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ABSTRACT

Objectives: The aim of this study was to study renal volumetric alterations and renal artery doppler changes in late-onset
fetal growth restricted (FGR) fetuses with normal amniotic fluid compared to healthy pregnancies.

Material and methods: This prospective study was composed of pregnant women with late-onset FGR and a control group
of uncomplicated pregnancies within 32-37 weeks of gestation. Following the assessment of umbilical, bilateral uterine,
middle cerebral using Doppler Ultrasonography (US), three dimensional (3D) US Virtual Organ Computer-aided Analysis
(VOCAL) was executed to calculate bilateral renal volumes.

Results: A total of 76 fetuses with FGR and 51 healthy fetuses (control group) were evaluated. Umbilical artery Doppler
systole/diastole and Pulsatility index values were found to be significantly different between the two groups (p =0.001 and
p = 0.001, respectively). Middle cerebral, bilateral uterine, and bilateral renal arteries’ Doppler indices revealed no differ-
ence between the two groups. Right, left, and mean renal volume of the fetuses with FGR were smaller than the control
group, and the differences were statistically significant (p = 0.025, p = 0.004, p = 0.004, respectively). Left renal volume was
significantly greater than the right renal volume in the control group (p = 0.009).

Conclusion: Although not accompanied by oligohydramnios, and having similar renal vascular resistance as the control
group, renal volumes of fetuses with late-onset FGR were still observed lower than the control group. This difference was
explained by not decreased blood flow via redistribution but other mechanisms like glomeruli reduction and glomerular

apoptosis.
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INTRODUCTION

Fetal growth restriction (FGR) affects approximately
10 percent of all pregnancies. Compared to healthy pregnan-
cies, FGR has been associated with higher perinatal mortality
and morbidity and may require more prenatal care [1].

Intrauterine hypoxemia, mostly due to placental insuf-
ficiency, causes remodeling of the fetal circulation. Because
of this remodeling event, the fetal hemodynamic profile
tends to distribute low oxygenated fetal blood towards
to the vital organs, including the brain, myocardium, and
adrenals, and a reduction in blood supplied to kidneys, fetal
intestines, and lungs [2].

Interestingly, kidneys are not considered as vital organs
in the intrauterine period. Contrarily, lower renal perfusion
due to FGR has been related to life-time complications in
adulthood, including coronary heart disease, stroke, hyper-
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tension, type 2 diabetes, and chronic kidney disease that
can manifest later in adulthood [2-4].

Nephrogenesis is thought to be continued even after
birth, although most of the nephrons are resolved within the
intrauterine period. An adverse intrauterine environment,
such as intrauterine growth restriction, causes sclerosis in
multiple organ systems, including fetal kidneys [5]. Because
of this sclerosis, oligonephropathy has been associated with
future renal hypertension and proteinuria [2, 6, 7]. In previ-
ous studies, a decreased number of glomeruli and lower
renal volume in pregnancies with FGR have been widely
discussed in all aspects. However, prenatal renal changes
have not thoroughly researched [2, 3, 5].

According to several doppler studies, renal arteries have
been shown to have higher resistance and pulsatility indexes
(P1) in fetuses with FGR. On the other hand, this difference
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can be more noticeable when FGR is accompanied by oli-
gohydramnios [8, 9]. According to literature, hypoperfusion
due to FGR tends to not affect renal artery Doppler Pl values
unless oligohydramnios has been detected, which can be
explained by the redistribution process [9].

Late-onset FGR is defined as growth restriction that is
diagnosed following 32 weeks of pregnancy. It is not as-
sociated with the reduced villous vascular area of the pla-
centa like early-onset FGR and is not always associated with
abnormal Doppler parameters and cardiovascular adapta-
tions. Although cardiovascular changes are not always ac-
companying, oligohydramnios due to hypoperfusion of fetal
kidney is believed to be a complication of late-onset FGR [10].

Fetal kidney volumes are expected to be smaller in fe-
tuses with FGR, and this difference is usually explained by
the lack of renal artery blood flow [6]. Oligohydramnios due
to decreased renal arterial flow is the major complication
of fetuses with FGR. However, we hypothesize that when
oligohydramnios is not accompanying late-onset FGR, renal
volumes of fetuses with FGR may not differ from healthy
pregnancies.

Objectives

The aim of this study was to present the renal volumetric
alterations, and renal artery Doppler changes in intrauter-
ine growth-restricted fetuses with normal amniotic fluid
indexes compared to healthy pregnancies. We hypothesize
that, compared to healthy pregnancies, pregnancies with
late-onset FGR have similar renal volumes and renal Doppler
indexes when oligohydramnios is not present.

