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Abstract

Aim: The aim of this study was to determine the role of venous Doppler Ultrasonography for
the prediction of adverse perinatal outcome in “intrauterine growth restricted fetus”, providing
the obstetrician with additional information about the time frame and significance of the [UGR
to help determine the optimal time of delivery.

Patients and Methods: Ninty females with I[UGR affected pregnancies, gestational age
between 28 and 38 weeks of gestation were enrolled in the study. All patients in the study were
subjected to Doppler examination of the umbilical vein (UV), Ductus venosus (DV) and
umbilical artery (UA).

Results: Abnormal UA Doppler was found in 60 patients. Abnormal DV Doppler was found
in 27 patients. Abnormal UV Doppler was found in 20 patients. All parameters studied were
strongly related to perinatal mortality, however, none had 100% sensitivity, the pulsatility
index in DV and UV pulsations were the best single indices to use in the prediction of perinatal
mortality.

Conclusion: Venous Doppler is superior to arterial Doppler in predicting poor perinatal

outcome.

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided
original work is properly credited.

Introduction

diagnose this condition at the correct
gestational age, to optimise timing of

normal, in respect of the growth potential of d§11V§ry and perinatal outcome associated
a specific fetus as per the age, race of the withit. [3]

specific fetus. [1,2] Placenta based IUGR is basically a vascular
disorder. Doppler velocimetry allows
measurement of hemodynamic flow of
major fetal vessels, comparing the flow
indices and pattern of normal and IUGR
cases. [4]

Intrauterine growth restriction is defined as
the rate of fetal growth that is below the

After prematurity, IUGR is second
commonest cause of perinatal morbidity
and mortality. As there is no treatment of
this condition, So it becomes crucial to
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Among all the factors, [IUGR that results
from placental pathologies has worse
prognosis and associated with significant
perinatal morbidity and mortality. So by
doing doppler USG in pregnancies
complicated by IUGR, we can see the
severity of fetal blood redistribution that
shows the degree of fetal adaptation and
gives an idea about how long we can
continue the pregnancy safely. As IUGR
complicates, there is sequential pattern of
doppler changes that suggest the sequential
pattern of disease progression. The
deterioration in venous doppler occurs after
the arterial doppler  deterioration.
Deteriorating venous doppler suggest major
changes in fetal circulation as a result of
hypoxia and acidemia in fetus. These
venous doppler changes reflects the
preferential blood flow to the brain and
myocardium. [5]

Examination of venous doppler waveform
was first reported in early 1980. Clinical
utilization of this technique began in 1990
and has since emerged as a primary means
of assessing fetal condition with cardiac
manifestations caused by placental
disorders. [6]

Doppler examination of fetal venous
system allows functional assessment of
cardiovascular system, which is beyond the
capability of arterial doppler alone.
Worsening arterial doppler correlates with
worsening fetal status but only addition of
venous doppler velocimetry allows
comprehensive understanding of
cardiovascular adaptation by fetus due to
progression of disease and defines a
subgroup of fetus at high risk of still birth,
neonatal and perinatal mortility and
morbidity. Thereafter, addition of venous
doppler sharpens the detection of acidemia
and contributes to prevent permanent
compromise in severe [UGR fetuses. [7]

Patients and methods:

After approval of our ethics committee, this
prospective study was conducted in the
Obstetrics and gynecology department of
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SMS Medical College and attached
hospitals, Jaipur from January 2020 to
December 2020 among ninty pregnant
women 20-35 years of age who have
singleton pregnancies affected with [UGR
at third trimester of their pregnancies
between 28 and 38 weeks of gestation. A
sample size was calculated based on the
sensitivity of umbilical artery and vein
Doppler in prediction of perinatal outcome
in IUGR. Assuming a =0.05 and
power=0.80, the total sample size was 90
pregnant women. Patients with [UGR due
to fetal anomalies diagnosed by ultrasound
were excluded from the study. After
obtaining an informed written consent from
all participants they were subjected to full
assessment via full history taking including
personal, medical, family, menstrual and
obstetric history, general and obstetric
examination, routine laboratory
investigations including CBC, blood
grouping, kidney and liver function tests
and fasting and 2 h postprandial blood
sugar. Ultrasonography examination was
done for assessment of fetal position,
presentation and  biometric  indices
including biparietal diameter (BPD), head
circumference (HC), abdominal
circumference (AC), and femur length
(FL), expected fetal weight (EFW), amount
of liquor and site and grade of placenta.
Intrauterine growth restriction defined as
fetal weight <10th centile for the gestation.
Doppler examination of umbilical artery,
ductus venosus and umbilical vein was
done. Absent or reversed UA end diastolic
flow and pulsatile flow in the umbilical
vein were examined for their efficacy to
predict critical outcomes  (stillbirth,
neonatal death, APGAR score <5). All
patients were followed till their delivery
and neonatal assessment was carried out (1
min Apgar score, birth weight). The
number of death cases (neonatal death and
stillbirths) was recorded. All patients were
managed according to local protocol and
guidelines.

