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SUMMARY
Introduction It is estimated that 3–10% of infants are growth restricted. Growth disturbances may have 
long-term issues. Doppler allows insight into the fetal response to intrauterine stress.
Objective The aim of this study was to detect fetal compromise in intrauterine growth-restricted (IUGR) 
fetuses by means of biophysical profile (BPP) vis-à-vis Doppler velocimetry studies of the fetal umbilical 
artery, and to find out which of the two is a better and earlier predictor of fetal compromise.
Methods A prospective study was conducted on a total of 50 singleton pregnancies with IUGR between 
28 and 42 weeks of gestation. Study patients were managed expectantly with nonstress testing and 
amniotic fluid assessment, BPP and Doppler velocimetry studies of the fetal umbilical artery.
Results Fetal outcome was poor in 5/50 (10%) of the fetuses, defined as presence of all of the following: 
poor Apgar test score, neonatal intensive care unit stay, necrotizing enterocolitis, and low birth weight. 
Of the four with abnormal BPP, 50% had poor fetal outcomes. Out of 46 with normal BPP, 6.5% had poor 
fetal outcomes.
Conclusion Inference drawn from the study is that the Doppler technology provides us the opportunity 
for repetitive noninvasive hemodynamic monitoring in IUGR pregnancies.
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INTRODUCTION

Intrauterine growth-restricted (IUGR) fetuses 
are those whose birth weight is below the tenth 
percentile of the average for the gestational 
age. It is estimated that 3–10% of infants are 
growth-restricted. Ultrasound evaluation is 
considered the cornerstone of diagnosis and 
surveillance of fetuses with intrauterine growth 
restriction [1 ]. Growth disturbances may have 
long-term issues. These infants are at risk of 
developing asphyxia, respiratory distress syn-
drome, hypoglycemia, hypothermia, pulmo-
nary hemorrhage, polycythemia, necrotizing 
enterocolitis (NEC), and intraventricular hem-
orrhage, as well as long term consequences. 
For fetuses remote from term, strict antenatal 
monitoring and timely intervention are the key 
components. The most common testing mo-
dalities used include the biophysical profile 
(BPP), nonstress testing (NST), amniotic fluid 
analyses, and examination of fetal blood vessels 
using Doppler velocimetry [2].

IUGR fetuses are of two types: symmet-
ric and asymmetric. Symmetric ones can be 
caused by intrauterine infection or chromo-
somal abnormalities. Asymmetric ones are due 
to maternal vascular diseases causing placental 
insufficiency resulting in decreased blood flow 
through the umbilical vessels to the fetus.

BPP involves combined use of five fetal bio-
physical variables, namely NST, fetal breathing 

movement, gross body movement, fetal tone, 
and amniotic fluid volume, making a total 
score of 10. Fetal hypoxia leads to damping of 
normal neuronal discharge resulting in cessa-
tion of normal function. Average duration of 
sleep–wake cycles in the normal fetus in ap-
proximately 20 minutes; hence BPP takes 30 
minutes to account for normal variations.

Doppler is a non-invasive technique to as-
sess blood flow by characterizing downstream 
impedance. It allows insight into the fetal re-
sponse to intrauterine stress. In normal preg-
nancies, umbilical artery (UA) resistance shows 
continuous decline, in contrast to fetuses with 
uteroplacental insufficiency. Systolic-to-dia-
stolic ratio is the most commonly used measure 
of gestational age-specific UA resistance, which 
changes from a baseline to an elevated value 
with disease worsening. With progress of the 
disease, end-diastolic velocity is lost and, final-
ly, reversed. Previously the only marker of an 
adverse perinatal outcome were reduced end 
diastolic flow (REDF) or absent end diastolic 
flow (AEDF); more recently, flow patterns are 
also being used as markers of fetal wellbeing. 
Other vessels and venous Doppler also provide 
information of the fetal response to intrauter-
ine environment.

Using Doppler as a mode of fetal surveil-
lance, there were significant reductions in the 
induction of labor in elective deliveries, in ce-
sarean sections for fetal distress, and in ante-
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partum admissions to the hospital. Moreover, Doppler is 
a less time-consuming method than BPP. These positive 
effects occurred without evidence of adverse effects [3].

OBJECTIVE

The aim of this study is, hence, to find out which of the 
two is the better and earlier predictor of fetal compromise.

