited to participate in the study,
which comprised of two ultrasound scans in the
late second (20-28 weeks) and late third (34-40
weeks) trimesters, in addition to measuring the
actual baby's weight after birth.

Fetal age determination was estimated from the
first day of the last menstrual period or by the first
trimester dating ultrasound scans. All deliveries
were made in our teaching hospital and birth
weights measured within the first 24 hours of
delivery.

Inclusion criteriawere primigravida, singleton
intrauterine pregnancies and gestational age of 20
to 28 weeks and then between 34 and 40 weeks.
Multiparas, multiple pregnancies, and women who
were unsure of dates and had no early dating scans
were excluded from our study.

Each patient was scanned twice during her
pregnancy; the first scan was at the late second
trimester, i.e., between 20-28 weeks, and the second
follow-up scan was at the late third trimester i.e.,
between 34-40 weeks. Thiswas performed using
a GE Voluson 730 PRO ultrasound system provided
with the Virtual Organ Computer-aided Analysis
(VOCAL) software. A 5-MHz trans-abdominal 3D
transducer was used.

In each scan, head circumference (HC), abdom-
inal circumference (AC) and femur length (FL)
were measured and recorded. VOCAL was used
to calculate the fetal liver volume (LV) in the two
scans for each pregnant woman. A cross section
of the fetal liver was obtained in the same plane
used to measure the abdominal circumference.
Then, the 3D volume box was opened and adjusted
to the cross section of the fetal abdomen (Regionof
Interest) and the fetal abdomen scanned to obtain
a 3D data set. The sweep angle was set at 90°.
Volume acquisition lasted less than 1min. This
produced a multiplanar image showing the fetal
abdomen in three planes (transverse, longitudinal
and coronal) (Fig. 1A,B,C). VOCAL software was
then used with athirty-degree rotational method
obtaining a sequence of six sections of the fetal
liver around afixed axis. Then, the borders of the
fetal liver were traced manually to complete its
circumference. After finishing the six sections, the
software automatically displays a 3D image of the
fetal liver and calculates its volume (Fig. 2A,B).
Thiswas recorded and statistically analyzed.

Women who had all four measurements (HC,
AC, FL, and LV) taken and recorded twice during
their pregnancies, were followed-up until delivery
and had their babies weighed within the first 24
hours and the actual birth weights recorded.

Satistical analysis:

The collected data were coded, processed and
analyzed using the SPSS (Statistical Package for
Social Sciences) version 22 for Windows® (IBM
SPSS Inc, Chicago, IL, USA). Data were tested
for normal distribution using the Shapiro Walk
test. Qualitative data were represented as frequen-
cies and relative percentages. Data were statistically
described in terms of mean * standard deviation
(+SD) and range, or frequencies (number of cases)
and percentages when appropriate. Paired t-test
was used to compare quantitative variables, whereas
correlation coefficient test (r-value) was used to
rank variables positively or inversely. p-values less
than 0.01 were considered as highly significant,
less than 0.05 were considered statistically signif-
icant, while p-values more than 0.05 were consid-
ered as statistically insignificant.
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Fig. (1): Fetal liver volume by VOCAL (Multiplanar view) at (A) 34 weeks, (B) 35 weeks and (C) 39 weeks.



354 The Fetal LV Assessment by 3D Ultrasound as a Parameter to Monitor Fetal Growth

(A)

(B)

Fig. (2): A 3D image of liver by VOCAL for the same fetus at (A) 23 weeks and (B) 34 weeks.

Results

Out of the 100 pregnancies, the number of
confirmed normally developed fetuses was 91, the
number of growth-restricted fetuses was 6 and the
number of large-for-gestational-age fetuses was 3.

For all 100 cases, mean gestational age at de-
livery was 38.25 weeks +1.7 (SD) and ranged from
34 to 42 weeks, while mean birth weight was
3081.5g+455 with arange of 1150 to 4600g. Re-
garding the growth-restricted fetuses, mean gesta-
tional age was 36.6 weeks ranging from 34 to 39
weeks, and mean birth weight was 1650g+95 and
ranged from 1150 to 2100g. In large-for-gestational -
age fetuses, mean gestational age was 38.3 weeks
with arange from 38 to 39 weeks, and a mean
birth weight of 4466g+505 with a range from 4300
to 4600g.

