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ABSTRACT

BACKGROUND:Intrauterine growth retardation (IUGR) is conveniently defined as fetal weight less than 10th percentile for gestational age.
TUGR fetuses are at increased risk of hypoxemia, acidemia and intrauterine fetal demise [3]. The correct detection of compromised IUGR fetus for
timely intervention is a main objective of antenatal care. AIMS AND OBJECTIVES- To evaluate the Doppler changes in fetal arterial system
(specifically in middle cerebral artery, umbilical artery and thoracic aorta) in IUGR and to find any possible association between Doppler
abnormalities and adverse perinatal outcomes in [IUGR.

MATERIALS AND METHODS - This was a two-stage study with real time gray scale B-mode and Color Doppler ultrasound studies of the
fetuses with estimated birth weight less than 10th percentile beyond 24 weeks of gestation and follow-up after termination of pregnancy for
detection of adverse perinatal outcome. The study included 50 cases during period between September 2020 and August 2021.

RESULT - The chance of cesarean section for fetal distress was highest for abnormal TA PI (OR =9.17; 95%CI 0.99 - 212.12 and RR = 1.68)
followed by an abnormal cerebroplacental ratio (OR = 7.28; 95% C1 0.77 - 167.93 and RR = 1.60). The chance of admission to NICU was highest
for an abnormal cerebroplacental ratio (OR =4.13; 95% CI 0.76 - 24.87 and RR = 1.94) followed by an abnormal TA PI (OR =3.50;95% C10.73 -
17.90 and RR = 1.83). The chance of perinatal death was maximum with an abnormal cerebroplacental ratio (OR = 16.0; 95% CI 1.36 - 428.19 and
RR=11.38) followed by an abnormal UA PI (OR =9.85; 95% CI10.87 - 255.53 and RR =7.76).

CONCLUSION - Fetuses with an abnormal PI in MCA or UA or TA are at increased risk of adverse perinatal outcomes, An abnormal
cerebroplacental ratio is maximally associated with adverse perinatal outcomes than abnormal PI in any individual vessel' The risk of perinatal
death is also maximum in abnormal cerebroplacental ratio group.
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INTRODUCTION

Intrauterine growth retardation (IUGR) is conveniently defined as fetal
weight less than 10th percentile for gestational age [1]., SGA should no
longer be seen as synonymous with IUGR [2]. IUGR fetuses are at
increased risk of hypoxemia, acidemia and intrauterine fetal demise
[3]. The correct detection of compromised IUGR fetus for timely
intervention is a main objective of antenatal care.

It is the leading cause of low birth weight (defined as birth weight less
than 2500 gm) babies in India..

Less than 30% of infants with a birth weight <10th percentile are detected
during pregnancy [5] IUGR is associated with many short- term
complications like prematurity, necrotizing enterocolitis, hypoxic
ischemic encephalopathy,intraventricular hemorrhage etc. [7, 8] and
long termsequele like short stature, learning disabilities etc.[9, 10, 11].
Perinatal mortality rates are 4-8 times higher for growth retarded infants,
and morbidity is present in 50% of surviving infants [1].

Fetal biometry, although a very good indicator of gestational age and
fetal growth, can not detect fetal comprise and hemodynamic
changesinthe fetus. Traditional tests of fetal well-being are often late
when abnormal as described above. Investigation of the uterine and
umbilical arteries gives information on the perfusion of the
uteroplacental and fetoplacental circulations, respectively, while
Doppler studies of selected fetal organs are valuable in detecting the
hemodynamic rearrangements that occur in response to fetal
hypoxemia. Doppler ultrasound can detect uteroplacental insufficiency
and even acid-base status of the fetus before any other test can do so [1]
Several studies have concluded that changes in the Doppler flow
velocity waveform of the umbilical artery (UA), fetal MCA and
thoracic aorta (TA) are good predictors of adverse perinatal outcome in
terms of timing of delivery, cesarean section for fetal distress,
admission to neonatal intensive care unit (NICU) as well as various
early complications in the newborn like necrotizingenterocolitis, hypoxic-
ischemic encephalopathy, intraventricular hemorrhage etc. [4, 12].
The long-term problems include abnormal physical growth and
neurodevelopmental outcome. These infants are more likely to
develop adult onset disease because of fetal epigenetic changes. [6]

It is the prime target of current antenatal care to identify those fetuses
with IUGR, recognize the early signs of fetal compromise and to
intervene in a timely manner to avoid adverse perinatal outcome.