MATERIAL AND METHODS
Patients and data collection

This prospective study was conducted between March
2019 to December 2019 at Tepecik Training and Research
Hospital, Department of Obstetrics and Gynecology, Divi-
sion of Perinatology. The same institution’s ethics committee
approved the study. One hundred twenty-seven pregnant
women between 32-37 weeks of gestation were enrolled
in this study following provided written informed consent.
The data on age, parity, body mass index (BMI), and smoking
preference were collected, along with a detailed ultrasound
scan.Women with singleton pregnancies were included, and
the gestational age was calculated after confirming with
the first trimester crown-rump length. All of the enrolled
pregnancies were previously scanned in their second tri-
mester and had no significant structural or chromosomal
abnormalities. None of the pregnant women had a history
of chronic diseases such as diabetes, hypertension, systemic
lupus erythematosus, and antiphospholipid syndrome that
could have led to placental vascular damage. Cases with
proven FGR causes, such as preeclampsia and gestational

hypertension, and pregnancies complicated by polyhydram-
nios were also excluded. Finally, the birth week, weight,
mode of delivery, and Apgar scores were collected.

Pregnants assessed as FGR with normal amniotic fluid
index after 32 weeks of gestation (late-onset FGR) were
enrolled in this study. Oligohydramnios due to hypoperfu-
sion of fetal kidney is believed to be a complication of FGR.
However, FGR with oligohydramnios was not the interest
of this study.

MATERIAL AND METHODS
Scanning

One sonographer with minimum of 6 years of expe-
rience made all examinations (HGP). The ultrasound ma-
chine was a Samsung Ultrasound System HS70A (Samsung
Medison Company, Republic of Korea). Measurements were
performed during limited fetal movement or respiration.
No pressure with the ultrasound probe was applied to the
fetus. All biometric measurements and amniotic fluid index
calculations were performed using the 2D probe. Estimated
fetal weight (EFW) was calculated by four-way biometric
measurements (biparietal diameter, head circumference, ab-
dominal circumference, and femur length) using Hadlock’s
formula [11]. Umbilical artery (UA), middle cerebral artery
(MCA), and uterine artery Doppler assessments were made
by techniques defined by the ISUOG Practice Guideline [12].
Pregnancies assessed FGR who have EFW of less than the
3 percentile or EFW of less than the 10t percentile with
an abnormal UA Doppler or an abnormal cerebroplacental
ratio (CPR) according to Delphi criteria [13]. Abnormal UA
is accepted as UA pulsatility index (PI) of greater than the
95t percentile or with absent or reversed UA diastolic flow.
Abnormal CPR was accepted as the CPR of less than the 5t
percentile Pregnancies complicated with FGR after 32 weeks
of gestation was defined as late-onset FGR. Amniotic fluid in-
dex (AFI) was computed by measuring amniotic fluid in four
quadrants. Amniotic pockets without cord and extremities
were measured, and AFl less than 50 mm were interpreted as
oligohydramnios [14]. Renal abnormalities and renal pelvis
diameters more than 10 mm were excluded [15].

After presenting kidneys properly in the coronal axis,
we performed 3D scanning with a 3D/4D curved array
abdominal probe. The image was magnified, and kidneys
were placed into the 3D volume box. In the coronal view,
six consecutive images with a rotation angle of 30° were
captured, two demarking arrows placed, and manual tracing
was applied to all of the images. The volumetric calculation
was conducted automatically by VOCAL software (Fig. 1).

Statistics
Statistical analysis was performed with IBM SPSS Statis-
tics 25.0 package program (IBM Corp., Armonk, New York,
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M 12 09.082019
e TIH02 1244:06

Characteristics (C::i::;
Maternal age 26 (10)
Gravida 2(2)
Parity 1(2)
BMI [kg/m?] 28 (8.4)
ot exam e “0
Smoking 5(9.8%)

M 13 09.08:2018
Tbo2 12:47:47

Al value
(n=76) P
27.5(11) p > 0.05*
2(1) p > 0.05*
1(1) p > 0.05*
27.3(6.5) p > 0.05*
35(2) p > 0.05%
10 (13.2%) p >0.05

FGR — Fetal growth restriction; BMI — Body mass index; Data are presented as Median and interquartile range or n (%); ¥Mann-Whitney test; t Chi-square Test

USA). Shapiro-Wilk’s test, a histogram, and Q-Q plot was
used to assess the normality of data of this study. After
defining the normality, means and standard deviations or
medians and interquartile range (IQR) were provided for
continuous variables, whereas frequencies and percentages
were provided for categorical variables. The Chi-Square sta-
tistic was performed for testing categorical variables. Inde-
pendent sample t-test for parametric and Mann-Whitney
U test for non-parametric variables was used to distinguish
the differences between FGR and the control groups. The
volume difference between the left and right kidney were
tested by paired sample t-test. A p-value of less than 0.05 was
regarded as statistically significant.

