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ABSTRACT

Background: Antepartum detection of the fetus at risk of death or compromise in utero remains a major challenge in
modern obstetrics. The waveform analysis of the feto- maternal circulation by Doppler ultrasound has therefore
become a quick and a simple way of screening and identifying fetal compromise. The main objective of the study is to
evaluate Doppler flow indices as an index for assessing fetal well being in high risk pregnancies and to determine the
predictive value of various Doppler parameters with perinatal outcome.

Methods: The study was a prospective cohort study were forty pregnant women with a high risk factor (intrauterine
growth restriction, pre eclampsia and gestational diabetes mellitus) and forty pregnant women with no high
risk(controls) were selected at 34 weeks of gestation. Both the groups underwent an obstetrical ultrasound with color
Doppler examination of bilateral uterine arteries, umbilical artery and middle cerebral artery. Abnormality was
serially monitored and pregnancy terminated in the presence of absent, reversal of end diastolic flow in umbilical
artery or non-reassuring tests of fetal wellbeing.

Results: Uterine artery S/D abnormality was seen in 32.5% of high risk cases were as abnormal umbilical artery S/D
was seen in 25% and abnormal Pulsatility Index (PI) in 15% cases. Middle cerebral artery flow was abnormal in only
17.5% cases. Abnormality in the uterine artery flow correlated well with the incidence of preterm delivery (69.2%),
need for cesarean section (53.8%) and length of Neonatal intensive care unit(NICU) stay >48 hours (69.23%).
Abnormal umbilical artery flow was associated with a significant increase in the incidence of preterm delivery(75%),
small for gestational age babies(93.75%) and length of NICU stay >48 hours (93.75%). There was no significant
correlation seen with isolated abnormal middle cerebral artery flow.

Conclusions: Both uterine and umbilical artery Doppler velocities correlate well with the perinatal outcome but
abnormal uterine artery Doppler predicts adverse neonatal outcome better than the fetal vessels as it discriminates
fetuses at risk because of abnormal placental vascularisation from those who are at risk due to other causes.
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INTRODUCTION

Antepartum detection of the fetus at risk of death or
compromise in utero remains a major challenge in
modern obstetrics. The waveform analysis of the feto-
maternal circulation by Doppler ultrasound has therefore

become a quick and a simple way of screening and
identifying fetal compromise.

The diameters and flow volumes of all the vessels of the

feto- maternal circulation increases significantly as the
gestational age advances. However there is an initial fall
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in the blood flow when adjusted to millilitres/kilogram
body weight with a minimum at 30 weeks of gestation
after which it rises till term.?

There is ample evidence that Doppler interrogation of
feto- maternal circulation can reliably predict adverse
perinatal outcome in a high risk pregnancy viz. intra
uterine growth restriction and pre-eclampsia. The
umbilical artery and the middle cerebral artery Doppler
are algo used in pregnancies at a risk of having an anemic
fetus.

Doppler assessment of the utero-placental circulation
hence plays an important role in screening for impaired
placentation and its resultant complications of pre-
eclampsia, intrauterine growth restriction and perinatal
death.

METHODS

The study was a prospective controlled non randomized
cohort study conducted in a Tertiary care center in Delhi,
India from 2009-11. The study was approved by the
institutional ethics and research review board.

A total of 80 pregnant women were selected at 34 weeks
of gestation and 40 of them had a high risk factor
(preeclampsia, intrauterine growth restriction and
gestational diabetes mellitus). Pre-eclampsia was defined
as blood pressure of >140/90 mmHg or diastolic BP >110
mmHg on two occasions 4 hours apart after 20 weeks of
gestation with proteinuria >300 mg/24 hours or >1 + by
quantitative dip stick test in the absence of urinary
infection. Intra uterine growth restriction (IUGR) was
defined as weight at a particular gestational age being
less than the 10™ percentile® for that gestational age.
Gestational Diabetes Mellitus was defined according to
the Carpenter and Coustan criteria® for diagnosis of
gestational diabetes mellitus.