AIMSAND OBJECTIVES

To evaluate the Doppler changes in fetal arterial system (specifically in
middle cerebral artery, umbilical artery and thoracic aorta) in [UGR
and to find any possible association between Doppler abnormalities
and adverse perinatal outcomes in [IUGR.

The specific objectives of the study were To record pulsatility index
(PI) from each vessel and compare it to the reference value for
gestational age to find if it is abnormal, To assess changes in end-
diastolic flow in the selected vessels, To assess perinatal outcomes of
the fetuses examined by following up the pregnancies up to
termination and To compare the Doppler abnormalities with the
adverse perinatal outcomes to find any possible association.

MATERIALSAND METHODS

This study was conducted at the Department of Radiology,
Government Medical College and Hospital, Bettiah, Bihar. Patients
come here mainly from in and around Bettiah and West Champaran.
Since this is a tertiary referral center, patients may also come from
remote areas. Pregnant females referred from the Department of
Gynecology and Obstetrics, after clinical suspicion of [UGR.

INCLUSION CRITERIA: Singleton pregnancy, Fetal gestational
age of 24 weeks or more as confirmed by prior ultrasonography as early
as possible and US-estimated fetal weight below the 10"percentile for
gestational age or elevated ratio of head circumference( H C ) to
abdominal circumference (AC) more than 1.20

EXCLUSION CRITERIA: Pregnancy with a documented major
congenital or chromosomal abnormality or both.The study was
conducted betweenSeptember 2020 and August 2021.

Systemic random sample, every Sth case was selected for the study,
provided it fulfilled the inclusion criteria. Total number of cases was 50.

Hospital based randomized, prospective, observational study.
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Study parameters

Pulsatility index (PI) values of the umbilical artery (UA), the middle
cerebral artery (MCA) and the descending thoracicaorta (TA) of the
fetus.Ratio of the PI values of MCA to UA (cerebroplacental ratio).

Changes in the flow velocity waveform (FVW):Absent or reversed
end-diastolic flow (EDF).

Adverse perinatal outcome: The adverse perinatal outcomes were
assessed according to the following parameters - Gestational age at
delivery, Cesarean section for fetal distress, Birth weight, Admission
toneonatal care unit & Perinatal death

Study tools

We used a pulsed-wave high resolution color Doppler systems in our
department having color Doppler and power Doppler facilities with
following specifications — Transducer — curved-array 3.5-5.0 MHz,
Wall filter — 50-100 Hz, Sample volume — adapted according to vessel
diameter to cover it completely.

METHODS

This was a two-stage study with real time gray scale B-mode and Color
Doppler ultrasound studies of the fetuses with estimated birth weight
less than 10th percentile beyond 24 weeks of gestation and follow-up
after termination of pregnancy for detection of adverse perinatal
outcome.

History and clinical examination were taken

Study proper:

A 3.5 MHz curvilinear probe was used for the examination purpose.

Pregnant females were placed in recumbent position on the

examination table. Gestational age was calculated from any previous

ultrasound examination performed in early gestation. Where any
previous US report was unavailable, gestational age was calculated
manually from the patient's statement of first day of last menstrual
period (LMP). At first B-mode ultrasound study was performed for
measuring fetal biophysical parameters namely the biparietal diameter

(BPD), head circumference (HC), abdominal circumference (AC) and

femur length (FL). Amniotic fluid volume was also noted. The average

gestational age, effective fetal weight, the percentile fetal weight and

HC to AC ratio were calculated automatically in the machine. If the

EFW at the time of examination was found to be less than 10th

percentile for the gestational age calculated from the first trimester US

study for the particular pregnancy and/or HC to AC ratio was more
than 1.20 some form of intrauterine growth retardation was present.