RESULTS
One hundred forty-three singleton pregnancy were
enrolled in this study. Unfortunately, we could not man-
age to assess fetal renal volume (right, left, or both) due to
inappropriate fetal position and/or movement in 16 preg-
nancies. A total of 76 fetuses with FGR and 51 fetuses with

normal estimated fetal weight were studied. The mean ges-
tational age was 34 weeks in the control group and 35 weeks
in the FGR group. There was no statistically significant dif-
ference between groups in terms of maternal and perinatal
characteristics (p > 0.05). The characteristics of the subjects
are given in Table 1. There was a statistically significant dif-
ference between the right and left renal volume. The left
renal volume was greater than the right one when both
FGR and control groups were included. (p = 0.009). However,
this difference was not prominent in the FGR group, and
no statistical significance was observed within this group
(p = 0.15). However, in controls, the left renal kidney was
larger than the right kidney (p = 0.02) (Tab. 2).

UA Doppler studies revealed that there was a statisti-
cally significant difference between the two groups. As
expected, FGR had higher S/D (S/D (Systole/Diastole) and
Plvalues p=0.00and p=0.001, respectively. MCA Doppler
studies were not different between groups. Likewise, there
was no significant difference between groups in uterine
artery S/D and PI. Right and left renal arteries S/D values
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Table 2. Difference between right and left renal volume in all pregnancies

Measurement Mean £ SD SEM Mean Difference  SE Difference t df p value
Control

right renal volume 1041 £2.56 0.21

Control 0.78 0.32 237 50 0.021
left renal volume 11.19 £ 2.68 0.24

FGR

Right renal volume 9.43+2.26 0.21

FGR 035 024 143 75 0.15
Left renal volume 9.78 +2.61 0.24

FGR — Fetal growth restriction; Data are presented as mean and standard deviation. Paired sample t-test was used

Table 3. Doppler assessment, volume, EFW and perinatal outcome differences between the two groups

Control (n=51)

UAS/D 2.39(0.65)
UAPI 0.87(0.3)
MCA S/D 4.39(1.75)
MCAPI 1.56 (0.49)
Right uterine artery Pl 2.07(0.53)
Left uterine artery Pl 0.84(0.33)
Right renal artery S/D 5.60 (256)
Left renal artery S/D 5.43 (1.86)
Right renal artery PI 1.99 +£0.39
Left renal artery PI 2.04(0.64)
Right renal volume cm? 10.41 £2.56
Left renal volume cm? 1119+ 2.68
Mean renal volume cm? 10.80+2.34
EFW [gr] 2611 (572)
EFW percentile 47 (38)

Birth week 38+1.80
Birth weight [gr] 3100 (730)
Apgar score 0t minute 7.35+0.87
Apgar score 5 minute 8.32+0.90
Patients delivered in our center 31 (60.8%)
Patients delivered in another center 20 (39.2%)
Vaginal delivery 10 (32.3%)

C-section 21 (67.7%)

FGR (n=76) p value
263 (0.96) 0.000*
0.98(0.32) 0.001*
473 (1.94) 0.46*
1.7 (0.59) 0.64*
2.14(0.78) 0.81*
0.85 (0.45) 0.72¢
5.53(1.91) 0.67*
5.46 (2.47) 0.25
2.08+0.58 0.285
2.01(0.56) 0.76*
9.43+2.26 0.025¢
9.78 4261 0.0045
9.60+2.20 0.004%
2029 (38) 0.000*
343 (4.47) 0.000*
3691+ 1.4 0.002°
2282 (580) 0.000*
7.26+1.06 0.66°
831+ 1.12 0.95
58 (76.3%)

18 (23.7%) 0004!
20 (34.5%)

38 (65.5%) 1001

UA — umbilical artery; MCA — middle cerebral artery; S/D — Systole/Diastole; Pl — pulsatility index; EFW — estimated fetal weight; Data are presented as median and
interquartile range or mean and standard deviation or n (%); *Mann-Whitney test; ¢ Independent sample test; * Chi-square Test

were not different statistically significant (p = 0.67 and
p = 0.25, respectively). Pl values of right and left renal
arteries were also indifferent (p = 0.28 and p = 0.76, re-
spectively)

Right, left, and mean renal volume of fetuses with FGR
was less than the control group, and this difference was
statistically significant (p = 0.025, p = 0.004, p = 0.004, re-
spectively) (Tab. 3). EFW, delivery methods, Apgar scores,
and perinatal outcomes were listed in Table 3.