Statistical Analysis
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Continuous variables was summarized as
mean and standard deviation while
nominal/  categorical  variables  as
proportion. Parametric tests like unpaired
T-test and one-way ANOVA was used for
continuous variable whereas y2 test and
fisher-exact  test ~was used  for
nominal/categorical variables. P-value <
0.05 was taken as significant.

Results:

Mean age of the studied patients was
25.82+ 3.32 years.56.7% women were
nulliparous. The mean Gestational age at
presentation was 35.6+2.3 week. 53.3%
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women had hypertensive disease of
pregnancy, 2.2% had GDM, 4.4% had
hypothyroidism, Anemia was found in
6.7% patients, heart disease in 2.2% and in
the remaining 31% patients no underlying
risk factor found. Majority of cases in this
study, presented after 32 weeks of period of
gestation as late onset [UGR and only 5.6%
patients presented before 32 weeks of
period of gestation as early onset [UGR
incidence of IUGR is slightly higher in
male fetus (57%). Among 90 IUGR
fetuses,70 survived, 8 were still born and 12
died in postnatal period. 54.4% patients
delivered by cesarean section.

Table 1: Distribution of subjects according to umbilical artery Doppler

Umbilical Artery | Number (n) Percentage (%)
Normal 30 33.34

High PI 27 30.0

Absence EDF 16 17.77

Reversal EDF 17 18.89

Total 90 100.0

The above table shows distribution of subjects according to umbilical artery Doppler findings.
30 (33.34%) out of 90 cases had normal flow in umbilical artery. While the rest of them had
had increased PI value.16 cases(17.77%) had absent end diastolic flow in umbilical artery and
17 cases (18.89%) had reversed end diatolic flow in umbilical artery.

Table 2: Distribution of subjects according to Ductus Venosus Doppler

Ductus venosus Number (n) | Percentage (%)
Normal Pulsatility index | 63 70

High Pulsatility index 8 8.88

Absent a wave 09 10

Reversed a wave 10 11.12

Total 90 100.0

Majority of cases in our study had normal DV Doppler (70%). Among abnormal Doppler 8
(8.88%) patients had increased Pulsatility index in Ductus venosus, 9 (10%)had absent a wave
and 10(11.12%) had reversed a wave in Ductus Venosus.

Table 3: Distribution of subjects according to umbilical vein Doppler

Umbilical Vein | Number (n) | Percentage (%)
Normal 70 77.78
Monophasic 02 2.22

Biphasic 02 2.22

Triphasic 16 17.78

Total 90 100.0

The above table show distribution of study
subjects according to umbilical vein
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Doppler findings. UV continous pulsation
(which was considered as normal) was
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present in 70 cases, monophasic pulsation
was found in 2 cases (2.22%) and biphasic
pulsation was also found in 2 cases (2.22%)
and remaining 16 case (17.78%) had
triphasic pulsation in UV. Monophasic,
biphasic and triphasic pulsations was
considered abnormal and associated with
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adverse perinatal outcome. All cases with
reversed EDF in UA were found to had
abnormal UV Doppler while in majority of
patients with absent EDF and all patients
with only increased Pulsatility index in
umbilical artery, UV Doppler were normal.

Table 4: Comparison of perinatal outcome in between abnormal arterial and venous

Doppler group

£ 3 =85E | % 52 5E 8§ =35 2E| §
53 EZR¢2 | % EEEIR- E”2 gl &
~ e = S| & S| & = S| &
No adverse effect 04 12% 0 0% 0 0%
Still born 00 0% 08 29.6% | 08 40%
Neonatal death 02 2% 08 29.6% | 08 40%
NICU admission 11 33.33% | 19 70.3% | 12 60%
APGAR score <5 at 1|02 6% 17 62.96% | 16 80%
min after birth

P value: <0.05 (significant) chi-square value-12.09. df-4

The above table shows that out of 90
patients,60  patients had  Doppler
abnormality among them 33 patients had
only arterial Doppler abnormality and 27
cases had additional DV  Doppler
abnormality and 20 cases had abnormal UV
Doppler. In abnormal arterial Doppler
group only 4 patients had no adverse
perinatal outcome, 2 case had neonatal

death and no still birth was noted in isolated
arterial Doppler abnormality. whereas in
abnormal ductus venous Doppler group
100% patients had adverse perinatal
outcome, 8 were still birth (29.6%) and 8
(29.6%) were postnatal deaths. The rate of
NICU admission and APGAR score <5 at 1
minute after birth was significantly higher
in abnormal venous Doppler group.

Table S: Sensitivity, specificity, positive predictive value and negative predictive value
of Doppler in relation to perinatal mortality in fetus with growth restriction.

