Srp Arh Celok Lek. 2016 Jan-Feb;144(1-2):69-73

DOI: 10.2298/SARH1602069B

OPUTMHAJTHM PALL / ORIGINAL ARTICLE UDC: 618.33-073

Doppler changes as the earliest parameter in
fetal surveillance to detect fetal compromise in
intrauterine growth-restricted fetuses
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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-a-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 [UGR 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.

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

Parameter Mean=SD
Period of gestation (weeks) 33.24+1.7
Resistance index 0.61+0.19
Umbilical artery Pulsatility index 1.34+0.36
Systolic/diastolic ratio 2.67+0.24
Resistance index 0.82+0.23
Middle cerebral artery | Pulsatility index 1.57+0.47
Systolic/diastolic ratio 4.01+0.88
Biparietal 1.6+0.88
Lag (weeks) 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

Fetal outcome
Parameter N
Good Poor
S/D<3 35 35 0
Raised S/D 4 4 0
Doppler results AEDF 6 4 2
REDF 3 1 2
DV reversal 2 1 1
>6/10 46 43 3
. ) . 6/10 2
Biophysical profile 410 ] 2 5
2/10 1

N - number of patients; S/D - systolic/diastolic ratio; AEDF — absent end
diastolic flow; REDF - reversal end diastolic flow; DV reversal - ductus venosus
flow 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 profile; REDF - reversal end diastolic flow;
AEDF - absent end diastolic flow

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 AEDE, 28%
had REDE, 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 AEDE 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
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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] 75 413 25 86.3
Maulik et al. [10] 79 93 83 91
Romero etal.[11] 28 97 40 96.2

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 AEDE. 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
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MpomeHe Ha gonnepy Kao HajpaHuju nokasartesb y npahewy deTyca 3a
YCTaHOBJ/baBak€ YIPOXKEHOCTU N10A0BA C UHTPAYTEPYCHUM 3aCTOjeM Y pacTy

CanoHu baHcan', lunuka [leka? Batcna [ixagsan? Payus MaxeHgpy'

'Ope/betbe 3a aKyLepcTBO 1 FTMHEKONorujy, JpaBH1 MeAULIMHCKI Konel 3a xeHe BHIT, Kxannyp Kanan, Conenar, XapjaHa, ViHauja;
’Operbetbe 3a aKyLepcTBo U rmHeKonorujy, CBeNHANJCKA UHCTUTYT 3a MeanLMHCKe HayKe, by flenxu, MHguja

KPATAK CAIP?KAJ

YBog Mpouetbyje ce aa 3-10% HoBopoheHYaan natu of UH-
TpayTepycHor 3acTtoja y pacty (1Y3P). CmeThe npu pacty mory
“MaTy iyropoyHe nocnepauue. [lonnep Ao3BosbaBa yBUA Y pe-
aKkuujy deTyca Ha MHTPayTepPyCHU CTPeC.

Linm papa Cpxa oBe cTyamje 6una je Aa ce oTKpuje yrpoxe-
HocT nnogoBa ca MY3P nomohy 6uodusunykor npoduna (OM),
Kao 1 BENIOCMETPUjCKUM NCMUTMBaHbeM GeTyCHe nynyaHe ap-
Tepuje nomohy fonnepa, Kako 61 ce ycTaHOBUIIO Koja je of oBe
[Be MeToze 60/bY 1 paHuji NoKasaTesb YrpOXKEHOCTH Noga.
MeTope papa lNpocnekTrBHa cTyawja je obyxsatuna 50 jegHo-
nnogHux TpyaHoha ca NY3Py 28-42. Heperbu rectaumje. Ha nc-
nuTaHuLe obyxBaheHe CTYANjOM NPUMEHEH je eKCrneKTaTUBHM
MoCTymnaK, ca NCNuT1BakbeM 6e3 cTpeca 1 NPOBEPOM aMHUOH-
CKe TeYHOCTU, Kao 1 BOIM-om 1 BenocmeTprjckom aHannsom
deTycHe nynuaHe apTepuje nomohy fonnepa.
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PeBu3uja « Revision: 21/10/2015

PesyntaTtm Vicxop je 610 HenoBosbaH Kog neT detyca (10%),
WTO je AedrHMCAHO NPYCYCTBOM CBMX HabpojaHUX noKasare-
Jba: JIoLa oLieHa Ha Anrap TecTy, 6opaBak Ha ofiesbeky HeoHa-
TaJ/lHe NHTEH3UBHE Here, HEKPOTM3MpPajyhiv eHTEPOKOIUTIC U
Marna TefiecHa maca Ha pohery. Of yeTrpy cnyydaja ca abHop-
ManHum BOTM, detanHn ncxop je 61o HenoBorbaH y 50%. Og
46 cnyyvajeBa ca HopmanHum bOIT, 6,5% je nmano HenoBosbaH
deTanHu ncxop.

3ak/byuak Ha ocHOBY pe3ynTaTa UCTPaKMBaka MOXe Ce 3a-
KIbyUnTW ja Ham TEXHOJOrMja Aonaepa npyxa npunnky 3a
NMoHaB/batbe HEMHBA3MBHOT Npahetba XeMoAVHaAMUKeE Y TPYA-
Hohama ca NY3P.

KrbyuHe peuu: nHTpayTepycHu 3acToj y pacTty; Jonnep; yrpo-
KEHOCT nofa
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