DISCUSSION

FGR is thought to be one of the most complicated is-
sues of perinatal medicine, and it is also considered to have
effects that may manifest later in adulthood. Barker [16]
hypothesized that FGR could be related to future coronary
heart disease, stroke, hypertension, and diabetes. It stated
that intrauterine environmental conditions could be related
to altered developmental mechanisms that have long term
consequences.
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FGRis mostly caused by placental villous vascular dam-
age and results in the activation of several compensatory
mechanisms, including redistribution of fetal blood circula-
tion towards the vital organs such as the fetal brain, adrenals,
coronaries. In the fetal brain, middle cerebral arteries tend to
have lower circulatory resistance when blood flow alteration
mechanisms are active. In our study, no statistically signifi-
cant difference between the two groups was observed for
fetal MCA S/D or Pl values. This result can be interpreted as
our FGR group was not exposed to the brain sparing effect
or redistribution due to FGR, and it is known that late-onset
FGR does not always associate with the deprived blood
supply of fetal organs [17, 18].

As compared to the brain, fetal renal arteries tend to
have higher circulatory resistance to maintain the hemody-
namic well-being of the fetus [19]. Vyas S et al. [19] stated
that the renal artery Pl is expected to be higher in fetuses
with FGR; however, our data indicated otherwise. We did not
find a significant difference between the FGR and uncom-
plicated pregnancies right and left renal arteries S/D and
Pl values, which is consistent with previous studies about
late-onset FGR [6]. This difference might be explained by the
fact that we have excluded fetuses with FGR accompanied
by oligohydramnios. Oligohydramnios is proven to be sec-
ondary to decreased renal blood flow [20]. With the findings
of our study, it can be commented that late-onset FGR with-
out decreased renal flow, redistribution of the circulation
is not the only mechanism in determining the fetal kidney
volumes. Other mechanisms like glomeruli reduction and
apoptosis may also be responsible for the decreased renal
volume [7, 21, 22]. Low nephron number and small filtration
area may be the leading cause of decreased renal volume
than decreased renal vascular flow [23]. It is expected that
MCA Plvalues tend to be different between the two groups,
but there was no statistical difference [22].

No difference was observed between the uterine arter-
ies of the FGR and control group on both the right and left
sides. Early-onset FGR is considered to be related to higher
uterine artery S/D and PI values [10, 24]. As mentioned
before, our study group consisted of late-onset FGR, which
uterine artery Doppler assessment typically remains normal.
Therefore, a lack of a significant difference between the two
groups was not suprising [25].

While most researchers in literature used 2D US in or-
der to calculate the renal volumes of the FGR or normal
pregnancies, to the best of our knowledge, this is the first
study that concentrated on volume computing with the
3D VOCAL method [6]. Although there are controversial
data about the volumetric organ calculations with the 2D
US compared to the 3D VOCAL technique [4, 20, 26], 2D
US has more commonly been used in organ volume cal-
culations. However, the 3D VOCAL method is thought to

be more accurate in organs with non-geometric shapes
such as kidneys. Additionally, calculations can be done
simultaneously in about three minutes with the VOCAL
method, while the 2D US calculations should be made
using a formula for ellipsoid shapes, even though kidneys
are not ellipsoid [27]. Our control group renal volumes
were consistent with calculations of 2D US; nonetheless,
the data were limited [28]. Further studies are needed on
the compatibility of two methods. We have conducted
research with healthy pregnancies because of insufficient
data with 3D VOCAL method.

In literature, some studies suggest that there was no
significant difference between the right and left renal vol-
ume [26, 28, 29]. However, according to our data, left renal
volume was significantly greater than the right renal volume
in the control group), but there were no differences between
the two sides of renal volumes in fetuses with FGR. The
number of our control group was 51, and this difference
can be explained by a lack of subjects. Only, Shi et al. [30]
mentioned to have found the left renal volume greater
than the right one but in pediatric patients.

We should mention the limitations of this study. We
conducted the study with a single operator, ignoring the
interobserver reliability. Authors are now carrying out
another study about the interobserver variability of or-
gan volumes in the 3D US VOCAL method. Secondly, we
have only concentrated on fetuses between 32-37 weeks
and predominantly late-onset FGR. Fetuses with early-on-
set FGRis known to be generally exposed to intrauterine
hypoxia longer; therefore, struggling more for supplying
organ systems [31]. Lastly, our mean EFW percentile was
3.43 (IQR 4.47), and we accepted fetuses with FGR when
EFW was less than ten percentile. Although it is obvious
that our FGR group seemed to be formed by growth-re-
stricted fetuses, they can be small for gestational age
fetuses inside the FGR group. However, all of them had
an abnormal UA Doppler.

CONCLUSIONS
Our findings suggest that not only renal vascular ad-
aptations, as well as glomerulosclerosis or apoptosis, may
be responsible for the decreased renal volume in fetuses
with FGR.
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