The remaining 40 women who had no obstetrics disorder
or any risk factor were selected as controls. Pregnant
women with fetal congenital anomalies and multiple
pregnancies were excluded from the study. A detailed
history and examination was done on all patients
recruited in the study. Both the study groups underwent
routine antenatal screening.

A grey scale ultrasound with color Doppler using a trans
abdominal probe of frequency 3.5 MHz was performed in
both the groups. Doppler flow of 4 vessels namely the
right and the left uterine artery, the umbilical artery and
the middle cerebral artery were obtained and the
recordings were taken. An abnormality of the Doppler
flow was serially monitored.

Abnormal Doppler flow values were taken for that
particular gestational age as established by published
normograms.®"®° Presence of a diastolic notch (at least
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two readings) or S/D >95" percentile in uterine artery
was considered abnormal. Abnormal umbilical artery
Doppler was taken as Pulsatility Index (P1) >95"
percentile or S/D ratio >95" percentile or absent or
reversed End Diastolic flow. Abnormal middle cerebral
artery flow was taken as PI <5™ percentile.

Termination of pregnancy was considered in the presence
of any of the following: absent or reversal end diastolic
flow in umbilical artery, non reassuring tests of fetal
wellbeing and worsening of maternal condition. The
obstetric and the perinatal outcome in both the groups
were noted.

All the above data was compiled and statistically
analysed using Stat View 4.5 (Berkeley, California) and
IBM - SPSS Statistics v19.0.0 Multilingual. Data was
compared using Chi- squared test and Fischer exact test
with a two tailed P value <0.05 was considered
significant. Multivariate step wise forward regression
analysis was used to determine the correlation of various
Doppler parameters with the individual perinatal
outcome.

RESULTS

Of all the high risk cases 35% had growth restricted
fetuses, 22.5% had a hypertensive disorder and 15% had
gestational diabetes mellitus. The remaining 27.5% had a
combination of the above risk factors.

No significant difference in the maternal characteristics
of the cases and the control group was noted (Table 1).

Neonatal complication rates were significantly higher in
the cases as compared to the controls (Table 2).

Abnormal uterine artery Doppler flow was noted in
32.5% of patients in the high risk group and 5% of the
patients in the control group. This difference was
statistically significant (Table 1). There was a significant
increase in the incidence of preterm delivery (69.2%),
emergency cesarean section (53.8%), length of neonatal
intensive care unit(NICU) stay (69.23%) and need for
ventilator support (19.23%) when uterine artery Doppler
abnormality was seen(Table 3).

An abnormal umbilical artery S/D ratio was present in
25% of the high risk group and 5% of the control group.
This difference was found to be statistically significant.
Abnormal umbilical Pl was 15% in the former and only
2.5% in the later group (Table 1). Abnormal umbilical
Doppler velocimetry in the high risk group was
significantly associated with increased incidence of
preterm delivery (75%); small for gestational age babies
(93.75%) and increased length of NICU stay (93.75%).
As in the case of uterine artery Doppler, the specificity of
umbilical artery Doppler was high being around 90% in
the high risk group (Table 4).
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Table 1: Comparison of Maternal, perinatal and Doppler characteristics between case and control groups.

Cases(n=40) Control(n=40) P- value

Maternal characteristics
1. Age (meanx2SD in years) 27.65%9 28+7.4 0.513
2. Primiparity (%) 70 0.483
3. LSCS (%) 40 0.369
4. Labor complications (%) 7.5 0.311
Perinatal characteristics
1. Gestational age at delivery 38+3.16 38.3+£2.22 0.0013
( weeks)
2. Birth weight (in Kgs) 2.39+1.26 2.92+0.6 0.0001
3. APGAR at 5 minutes 7.55+2.06 8.35x1.6 0.154
4. Meconium (%) 5 1.000
5. NICU admission (%) 325 0.0013
6. Length of NICU stay (in days) 4.4+10.36 1.05+3.3 0.0001
7. Neonatal complications (%) 275 <0.0001
8. Ventilator support (%) 25 0.613
Doppler characteristics
. Uterine artery S/D (mean+2SD) 2.35£1.56 1.75+1.0 <0.0001
2. Umbilical artery S/D 3.26+3.92 2.49+0.64 0.025
(mean+2SD)
3. Umbilical artery Pl 1.1+1.24 0.89+0.36 0.108
(mean+2SD)
4. Middle Cerebral artery Pl 1.51+0.78 1.74+0.76 0.057
(mean+2SD)
Table 2: Neonatal complications
Complication Cases (% Controls (%
Jaundice 47.5 (19) 10 (4)
Birth asphyxia 30 (12) 10 (4)
Polycythemia 12.5 (5) 0
Sepsis 5(2) 0
Weight Loss 2.5(1) 25(1)
Feed Intolerance 2.5(1) 25(1)
Hypoglycemia 25(1) 0
Respiratory Distress Syndrome 2.5(1) 0
Hypoxic Encephalopathy 2.5(1) 0
Necrotizing Enterocolitis 2.5(1) 0
Anemia 0 25(1)