The study showed that mean fetal liver volume
was 20.03mL 5.1 in the late 2 nd trimester (20-28
weeks) with arange from 11.8 to 39.8mL and 102
mL+19.6 in the late 3rd trimester (34-40 weeks)
which ranged from 53.6 to 161ml. Mean head
circumference was 206.9mm=+19 in the late 2 nd
trimester (range from 169 to 253mm) and 316.6mm
+16 in the late 3rd trimester (range from 275 to
368mm).

Mean abdominal circumference was 176mmz+
19.8 in the late 2nd trimester (range from 139 to
237mm) and 307mm=25 in the late 3 rd trimester
(range from 228 to 384mm). Mean femur length
was 39.4mmz=4.5 in the late 2 nd trimester (range
from 29.6 to 53.6mm) and 68mm+3.2 in the late
3rd trimester (range from 56.7 to 78mm) (Table
1).

The following table and graph demonstrate the
percentage of increase between the 2 nd and 3rd

trimester measurements in each of the four param-
eters(LV, HC, ACand FL) (Table 2).

There was a statistically significant positive
correlation between liver volume measured in the
late 2nd trimester and birth weight by using corre-
lation coefficient test.

Based on this significantly positive correlation,
birth weight can be predicted from the late 2 nd
trimester liver volume measurement using the
following equation:

W=mL+Db

W = Birth Weight, m = 200 calcul ated by equa-
tion (slope), L = any value of liver volume b =
intercept = -14

There was statistically significant positive cor-
relation between gestational age versus different
measures by using correlation coefficient test.
There was no stetistically significant correlation
between maternal age and different measures by
using correlation coefficient test (Table 3).

There was a stetistically significant positive
correlation between birth weight versus different
3rd trimester measures by using correlation coef-
ficient test. There was a statistically significant
positive correlation between gestational age versus
different 3rd trimester measures by using correla-
tion coefficient test. There was no statistically
significant correlation between maternal age versus
different measures by using correlation coefficient
test (Table 4).

This study showed that liver volume measure-
ment in the 2nd trimester is superior to AC and FL
as a predictor for birth weight by stepwise linear
regression (Table 5).
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Table (1): Distribution of the studied cases as regard 2 nd and
3rd trimester measurements.
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Table (4): Correlation between 3 rd trimester measures versus
birth weight, gestational age and materna age.

Variables Mean+ SD Range
2nd trimester:
Gestational Age, GA (wks) 22.8+1.7 20-28
Liver Volume, LV (mL) 20.03t5.1  11.8-39.8
Head Circumference, HC (mm)  206.9+19 169-253
Abdominal Circumference, 176+£19.8 139-237
AC (mm)
Femur Length, FL (mm) 39.4+4.5 29.6-53.6
3rd trimester:
GA (wks) 36.04+1.5 34-40
LV (mL) 102+19.6  53.6-161
HC (mm) 316.6+16  275-368
AC (mm) 307+25 228-384
FL (mm) 68+3.2 56.7-78

Variables r p
Birth weight:
LV 0.57 0.000HS
HC 0.81 0.000H5
AC 0.75 0.000HS
FL 0.68 0.000HS
Gestational age:
LV 0.47 0.000HS
HC 0.70 0.000H5
AC 0.45 0.000HS
FL 0.55 0.000HS
Maternal age:
LV 0.05 0.76
HC 0.03 0.66
AC 0.11 0.40
FL 0.02 0.81

Table (2): Percentage of increase between the 2 nd and 3'd
trimester measurements.

Table (5): Correlation between birth weight versus al predictor
measures by linear regression.

2nd 3rd % of

Varighles trimester trimester  change

t p

LV 20.03+t5.1 102+19.6 435+145 42 0.000HS
HC 206.9+19 316.6£16 54.5+14.6 49 0.000HS
75.9+22 12 0.000HS
74.9+21 13 0.000HS

AC 176+19.8 307+25

FL 39.4+45 68+3.2

Table (3): Correlation between 2nd trimester measures versus
birth weight, gestational age and materna age.

Variables r p
Birth weight:
LV 0.21 0.02S
HC 0.009 0.93
AC 0.03 0.76
FL 0.008 0.94

Gestational age:

LV 0.69 0.000HS
HC 0.56 0.000HS
AC 0.66 0.000HS
FL 0.78 0.000HS
Maternal age:
LV 0.12 0.33
HC 0.06 0.55
AC 0.15 0.38
FL 0.08 0.60

Variables Beta error p 95% CI
LV 27 0.000HS 10-23
AC 3.6 0.000HS 18.7-29
FL 24 0.02S 7.4-105

Discussion

In this study, 100 pregnant women were recruit-
ed. Ninety-one out of them proved to have normal
for gestational -age fetuses, six small for gestational
age fetuses and three large for gestational age
fetuses. The results showed that fetal growth re-
striction was associated with reduced liver volume
in every instance. There was a statistically signif-
icant positive correlation between liver volume
and both gestational age and birth weight by using
correlation coefficient test.

