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Introduction

Perinatal and maternal mortality rates are declining in India
but remain high compared with the global rates.1 The higher
perinatal and maternal mortality rates in India indicate a
high burden of maternal and fetal morbidity with short-and-
long-term consequences on the health of the baby. Hales and
Barker proposed undernourishment during critical periods
of fetal development as a major cause for structural and
functional changes in the developing systems of the fetus.2

These changes are hypothesized as potential causes for the
incidence of cardiovascular diseases (CVDs), diabetes, and
non-communicable diseases later in life.3–10 Fetal under-
nourishment may be related to malnutrition of the pregnant
woman that continues from preconception periods and
placental insufficiency during pregnancy.11 Pregnancy-in-
duced hypertension can lead to placental insufficiency and
consequent fetal growth restriction (FGR) and insulin resis-
tance.12–14 The magnitude of CVDs is high in India with an
age-adjusted CVD death rate of 272 per 100,000 population
compared with the global average of 235 per 100,000 popu-
lation.15 India is an epicenter of the global diabetes pandemic
with a rapid increase in the prevalence of type 2 diabetes
mellitus (DM).16 The fetal origin hypothesis may partly
explain the high prevalence of these conditions in India as

pregnancy-induced hypertension and FGR are the major
causes for perinatal morbidity and mortality in India.17,18

Samrakshan is a national program of the Indian Radiolog-
ical and Imaging Association (IRIA) that addresses high
perinatal rates in India through an approach that integrates
fetal Doppler imaging biomarkers with routine antenatal
screening for pregnant women in India.19 The initial phase of
Samrakshan focused on the use of a multiparametric Bayes-
ian model for early identification and risk stratification of
pregnant women at high risk for the development of preterm
preeclampsia (PE) and FGR.19 Early identification of high-risk
women, initiation of low dose aspirin and closer monitoring
integratedwith routine antenatal care as part of the Samrak-
shan program was expected to reduce perinatal mortality
rates in India.We present the results of thefirst 2 years of the
Samrakshan program in this manuscript.

Material and Methods

Themethodology of the Samrakshan program is described in
a previous publication.19 Briefly, Samrakshan aimed at the
upgradation of technical skills with a focus on the diagnostic,
interpretative, prognostic, and therapeutic efficacy integrat-
ing fetal Doppler with antenatal studies, online and offline
learning platforms for continuous medical education (CME),
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Abstract Aim The aim of the study is to determine improvements in perinatal
mortality at the end of the first 2 years from the initiation of the
Samrakshan program of the Indian Radiological and Imaging Association.
Methods Samrakshan is a screening program of pregnant women that
uses trimester-specific risk assessment protocols including maternal de-
mographics, mean arterial pressure, and fetal Doppler studies to classify
women as high risk or low risk for preterm preeclampsia (PE) and fetal
growth restriction (FGR). Low dose aspirin 150mg daily once at bedtime
was started for pregnant women identified as high risk in the 11–136/7

weeks screening. The third-trimester screening focused on the staging of
FGR and protocol-based management for childbirth and risk assessment
for PE. Outcomes of childbirth including gestational age at delivery,
development of PE, and perinatal mortality outcomes were collected.
Results Radiologists from 38 districts of 16 states of India participated in
the Samrakshan program that screened 2,816 first trimester, 3,267 second
trimester, and 3,272 third trimester pregnant women, respectively. At
2 years, preterm PE was identified in 2.76%, preterm births in 19.28%,
abnormal Doppler study in 25.76% of third trimester pregnancies, and
75.32% of stage 1 FGR delivered at term. The neonatal mortality rate was
9.86/1,000 live births, perinatal mortality rate was 18.97/1,000 child-
births, and maternal mortality was 58/100,000 live births compared with
29.5, 36, and 113, respectively in 2016.
Conclusion Fetal Doppler integrated antenatal ultrasound studies in
Samrakshan led to a significant reduction in preterm PE rates, preterm
birth rates, and a significant improvement inmean birth weights. Perinatal,
neonatal, and maternal mortality rates are significantly better than the
targets for 2030 set by the Sustainable Development Goals-3.
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improved synergy with other stakeholders involved with
fetal and maternal care and building an evidence pool based
on data analysis of the program. Samrakshan aimed to focus
on two priority areas in the first couple of years-preterm PE
and FGR.

The Samrakshan CMEs were organized by the state IRIA
associations with larger states conducting several regional
CMEs within the state to encourage wider participation. The
offline CMEs included didactic lectures, workshops, and
demonstrations, and case presentations and panel discus-
sions on perinatal status in India, trimester-specific fetal
Doppler studies, the use of risk assessment algorithms
available online, and the collection and submission of data
through online forms. The CMEs were supported by the
creation of state-specific WhatsApp groups to facilitate
long term follow-up and mentoring of participants. The
dedicated WhatsApp groups provided a platform for partic-
ipants to access instructors easily and clarify their doubts
and encouraged peer to peer learning through sharing of
interesting cases, dilemmas and learning and practice tips,
audits of images and fetal radiology research. The offline
CMEs were shifted to an online mode due to the lockdown
and public health measures that resulted from the COVID-19
pandemic. The CMEs were subsequently conducted through
dedicated fetal radiology webinars that catered to a larger
pan India pool of Radiologists.