Such fetuses were further evaluated by pulsed-wave Doppler

examination of the selected fetal vessels. The site of examination of

each vessels were as follows —

a) The UA-atthe middle of the umbilical cord.

b) The MCA - transverse image of fetal head was obtained at the
level of sphenoid bones. Color flow imaging displayed the circle
of Willis. The MCA was detected along the edge of the sphenoid
bone. The sample volume was selected from the proximal
segment of MCA.

c¢) The TA — at the part of the descending aorta just above the
diaphragm. The PI values of the vessels were calculated
automatically in the machine. The flow velocity waveforms were
carefully examined and any change in the end- diastolic flow was
noted.

During the whole procedure a female attendant was present.

Pregnancies were followed up to termination by personal visit to ward,
labor room and NICU and phone calls to the patients' families. Any
adverse perinatal outcome was noted as described above.

Statistical analysis:

Charts were prepared about the details of mother and fetal
characteristics, obtained Doppler parameters and adverse perinatal
outcomes. Statistical analysis was performed on the obtained data to
find out any correlation between the abnormal Doppler study and
adverse perinatal outcome

RESULTSAND ANALYSIS

We performed fetal biometry of about 200 fetuses during the period of
our study. Among them 50 fetuses fulfilled our inclusion criteria and were
included into the study. All the 50 fetuses had estimated weight less than
10th percentile for the gestational age. Only 3 (6 percent) fetuses had
head circumference to abdominal circumference ratio more than 1.2

The estimated fetal weight was less than 10th percentile in all the cases.
It was less than 3rd percentile in 44% cases. The mean estimated fetal
weight was 1980 gm.

On Doppler ultrasound study, 58% of the fetuses had some
abnormality in the Doppler parameter we chose namely the pulsatility
index Distribution of the PI abnormalities is detailed in table 1. We
found abnormal PI values from MCA in 19 cases (65% of the total
abnormalities); from the UA in 17 cases (58% of the total
abnormalities) and from TA in 13 cases (45% of the total
abnormalities). In 13 cases (45% of the total abnormalities) the
cerebroplacental ratio was also abnormal (i.e. less than 1In 16 cases,
there were abnormalities in more than one vessel. Abnormal PI values
were obtained from both MCA and UA; MCA and TA; UA and TA in 4
cases each. In another 4 cases, there were abnormalities in all the three
vessels. Isolated abnormality in the MCA, UA and TA was present in 7,
Sand | cases, respectively (table 1).

We also observed the qualitative changes in the flow velocity
waveform in the arteries. There were changes in the end- diastolic flow
in 13 (26%) cases in the form of either absent or reverse end-diastolic
flow The details of the perinatal outcome in the 50 fetuses examined
are givenin table 2.

The mean gestational age at delivery of all the cases was 34.8 weeks
and the overall mean birth weight was 2271 gm. Birth weight in 68% of
the babies born was less than 2500 gm. The mean gestational age at
delivery was much lower (33.8 weeks) in the abnormal PI group than
the normal PI group (35.4 weeks) (The mean birth weight in the
abnormal PI group was also lower (1821 gm) as compared to the
normal PI group (2363 gm)

There were 4 stillbirths and 46 livebirths. In 29 cases (63% of the
liveborn), cesarean section had to be performed for fetal distress. The
remaining 17 cases (37%) were born by normal delivery. Of the 46
liveborn neonates, 20 (43%) had to be admitted to neonatal intensive
care unit. One baby died in the neonatal period. The total number of
cases showing at least one of the adverse perinatal outcomes was 34
Among the 29 cases born by cesarean section, 17 neonates also had to
be admitted to NICU We observed that an abnormal MCA PI was
significantly associated with cesarean section for fetal distress (p <
0.01) and perinatal death (p < 0.04). An Abnormal UA PI was also
significantly associated with cesarean section (p < 0.04) and perinatal
death (p <0.02). An abnormal TA PI was significantly associated with
only cesarean section for fetal distress (p <0.02). On the other hand, an
abnormal cerebroplacental ratio (less than 1) was significantly
associated with cesarean section for fetal distress (p <0.04), admission
to NICU (p<0.05), as well as perinatal death (p<0.01) (table 3)

Next we calculated the Odd's ratio (OR) and relative risk (RR) for each
abnormal PI. We observed that abnormal PI in all the vessels
successfully identified the group of women with increased risk of
adverse perinatal outcome (table 4).