METHODS

This is a prospective study conducted over two years, from 
November 2011 to October 2013 in the Department of 
Obstetrics and Gynaecology at a reputed Institute of Medi-
cal Sciences in India. A total of 50 singleton pregnancies 
between 28 and 42 weeks of gestation with IUGR consti-
tuted the study population. Those with multiple gestations 
and anomalous fetus were excluded. The study was ap-
proved by the departmental Ethics Committee.

Patients who were enrolled in the study were worked 
up in detail, including the previous obstetric information. 
Record of general physical, obstetrical examination and 
routine antenatal investigations was kept.

IUGR fetuses were defined according to ultrasound pa-
rameters as the ones with estimated fetal weight less than 
the 10th centile for gestational age. Estimated fetal weight 
was calculated using Hadlock’s formulae using following 
fetal parameters: parietal diameter, abdominal circumfer-
ence, head circumference, and femur length. Parietal di-
ameter can be appropriately measured through any plane 
of section that traverses the third ventricle and thalami. 
The margins of the calvaria must be symmetrical. For 
head circumference, correct plane of section is through 
the third ventricle and thalami in the central portion of 
the brain, but cavum septum pellucidum must be visible 
in the anterior portion of the brain and tentorial hiatus in 
the posterior portion. For femur length, proper plane is 
the one where both the femoral head of greater trochanter 
and femoral condyle are simultaneously in the plane of 
the section. Exclude cartilaginous ends during measure-
ment and place cursors at junction of cartilage and bone. 
Fetal abdominal circumference is measured at the portion 
where the transverse diameter of the liver is greatest. Cor-
rect plane is the portion where the right and left portal 
veins are continuous with one another and appearance 
of lower rib is symmetrical. The fetuses that weighed less 
than the 10th centile were subjected to weekly Doppler 
and BPP. Scan also included a general survey of fetal posi-
tion, a confirmation of cardiac activity, and an assessment 
of amniotic fluid volume. Acute fetal biophysical variables 
(breathing, movement, and tone) are assessed as normal 
or abnormal against fixed criteria and given a score of 2/2 
or 0/2, respectively.

Study of fetal umbilical arteries was performed using 
LOGIQ 700-GE pulsed Doppler ultrasound (Medical sys-
tems, Waukesha, Wisconsin, USA) with 3.5 MHz curvilin-
ear probe with a high-pass filter. Measurements were made 

from free loop of cord with the fetus in resting condition. 
Position of the umbilical cord was initially identified on 
real time ultrasound and a segment of the cord was chosen 
from where the measurement had to be taken. Color was 
then put on the chosen vessel. Once the cursor was on the 
vessel, with the help of pulsed wave, Doppler waveforms 
were obtained and Doppler parameters calculated – resis-
tance index, pulsatility index, systolic/diastolic ratio (S/D).

Study patients were managed expectantly with NST and 
amniotic fluid assessment, BPP and Doppler velocimetry 
studies of the fetal UA weekly or biweekly. The frequency 
of testing was increased if the fetal tests were non-reassur-
ing. Result of the last Doppler examination within three to 
seven days of delivery was considered in the subsequent 
correlation with perinatal outcomes. These babies were 
followed up postnatally to see their outcome in terms of 
birth weight, at birth complications like birth asphyxia, 
meconium aspiration, and others, like the need for and 
length of stay in neonatal intensive care unit (NICU), and 
also latter complications like NEC. Adverse neonatal out-
come included admission to the NICU, respiratory distress 
requiring ventilatory support, need for total parenteral nu-
trition, sepsis, NEC. Presence of all the aforementioned 
criteria defined abnormal perinatal outcome.

Delivery was expedited in case of nonreassuring tests 
of fetal wellbeing, defined as AEDF or REDF in the UA. 
Elective cesarean delivery was performed in the presence 
of nonreassuring fetal tests.

Statistical analysis

Data were presented as number (%) or mean ± SD, as ap-
propriate. Receiver operating characteristic (ROC) curve 
was used to find out the cut-offs for BPP and color Dop-
pler, considering fetal outcome as the gold standard. The 
results are presented as sensitivity, specificity, and positive 
and negative likelihood ratios. All statistical analyses was 
carried out using STATA 9.0 (College Station, Texas, USA).

RESULTS

A total of 50 patients were recruited into the study, who 
met the inclusion criterion and were detected to have 
IUGR at the time of recruitment. Mean age of the study 
population was 24.3 years and 30% were primigravida. 
Mean period of gestation at recruitment was 33 weeks. 
Gestational hypertension was seen in 20%, antiphospho-
lipid antibody in 6%, thrombophilia in 4%, autoimmune 
disorders in 4%, recurrent urinary tract infection in 2%.