Numbers in parenthesis indicate n. Overlapping may be present

Table 3: Perinatal outcome with abnormal Uterine artery Doppler

Parameter Sensitivity(%) Specificity (%) NPV'(%)
Preterm delivery 50 81.81 69.2 66.67
Small for gestation 41.67 81.25 76.92 48.14
APGAR at 5 minutes < 7 64.28 74.24 34.62 90.74
No. of days in NICU >48 hrs 40.9 77.78 69.23 51.85
Ventilator support 83.33 71.62 19.23 98.15

" Positive predictive value; tNegative predictive value
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Table 4: Perinatal outcome with abnormal Umbilical artery Doppler

Preterm delivery 33.33
Small for gestation 31.25
APGAR at 5 minutes < 7 35.71
No. of days in NICU >48 hrs 34.09
Ventilator support 66.67

" Positive predictive value; "Negative predictive value

90.90 75 62.5

96.88 93.75 48.44
83.33 31.25 85.94
97.22 93.75 54.69
83.78 25 96.88

Table 5: Perinatal outcome with abnormal Middle cerebral artery Doppler

Preterm delivery 11.11
Small for gestation 16.67
APGAR at 5 minutes < 7 14.29
No. of days in NICU >48 hrs 18.18
Ventilator support 0

“ Positive predictive value; 'Negative predictive value

An abnormal MCA Doppler was observed in 17.5% of
the high risk and 2.5% of the control group (Table 1).
Although correlation of abnormal MCA Doppler was
seen with perinatal morbidities but none of them was
significant. However, as with the other Doppler
parameters, the specificity and the negative predictive
value of abnormal MCA Doppler was high (Table 5).

Only one case of absent end diastolic flow in the
umbilical artery was seen. No case of reversal of end
diastolic flow in umbilical artery was noted.

DISCUSSION

The introduction of real time ultrasound has enabled the
observation of changes in fetal growth during pregnancy,
thereby making it possible to detect antenatal fetuses at
increased risk of being small for gestational age.
However this antenatal detection cannot distinguish a
normal small fetus from a compromised small fetus and
its associated risks of stillbirth, perinatal mortality and
neonatal handicap.

The present prospective cohort study was in continuum
with the numerous studies done in assessing the role of
various color Doppler parameters in the prediction of an
adverse perinatal outcome.

Doppler interrogation of the uterine artery provides
important information on the conversion process of spiral
arteries into uteroplacental arteries. This conversion
becomes abnormal in growth restricted pregnancies and
pre- eclampsia. In the present study, cut off for uterine
artery S/D ratio at 34 weeks was taken as 2.6 in
accordance with Fleischer et al. ®

We found a uterine artery Doppler abnormality in 32.5%
of the high risk patients at 34 weeks as against 5% in the
control group. A higher figure was seen in the study by T
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77.27 28.57 51.51
81.25 57.14 39.39
81.81 14.29 81.81
83.3 57.14 45.45
81.08 0 90.90

Ghi et al (51.5%) on late onset preeclampsia.’® In low risk
cases studied by Irion et al'* an abnormal uterine artery
S/D was seen in 10% cases.