The chance of cesarean section for fetal distress was highest for
abnormal TA PI (OR = 9.17; 95%CI 0.99 - 212.12 and RR = 1.68)
followed by an abnormal cerebroplacental ratio (OR = 7.28; 95% CI
0.77 - 167.93 and RR = 1.60). The chance of admission to NICU was
highest for an abnormal cerebroplacental ratio (OR = 4.13; 95% CI
0.76 - 24.87 and RR = 1.94) followed by an abnormal TA PI (OR =
3.50; 95% CI1 0.73 - 17.90 and RR = 1.83). The chance of perinatal
death was maximum with anabnormal cerebroplacental ratio (OR =
16.0;95% CI 1.36 - 428.19 and RR = 11.38) followed by an abnormal
UAPI(OR=9.85;95%C10.87-255.53and RR=7.76).

Table 1: The details of the abnormal PI values in the selected vessels in
the 50 fetuses examined. Total number of cases with abnormal PT was
29.

Table 1: US Doppler parameters

PI values

UA 1.25 +0.42%
MCA 1.52 +0.42*
TA 2.03 +£0.37*
Abnormal PI (No. of cases)

UA (> 2 SD) 17 (34)
MCA (<2 SD) 19 (38)

TA (> 2 SD) 13 (26)
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Distribution of changes

Only UA 5(10)
Only MCA 7 (14)
Only TA 1(02)
UA+MCA 4 (08)
MCA + TA 4 (08)
UA + TA 4 (08)
UA+MCA +TA 4 (08)
Total 29 (58)

Note: * Data represent mean + standard deviation.
Numbers in parentheses arepercentages.

Table 2: Details of the perinatal outcome in the 50 fetuses examined

Table 9: Perinatal outcome
Gestational age at delivery (weeks)|34.80 + 2.28
Birth weight 2271.43 £370.22%*
BW <2500 gm (No. of cases) 34 (68)
Normal delivery 17 (34)
Note: Numbers in parentheses are percentages.
Numbers in parentheses are percentages
Table 10: Strength of association
CS (29) NIC U (20) PD (5)
IAbnorm al PI (19)*14/16 (87%) #| 10/1 6(62%) [4/19 (21%)
MC 10/3
A Normal 15/30 0 1/31
PI(31) (50%) 33% (3%)
)
P value p< p< p<
] 0.01 0.06 0.04
Abnorm al PI (17)| 12/14 (85%) | 9/14 (64%) |4/17 (23%)
11/3
UA Normal 17/32 2 1/33
PI (33) (53%) (34% (3%)
)
P value p< p< p=<
0.04 0.06 0.02
Abnorm al PI (13)| 11/12 (91%) | 8/12 (66%) | 1/13 (8%)
TA| Normal PI1(37) | 18/33 (54%) | 12/3 3 (36%) |4/37 (11%)
P value P< P<0 P<
N 0.04 0.05 0.01

Note: * Numbers in parentheses are number of cases
#Numbers in parentheses are proportions.

Table 3: Showing the strength of association between the abnormal PI
values for each vessel and abnormal cerebroplacental ratio with
adverse perinatal outcomes. Z test for proportion were done and a p
value less than 0.05 was considered to be significant.