The present study demonstrated a five-fold
increase in liver volumefrom 20.03+5.1mL in the
late 2nd trimester (20-28 weeks) to 102+19.6mL
in the late 3rd trimester (34-40 weeks). Whereas
theincreasewas 1.5, 1.7 and 1.7 for HC, AC and
FL respectively between the two scans. In other
terms, the percentage of change was 435% for LV,
54.5% for HC, 75.9% for AC and 74.9% for FL.

In astudy conducted on 135 pregnant women,
Suzui et al., [12] found that normal fetal hepatic
volume istenfold larger at the end of gestation, as
compared with that at the beginning of the second
half of pregnancy (i.e. at 20 weeks), afinding
which can be considered consistent with the results
of our study if we put into account that the mean
gestational age of our first scan was nearly 23
weeks and for the second one was 36 weeks.
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The higher percentage of change of liver volume
in the second half of pregnancy, compared with
the other parameters, is supposed to make it amore
sensitive tool in detecting growth-restricted fetuses.
However, the technical difficulty in measuring
liver volume, the unavailability of 3D ultrasound
in all maternity units and the lack of enough trained
sonographers prevent liver volume measurement
from taking its proposed position in this context.
Needless to say, that not all 3D ultrasound systems
are provided with the VOCAL software which
accurately measures volumes of bizarre-shaped
organs such asliver [13].

Our study also revealed a statistically significant
positive correlation between liver volume measured
in the late 2nd, as well asthe late 3rd trimester and
birth weight by using correlation coefficient test.
Moreover, in the 2nd trimester, liver volume was
the only parameter to show a significantpositive
correlation with birth weight. Whilein the 3 rd
trimester, all 4 parameters (LV, HC, AC and FL)
showed this significantly positive correlation.

By stepwise linear regression, the study showed
that liver volume measurement in the 2 nd trimester
is superior to AC and FL as a predictor for birth
weight. While HC in the 2 nd trimester proved not
to be significant.

Yamaleyevaet al., [14] have found similar re-
sults. Their study showed that, when expressed as
a percentage of the normal P50, the decreasein
hepatic volume is more pronounced than is the
reduction in head circumference or upper abdominal
circumference. When looking at the mean differ-
ence in hepatic volume between normal and reduced
fetal growth, as expressed with the z score, they
found a significant difference only when comparing
these values with head circumference, which con-
firms the brain-sparing effect during abnormal fetal
development. They concluded that acceptable re-
producibility exists for hepatic volume determina-
tions and that in fetal growth restriction, reduction
is more pronounced for hepatic volume than for
head or upper abdominal circumference. They also
added that hepatic volume is a better discriminator
than head circumference but not upper abdominal
circumference.

Acunaet al., [15] showed that 3D sonography
was superior to 2D sonography in areproducibility
test of fetal LV assessment. Moreover, the LV
assessed with the traditional 2D sonographic meth-
od was significantly less than that measured with
3D sonography. These authors recommended that
3D sonography instead of 2D sonography should

be used for reaching an accurate assessment of
fetal LV. Cooper et al., [16] reported that fetal
LV calculated with 3D sonography correlated line-
arly with menstrual age.

There are afew reports on the growth of liver
length (LL) in SGA fetuses measured by 2D sonog-
raphy, and the results were conflicting. Teo et d.,
[17] concluded that the LL in SGA fetuses was
smaller than in AGA fetuses and that LL measure-
ment may be useful in the detection of SGA. In
their study, however, SGA was defined as an infant
with abirth weight at or below the 25 th percentile,
and descriptive statistics were not obtained.

Despite the ease of measurement, it may be
apparent that the LL is a rathercrude measure for
characterizing the growth of an object with acom-
plex shape such asthefetal liver. Therefore, the
LL may not be the most appropriate parameter for
evaluation of liver growth [1g].