Various other characteristics like the ultrasound pa-
rameters to define IUGR pregnancies and color Doppler 
parameters of the Umbilical artery (UA) were studied. At 
baseline, all had a BPP score of 10. Doppler parameters 
were within normal range. Tables 1 and 2 provide the 
mean values of above parameters.

The fetal outcomes of these IUGR pregnancies were 
studied in terms of birth weight, birth asphyxia, Apgar 
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score, meconium aspiration, NICU stay and NEC. Forty-
three (86%) babies weighed <2.5 kg at birth. An Apgar 
score of <9/9 was found in 10/50 (20%), 17/50 (34%) 
stayed in NICU and 7/50 (14%) developed NEC. Out of 
these seven who developed NEC, 45% had AEDF, 28% 
had REDF, and another 27% had flow reversal in ductus 
venosus (Table 2).

Fetal outcome was poor in 5/50 (10%) of the fetuses, 
defined as presence of all- poor Apgar, NICU stay, NEC 
and low birth weight. Of the 4 with abnormal BPP, 50% 
had poor fetal outcomes. Out of 46 with normal BPP, 6.5% 
had poor fetal outcomes. All 5/5 fetuses with had an ab-
normal Doppler was found in all the fetuses with poor 
outcome. We found that amongst 5 with poor outcomes, 
40% had AEDF, 40% had REDF and 20% had flow reversal 
in ductus venosus (Table 3).

AS described in Table 2 out of 50 fetuses, 35 had normal 
Doppler results; 4 had raised S/D ratio meaning minimally 

compromised; 6 had AEDF; 3 each were of REDF and re-
versal of ductus venosus flow meaning severely compro-
mised. But all these severely compromised did not land 
up in poor fetal outcome. Likewise for biophysical profile 
46 fetuses out of 50 had a score of 8/10 or 10/10 ie ei-
ther single or at the most two components were affected. 
Among the remaining four, two had score 6/10 and one 
each had a score of 4/10 and 2/10. And all these fetuses 
with score 6/10 or less had poor outcomes. During serial 
Doppler velocimetry and BPP it was found that Doppler 
became abnormal 10–14 days prior to BPP.

The ROC analysis revealed AEDF in UA as optimal cut-
off that provides an ROC area of 0.95 (95% CI, 0.89–1.00). 
The ROC analysis revealed a BPP score of 10/10 as opti-
mal cut-off that provides an ROC area of 0.67 (95% CI, 
0.43–0.91) (Table 3).

DISCUSSION

IUGR refers to a condition in which a fetus is unable to 
achieve its genetically determined potential size. This 
functional definition seeks to identify a population of fe-
tuses at risk for modifiable but otherwise poor outcomes. 
Accurate and effective monitoring of fetal growth is one 
of the key components of prenatal care.

In pregnancies with IUGR, gestational hypertension 
was seen in 20%, chronic in 4%, antiphospholipid anti-
body syndrome in 6%, thrombophilia in 4%, autoimmune 
disorders in 4%, recurrent urinary tract infection in 2%, 
and unexplained in 60% of patients in the present study. 
The leading causes which have been identified in other 
studies also included hypertension, diabetes, antiphospho-
lipid antibody syndrome, chronic systemic diseases and 
unexplained causes in 50% of patients, which is consistent 
with the present study [2].

Antepartum fetal testing has been a matter of great con-
cern among the obstetricians. Over time, various methods 
have been devised, used, studied, and critically analyzed 
in order to get a better predictor for perinatal outcome. 
Our study of antenatal testing for IUGR fetuses revealed 
that having an abnormal Doppler study in the presence 
of IUGR is associated with the highest risk of abnormal 
fetal outcome, compared with patients who have a non-
reassuring NST or BPP. In IUGR, first there is decreased 
diastolic flow in the UA due to increase in the resistance 
that occurs in small arteries and arterioles of the tertiary 
villi. This raises the S/D ratio; Pl and Rl of UA. As the pla-
cental insufficiency worsens, the diastolic flow decreases, 
then become absent, and later reverses.

Using Doppler as a mode of fetal surveillance, there were 
significant reductions in the induction of labor, in elective 
deliveries, in cesarean sections for fetal distress, and in an-
tepartum admissions to the hospital. These positive effects 
occurred without evidence of adverse effects [3].