Table 14: Degree of association
Odd's ratio Relative risk
CS 7.00 (CI1.17 1.75
- 53.84)
MCA NICU [3.33 (CI0.8-14.49) 1.88
PD 8.0(C10.72 - 6.53
205.95)
CS 5.29 (C10.88 1.61
-41.84)
UA NICU |3.44 (C10.78 - 15.87) 1.87
PD 9.85 (C10.87 7.76
-255.53)
CS 9.17 (C10.99 1.68
-212.12)
TA NICU [3.50 (CI0.73 - 17.90) 1.83
PD 0.69 (C10.03 0.71
-7.91)
CS 7.28 (C10.77 1.60
-167.93)
CPR NICU [4.13 (C10.76 - 24.87) 1.94
PD 16.0 (CI 1.36 11.38
-428.19)

Note: CI=Confidence interval.

Table 4: Showing the Odd's ratio and relative risk of adverse perinatal
outcome for abnormal PI values for each vessel examined

SUMMARY AND CONCLUSION

Intrauterine growth retardation (IUGR) has been conveniently defined
as fetal weight below 10th percentile for gestational age. It is
associated with significant morbidity and mortality of the neonates.
The pathophysiology of IUGR involves uteroplacental insufficiency
and a fetal response to hypoxia. Timely diagnosis of fetal compromise
offers the best chance to reduce perinatal complications associated
withIUGR.

Pulsed Doppler ultrasonography has been used to evaluate the fetal
status. Several studies have confirmed that Doppler examination of
fetal vessels give us a good idea of fetal status. It also helps to detect
fetuses likely to be compromised and predicts perinatal complication.

The purpose of our study was to evaluate the role of Doppler
ultrasound parameters of selected fetal vessels in pregnancies with
suspected [IUGR. We studied 50 singleton pregnancies of more than 24
weeks of gestational age with estimated fetal weight less than 10th
percentile for gestational age. We performed Doppler ultrasound on
fetal MCA, UA and TA; recorded the PI values obtained from each
vessels and any end- diastolic flow changes, if present. We followed
the pregnancies up to termination and assessed the perinatal outcome
in terms of gestational age at delivery, cesarean section for fetal
distress, birth weight, admission to NICU and perinatal death.

Out of the 50 fetuses examined, 4 died in-utero (IUFD). Out of the 46
liveborns, 29 fetuses were born by cesarean section and 20 fetuses had
to be admitted to NICU. 1 neonate died in the neonatal period. Of the
29 fetuses born by cesarean section, 14 cases had abnormal MCA PI,
12 cases had abnormal UA PI, 11 cases had abnormal TA PI and 9 cases
had cerebroplacental ratio less than 1. The p values were significant in
all the cases. The Odd's ratio and relative risk of cesarean section were
highest for abnormal TA PI. Of the 20 fetuses admitted to NICU, 10
cases had abnormal MCA PI, 9 cases had abnormal UA PI, 8 cases had
abnormal TA PI and 7 cases had cerebroplacental ratio less than 1. This
was significant only in case of abnormal cerebroplacental ratio which
had the highest Odd's ratio and relative risk, as well. Among the 5
perinatal deaths, abnormal MCA PI, UA PI and cerebroplacental ratio
less than 1 was present in 4 cases each. The p values were significant in
all the cases. Abnormal TA PI was present in 1 case which was not
statistically significant. The Odd's ratio and relative risk of perinatal
death were highest for abnormal cerebroplacental ratio.

CONCLUSION

Based upon our findings we arrived at the following conclusions Fetuses
with an abnormal P1 in MCA or UA or TA are at increased risk of adverse
perinatal outcomes, An abnormal cerebroplacental ratio is maximally
associated with adverse perinatal outcomes than abnormal PI in any
individual vessel' The risk of perinatal death is also maximum in
abnormal cerebroplacental ratio group, Fetuses with absent or reduced
end diastolic flow in TA are at increased risk of cesarean section for fetal
distress and admission to NICU and Fetuses with reduced end diastolic
flow in the UA have the highest risk of perinatal death.

Thus, we may conclude that Doppler ultrasonography of fetal vessels
is a very useful tool in assessing adverse perinatal outcomes in
pregnancies with IUGR. Although a larger study with more cases will
be more helpful in assessing the exact roles of Doppler
ultrasonography in pregnancies with [IUGR.
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