Two-dimensional sonography (for estimated
fetal weight) was used to identify all 10 SGA
infants in the study of Mazurek et a., [19]. There-
fore, 2D and 3D sonography were probably similar
intheir ability to correctly classify SGA infants,
as opposed to LL, a sonographic parameter that
appearsto be arelatively insensitive marker.

Gaccioli, et a., [20] undertook a prospective
and cross-sectional study using quantitative 3D
ultrasound to assess the efficacy of fetal liver
volume in predicting FGR. During the study period,
42 fetuses with FGR and 375 fetuses without FGR
were included for the LV assessment in utero by
3D ultrasound. All the fetuses were singletons and
had follow-up to delivery to ensure whether they
were complicated with FGR or not. Their results
revealed that fetal LV assessed by 3D ultrasound
can differentiate well fetuses with FGR from those
without FGR. The sensitivity of fetal LV inpredict-
ing FGR was 97.6%, with specificity 93.6%, pre-
dictive value ofpositive test 63%, predictive value
of negative test 99.7% and accuracy 94%. They
concluded that fetal LV assessed by quantitative
3D ultrasound can be used to predict fetuses with
FGR antenatally. Their data support that fetal LV
assessment by 3D ultrasound would be a useful
test in detecting fetuses with FGR.

Fetal growth restriction (FGR) remains aleading
contributor to perinatal mortality and morbidity
and metabolic syndromein later life. Fetal growth
restriction (FGR) is not synonymous with SGA.
Some, but not al, growth restricted fetuses/infants
are SGA while 50-70% of SGA fetuses are consti-
tutionally small, with fetal growth appropriate for
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maternal size and ethnicity. The likelihood of FGR
ishigher in severe SGA infants [21].

A prerequisite for ajudicious diagnosis of FGR
is accurate dating of the pregnancy. The last men-
strual period, when certain, reliably dates the
pregnancy. Alternatively, dating is performed with
sonography. Abnormal fetal growth is detected
with the clinical suspicion of a subnormal uterine
size, followed by abdominal palpation and direct
measurement of the symphyseal-fundal distance.
Abdominal palpation has a sensitivity of 30% for
detecting SGA fetuses. The symphysis-fundal dis-
tance has a sensitivity of 27-86% and specificity
of 80-93% for detecting SGA. The use of custom-
ized symphysial-fundal distance charts which con-
sider anthropometric characteristics and ethnicity
reportedly improve detection [22].

Ultrasound is the benchmark for accurate preg-
nancy dating and diagnosis of FGR. However,
thereisroom for error and FGR is undetected in
about 30% of routinely scanned cases and incor-
rectly detected in 50% of cases. Estimated fetal
weight is calculated using polynomial equations
combing BPD, femur length, and the abdominal
circumference. The mostcommon formulas are
those reported by Gaccioli et al., [20] and Lai, et
al., [22]. Using these formulas, FGR istypically
defined as estimated fetal weight less than the 10 th,
5th, or 3rd percentile for the gestational age or
below 2 standard deviations of the mean for the
gestational age.

The results of this study showed that fetal
growth restriction was associated with reduced
liver volumein every instance. There was a statis-
tically significant positive correlation between
liver volume and both gestational age and birth
weight by using correlation coefficient test.

The study also demonstrated afive-fold increase
in liver volume compared to a 1.5, 1.7 and 1.7 for
HC, AC and FL respectively between the late 2 nd
and late 3rd trimesters and that the percentage of
change was 435% for LV, 54.5% for HC, 75.9%
for AC and 74.9% for FL.

Moreover, in the 2nd trimester, liver volume
was the only parameter to show a significant pos-
itive correlation with birth weight. Whilein the
3rd trimester, all 4 parameters (LV, HC, AC and
FL) showed this significantly positive correlation.
By stepwise linear regression, the study showed
that liver volume measurement in the 2 nd trimester
issuperior to AC and FL as a predictor for birth
weight. While HC in the 2nd trimester proved not
to be significant.
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Conclusion:

Measurement of fetal liver volume may con-
tribute to the early detection of fetal growth restric-
tion. The liver occupies most of the upper abdom-
inal cavity, and it isthe first organ to be affected
by fetal growth restriction, since it is associated
with severely depleted hepatic glycogen stores.

The results of this study demonstrated that fetal
growth restriction was associated with reduced
liver volumein every instance. There was a stéatis-
tically significant positive correlation between
liver volume and both gestational age and birth
weight. Moreover, liver volume measurement in
the late 2nd trimester was found to be superior to
HC, AC and FL as apredictor for birth weight.
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