Fetal outcomes of these IUGR pregnancies were studied 
in terms of birth weight, birth asphyxia, Apgar score, me-
conium aspiration, NICU stay and NEC. Fetuses with all of 
these parameters were considered to have poor or abnormal 

Table 1. Baseline characteristics in pregnancies with intrauterine 
growth restriction (IUGR)

Parameter Mean±SD
Period of gestation (weeks) 33.24±1.7

Umbilical artery
Resistance index 0.61±0.19
Pulsatility index 1.34±0.36
Systolic/diastolic ratio 2.67±0.24

Middle cerebral artery
Resistance index 0.82±0.23
Pulsatility index 1.57±0.47
Systolic/diastolic ratio 4.01±0.88

Lag (weeks)
Biparietal 1.6±0.88
Abdominal circumference 2.9±0.81
Femur length 1.78±0.78

Liquor 8.82±1.77

SD – standard deviation

Table 2. Characteristics before termination in pregnancies with IUGR

Parameter N
Fetal outcome

Good Poor

Doppler results

S/D <3 35 35 0
Raised S/D 4 4 0

AEDF 6 4 2
REDF 3 1 2

DV reversal 2 1 1

Biophysical profile

>6/10 46 43 3
6/10 2

2 24/10 1
2/10 1

N – number of patients; S/D – systolic/diastolic ratio; AEDF – absent end 
diastolic fl ow; REDF – reversal end diastolic fl ow; DV reversal – ductus venosus 
fl ow reversal

Table 3. Doppler parameters and biophysical profile score in poor 
outcome fetuses

Poor outcome fetuses Doppler value BPP value
1 REDF 10/10
2 Ductus venosus flow reversal 10/10
3 AEDF 4/10
4 AEDF 10/10
5 Ductus venosus flow reversal 6/10

BPP – biophysical profi le; REDF – reversal end diastolic fl ow; 
AEDF – absent end diastolic fl ow
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perinatal outcome. All these poor fetal outcomes were bet-
ter predicted by Doppler rather than BPP. The diagnostic 
accuracies of both these tests are given in Tables 4 and 5.

We found that all fetuses with poor outcome had ab-
normal Doppler results. The sensitivity of Doppler (cut-off 
taken to be AEDF) for poor fetal outcome was found to 
be 100%. This means that all the fetuses with poor fetal 
outcomes could be identified by poor Doppler results. In 
other words, the pick-up rate of abnormal Doppler results 
for poor fetal outcome is 100%, whereas a normal Doppler 
reading could correctly identify 77.78% of the fetuses as 
being normal, thus avoiding unnecessary admissions and 
early inductions. This means a reduction in the load of cae-
sarean sections, as well as elective deliveries done in view of 
other antenatal tests. Also, the ability of a normal Doppler 
to predict a good fetal outcome was found to be 97%.

With increasing severity of abnormal Doppler, false 
positivity rate decreases. Best UA-S/D cut-off for screen-
ing is AEDF. As UA-S/D worsens, although specificity 
increases, sensitivity falls. Nicolaides et al. [4] found that 
70–80% of the fetuses with AEDF were hypoxic, and 45% 
acidotic. Yoon et al. [5] demonstrated in their study that 
absent umbilical artery waveform is a strong and indepen-
dent predictor of adverse perinatal outcome.

The ability of an abnormal BPP, a score of <6/10 to 
predict a poor fetal outcome was found to be 50%, and the 
ability of a normal BPP to predict a good fetal outcome 
was 93%. It was also established that 40% of the fetuses 

with poor fetal outcomes could be correctly identified by 
poor BPP in comparison to the 100% pick-up rate for Dop-
pler. However, since 96% of the fetuses with good fetal out-
comes could be identified by a normal BPP, this highlights 
that BPP is a good ‘rule out’ test of poor fetal outcome.

Another important inference drawn was that Doppler 
could pick up fetal compromise earlier than BPP. Amongst 
the five patients with poor fetal outcomes all had an ab-
normal Doppler, but only 40% had abnormal BPP before 
delivery. This highlights that while BPP was still normal, 
fetuses were already at compromise, as confirmed post-
natally by the presence of parameters for abnormal peri-
natal outcome, like nursery admissions and development 
of NEC, but these were correctly identified antenatally by 
abnormal Doppler. This means that Doppler is an earlier 
predictor of poor neonatal outcome.

To plan the most appropriate timing of delivery for the 
preterm severe IUGR fetus is the most crucial part in the 
management of these fetuses. The optimal antepartum test 
to determine this is the greatest dilemma. However, our 
data suggests that fetal Doppler studies may improve the 
efficiency and efficacy of antenatal testing in preventing 
morbidity and mortality of IUGR fetuses, compared to BPP.