Doppler findings | Sensitivity Specificity PPV NPV

Umbilical artery 50% 49% 12% 93%

Ductus venosus 80% 84% 59.25% 93.65%

Umbilical vein 80% 94% 80% 94%
The above table shows that pulsations in Discussion

UV followed by waveform abnormalities in
Ductus Venousus was the most sensitive
Doppler parameter for identifying fetuses at
risk of Perinatal mortality and that the most
specific parameter with highest positive
predictive  values regarding adverse
perinatal outcome were abnormal venous
Doppler values.
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Intrauterine growth restriction is a major
obstetric problem and is associated with
high perinatal Morbidity and mortality.
Fetal growth restriction is most commonly
due to abnormal vascular development of
the placenta. Defective trophoblastic
invasion and failure of physiological
transformation of uterine vessels results in
progressive occlusive vasculopathy in the
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maternal and fetal vascular compartment of
placenta. Abnormal vascular tone, as well
as obliterative loss of fetal vellous vessel,
raises UA Doppler resistance. Fetal
cardiovascular compromise progresses
from arterial to venous flow.

Fetal venous Doppler studies represent
valuable diagnostic test that can influence
the management of [UGR fetuses as it helps
in identification of the fetuses at risk for
perinatal complications and helps in
prediction of neonatal complications.
Kaponis et al (2011) [6] reported that
alterations of venous flow volume
waveforms precede fetal heart rate
decelerations and therefore offer warning
signs to act before a fetal life threatening
situation occur.

In the present study the ductus venousus
and umbilical vein Doppler abnormalities
were significantly related to poor perinatal
outcome when compared with abnormal
umbilical artery Doppler. On statistical
analysis, significant association was found
between perinatal outcome and doppler
finding ( p value < 0.05) [8]

Dr. Sandhya Rai et al (2018)1conduct a
study of comparative evaluation of arterial
and venous Doppler in predicting perinatal
outcome in fetuses with [IUGR. They found
that out of 50 cases, 28 cases had Doppler
abnormality among which 23 arterial
abnormality and five had additional venous
abnormality. In abnormal arterial Doppler
group only 4 had no adverse outcome,
4(17%) cases had neonatal deaths, 9(39%)
had intrauterine deaths In abnormal Venous
Doppler group all (100%) had adverse
effects. 3(60%) had neonatal deaths,]1 was
stillborn,1 was intrauterine death The only
statistically significant relation between
Doppler indices and outcome was the
association between abnormal DV Doppler
and fetal death (p <0.05).

Among all the studied Doppler, DV and UV
were strongly related to perinatal mortality,
however none had 100% sensitivity. Ductus
Venosus and umbilical vein were most
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sensitive parameter for detection of
perinatal mortality with higher positive
predictive value than umbilical artery
Doppler. (p value <0.05)

N. Giuliano et al (2014) 3 observed that
MCA was found to be a better predictor for
fetal outcome in [TUGR when compared
with Umbilical artery in terms of sensitivity
and predictive value. Instead ductus
Venosus was considered as the strongest
Doppler predictor of perinatal mortality.

Our data were also comparable with study
done by N.M. Abdel Maboud et al (2014) 8
and O.M. Turan et al(2011) [9]. They found
DV and UV Doppler was most sensitive
and specific with highest PPV to predict
perinatal mortality as compared to
umbilical artery Doppler.

Morris et al (2011) [10] investigated the
accuracy of fetal UA Doppler to predict the
risk of compromise of fetal/neonatalwell
being in a high-risk population by a
systematic review, con-cluding that in a
high risk population, fetal UA Doppler is a
moderately useful test with which to predict
mortality and riskof compromise. In the
present study, raised UA-PI constituted
66% of the UA abnormality while the
extreme end of the spectrum represented by
AEDF and REDF constituted 35.5% this
stratification of abnormalities leads to the
UA being reported as insignificantly related
to poor perinatal outcome.

Similar results were also obtained by
Nicola Fratelli et al, (2020) [11] They did a
retrospective cohort study including 132
early onset fetal growth restricted
pregnancies to assess the association
between ductus venosus Doppler and
adverse outcome in early onset growth
restriction. They observed that newborn
with neonatal morbidity or death had
abnormal DV Doppler.

Ana Elisa Rodrigues Baiao et al (2020) [12]
studied antenatal predictors of adverse
perinatal outcomes in a population of
preterm fetuses with early placental
insufficiency diagnosed by doppler
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abnormalities. fetal weight and absent
/reversed ductus venosus a wave were the
main predictors of survival in the regression
model.

As stated by Andrea Dall Asta (2021) [13]
and Tomoki Suekane (2021) [14], DV was
found to be the most valuable Parameter,
for the antenatal prediction of fetal
acidemia in the management of IUGR
fetuses which was in accordance with the
present study. [15]

Conclusion:

Doppler examination of fetal venous
system allows functional assessment of
cardiovascular system, which is beyond the
capability of arterial doppler alone.
Worsening arterial doppler correlates with
worsening fetal status but only addition of
venous doppler velocimetry allows
comprehensive understanding of
cardiovascular adaptation by fetus due to
progression of disease and defines a
subgroup of fetus at high risk of still birth,
neonatal and perinatal mortility and
morbidity. Thereafter, addition of venous
doppler sharpens the detection of acidemia
and contributes to prevent permanent
compromise in severe IUGR fetuses.
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