Increase in the uterine artery volume flow and
consequently a decrease in the S/D ratio with increasing
gestation was observed by Konje et al in their study.®
However their study shows that although the quantified
volume flow in both SGA and AGA fetuses increases
throughout gestation, the increase in the SGA group was
less marked.'? In accordance with this, the mean uterine
artery S/D ratio at 34 weeks in the high risk and control
groups of the present study was 2.35 and 1.75
respectively.

Studies have shown that Doppler velocimetry of fetal
vessels, which have been used extensively to reduce the
risk of perinatal morbidity in high risk babies loses its
predictive ability when approaching term.”* Normal
umbilical artery in many instances has been seen in high
risk cases beyond 34 weeks of gestation inspite of
adverse perinatal outcome. In accordance with this , we
have found that the uterine artery Doppler predicts the
adverse neonatal outcome in terms of premature delivery,
small for gestational age babies, low APGAR at 5
minutes, need for NICU admission and ventilator support
better than the fetal vessel Doppler velocimetry.

The umbilical artery Doppler is valuable in investigation
of high risk pregnancy, although it is not a good
screening tool in the low risk population. Perinatal
morbidity and mortality is higher in high risk group with
abnormal umbilical artery Doppler flow. In clinical
practice several umbilical Doppler indices have been
used for fetal surveillance. In the present study we used 2
indices: S/D ratio and Pulsatility index.

A longitudinal study by Acharya et al reported the 95"
percentile for the Pl at 34 weeks as 1.2.” The umbilical
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S/D ratio 95th percentile in high risk pregnancy was
given as 3 at 34 weeks by Cameron et al.?

Using these cut-offs, 25% of high risk cases and 5% of
the controls had an abnormal S/D ratio at 34 weeks.
Similarly, Dubey et al** found an abnormal umbilical
artery S/D in 29.2% of high risk cases. 15% of the high
risk patients had an abnormal PI and in the control group
this value was 2.5%. Similar figures were observed by
Vergani et al®® who had 16% of patients in adverse
outcome group having umbilical PI >95" percentile as
opposed to 3% in the good outcome group.

A statically significant correlation was seen between
abnormal umbilical artery Doppler flow, the incidence of
SGA, the length of the NICU stay and the need for
ventilator support. Previous studies by McCowan et al*®
& Gudmundsson et al*’ have also shown similar results.

Thus the resistance and flow in the umbilical artery is a
good indicator of placental function and neonatal
morbidity. However the presence of normal umbilical
artery Doppler does not rule out the chance of perinatal
morbidity as the changes in the Doppler indices do not
occur in mild forms of placental insufficiency and they
become abnormal only in advanced stages of placental
dysfunction.

Velocimetry of the uterine and the umbilical arteries are
considered to be more accurate than that of MCA.*® Fetal
brain sparing indicates redistribution of blood flow to the
baby’s vital organs. The involvement of cerebral vessels
is a compensatory mechanism in response to decreased
placental flow.

We have noted the mean MCA Pl at 34 weeks as 1.51in
the high risk and 1.74 in the control group. Harrington et
al,®® who in their longitudinal analysis of Doppler
circulation, showed that the MCA means were different
in the high risk group than the normal group.

Though MCA indices are not useful parameters for
identification of growth restricted fetuses at risk,
abnormal MCA PI values were highly suggestive of poor
perinatal outcomes in fetuses with abnormal uterine and
umbilical velocimetry.

Doppler studies identify uteroplacental insufficiency and
its effects on fetus. Hence, in the present study constant
surveillance including tests for fetal wellbeing and
monitoring of maternal condition were done along with
serial Doppler scans. The decision for the timing and
mode of termination of pregnancy was considered by the
obstetrician taking into account all the above mentioned
factors.

CONCLUSIONS

All the Doppler parameters have a high negative
predictive value but a low positive predictive value and
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sensitivity. Both uterine and umbilical artery Doppler
velocities correlate well with the perinatal outcome but
abnormal uterine artery Doppler predicts adverse
neonatal outcome better than the fetal vessels as it
discriminates fetuses at risk because of abnormal
placental vascularisation from those who are at risk due
to other causes. However, long term studies of the
antenatal Doppler parameters, their neurological and
metabolic impact on the fetus need to be undertaken for
the last word on this issue.
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