CONCLUSION

Doppler technology provides us the opportunity for re-
petitive noninvasive hemodynamic monitoring in IUGR 
pregnancies. There is sufficient evidence that Doppler 
indices from the fetal circulation can reliably predict ad-
verse perinatal outcome in an obstetric patient popula-
tion with fetal growth restriction. According to the present 
study, Doppler proved to be more sensitive in detecting 
fetal compromises and could reliably predict poor out-
comes in the form of birth weight, birth asphyxia, Apgar 
score, NICU stay, and NEC. AEDF was found to be the 
best UA-S/D cut-off for screening. With increasing sever-
ity of abnormal Doppler, false positivity rate decreases. 
It also detects fetal compromise early and can aid in the 
appropriate timing of delivery. We made comparisons of 
BPP and Doppler with the immediate neonatal outcomes 
only, and no long-term follow-up, which may be beneficial 
in identifying the long-term complication to which these 
babies are predisposed to, was done.

Table 4. Diagnostic accuracy of biophysical profile in predicting ad-
verse perinatal outcome

Study [ref. No] Sensitivity Specificity PPV (%) NPV (%)
Present study 40 96 50 93
Gonalez et al. [6] 19 96 64 79
Tongprasert et al. [7] 50 99.07 50 99.07
Piazze et al. [8] 80 58 28 83

PPV – positive predictive value; NPV – negative predictive value

Table 5. Diagnostic accuracy of Doppler in predicting adverse peri-
natal outcome

Study [ref. No] Sensitivity Specificity PPV (%) NPV (%)
Present study 100 77.78 33 97
Lakhkar et al. [9] 75 41.3 25 86.3
Maulik et al. [10] 79 93 83 91
Romero et al. [11] 28 97 40 96.2
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КРАТАК САДРЖАЈ
Увод Про це њу је се да 3–10% но во ро ђен ча ди па ти од ин-
тра у те ру сног за сто ја у ра сту (ИУЗР). Смет ње при ра сту мо гу 
има ти ду го роч не по сле ди це. До плер до зво ља ва увид у ре-
ак ци ју фе ту са на ин тра у те ру сни стрес.
Циљ ра да Свр ха ове сту ди је би ла је да се от кри је угро же-
ност пло до ва са ИУЗР по мо ћу би о фи зич ког про фи ла (БФП), 
као и ве ло си ме триј ским ис пи ти ва њем фе ту сне пуп ча не ар-
те ри је по мо ћу до пле ра, ка ко би се уста но ви ло ко ја је од ове 
две ме то де бо љи и ра ни ји по ка за тељ угро же но сти пло да.
Ме то де ра да Про спек тив на сту ди ја је об у хва ти ла 50 јед но-
плод них труд но ћа са ИУЗР у 28–42. не де љи ге ста ци је. На ис-
пи та ни це об у хва ће не сту ди јом при ме њен је екс пек та тив ни 
по сту пак, са ис пи ти ва њем без стре са и про ве ром ам ни он-
ске теч но сти, као и БФП-ом и ве ло си ме триј ском ана ли зом 
фе ту сне пуп ча не ар те ри је по мо ћу до пле ра.

Ре зул та ти Ис ход је био не по во љан код пет фе ту са (10%), 
што је де фи ни са но при су ством свих на бро ја них по ка за те-
ља: ло ша оце на на Ап гар те сту, бо ра вак на оде ље њу нео на-
тал не ин тен зив не не ге, не кро ти зи ра ју ћи ен те ро ко ли тис и 
ма ла те ле сна ма са на ро ђе њу. Од че ти ри слу ча ја са аб нор-
мал ним БФП, фе тал ни ис ход је био не по во љан у 50%. Од 
46 слу ча је ва са нор мал ним БФП, 6,5% је има ло не по во љан 
фе тал ни ис ход.
За кљу чак На осно ву ре зул та та ис тра жи ва ња мо же се за-
кљу чи ти да нам тех но ло ги ја до пле ра пру жа при ли ку за 
по на вља ње не ин ва зив ног пра ће ња хе мо ди на ми ке у труд-
но ћа ма са ИУЗР.

Кључ не ре чи: ин тра у те ру сни за стој у ра сту; до плер; угро-
же ност пло да

Промене на доплеру као најранији показатељ у праћењу фетуса за 
установљавање угрожености плодова с интраутерусним застојем у расту
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