The skill upgradation focused on two important aspects.
The measurement of mean arterial blood pressures20 and
fetal Doppler studies21,22 using standardized methodologies
was a primary focus. The trimester-specific fetal Doppler
studies of interest included the mean uterine artery pulsa-
tility index (PI), umbilical artery PI, the middle cerebral
artery (MCA) PI and the cerebroplacental ratio (CPR), and
ductus venosus and absent/reversed end-diastolic velocity
flow studies. The second priority was to encourage the use of
a multiparametric risk algorithm based on a Bayesian model
that helped to stratify pregnant women as high or low risk for
preterm PE and FGR.23

Clinical and demographic details were collected from all
pregnant women screened using the Samrakshan protocol.
Each woman was assigned a unique identification number
that was used for all subsequent visits. Theheight andweight
of the woman were recorded, maternal age and ethnicity,
type of conception, history of smoking, any maternal history
of PE or PE in a previous pregnancy, parity and interpreg-
nancy intervals were collected. The number of fetuses was
documented. Information regarding the last menstrual peri-
od (LMP) was obtained and accurate dating was performed
based on the LMPand ultrasoundparameters. The datingwas
not changed subsequently. In the first trimester (11–136/7

weeks), the blood pressure of the pregnant woman was
measured simultaneously in both upper arms with the
woman seated upright with feet flat on the floor in a quiet
environment. The fetal crown-rump length (CRL) was mea-
sured with a range of 45 to 84mm between 11 and 14 weeks
of pregnancy considered acceptable. Themeanuterine artery
PI was estimated, and the information was input into the
online calculator of the Fetal Medicine Foundation to esti-

mate an individualized risk for the pregnant woman. We
used a criterion of 1 in 150 to categorize pregnant women as
high or low risk for the development of preterm PE and FGR.
Any pregnant woman determined at high risk for preterm PE
or FGRwas recommended the use of lowdose aspirin 150mg
once daily at bedtime till 36 weeks, development of preterm
PE or childbirth, whichever was earlier.24 The findings of the
Doppler studies, risk assessment, and recommendations
were shared with the managing physician. The detailed
protocol of Samrakshan for the assessment of PE in India
has been published earlier.25 The screening protocol was
repeated in the second trimester besides a targeted study for
fetal abnormalities. In the third trimester, each pregnant
woman had fetal Doppler studies focused on the mean
uterine artery PI, the umbilical artery PI, and the MCA PI.
The CPRwas ascertained from the umbilical artery PI and the
MCA PI. A mean uterine artery PI >95th percentile, umbilical
artery PI>95th percentile,MCA<5th percentile, and CPR<5th

percentilewas considered abnormal. Estimated fetalweights
were determined and fetal biometry parameters were
charted for all women. Fetal growthwas staged andmanaged
using a composite model involving fetal weight and Doppler
indices.26 A fetus was considered as small for gestational age
(SGA) if the EFW was third to 10th percentile with normal
Doppler indices. The details of the third-trimester examina-
tion processes of Samrakshan have been published earlier.27

The Samrakshan protocol was integrated with routine tri-
mester-specific antenatal studies including studies for nu-
chal translucency, targeted imaging for fetal abnormalities,
and fetal structural studies.

The processing of data and images in Samrakshan adhered
to the tenets of the Declaration of Helsinki, anonymized data
from each pregnant woman screened in Samrakshan was
uploaded by individual radiologists onto trimester-specific
online Google Forms and stored in a password protected
centralized database. A childbirth outcomes form was used
to collect information on childbirth with a focus on still-
births, neonatal mortality, development of preterm PE in the
mother, gestational age at delivery and birth weight. The
childbirth outcomes were uploaded online to a specific
Google Form and stored in a database. The datawas exported
from the database to statistical software (STATAversion 14.0,
College Station, Texas, United States) for further analysis. The
data was cleaned to identify and remove any duplicate
entries. An analysis of the Samrakshan data up to
July 2020was used to determine baseline indices to compare
subsequent progress. The major indices of interest included
the proportion of women in the first trimester identified as
high risk, abnormal fetal Doppler studies in the third trimes-
ter, the stage-based proportion of FGR in the third trimester,
the proportion of SGA babies in the third trimester, preterm
births, preterm PE, birthweights, stillbirths, neonatal and
maternal mortality. Categorical data were expressed as
proportions and continuous data were expressed as mean�
SD, 95% confidence intervals (CI) were estimated around
relevant point estimates. Neonatal mortality is expressed as
the number of neonatal deaths per 1,000 livebirths, perinatal
mortality as number of stillbirths and early neonatal deaths
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per 1,000 childbirths, and maternal mortality as the number
of maternal deaths per 100,000 live births.

Results

Samrakshan was launched in June 2019 and training pro-
grams initiated from August 2019. Radiologists from 38
districts of 16 states of India participated in the
program. ►Table 1 presents the details of educational pro-
grams conducted by Samrakshan.

►Table 2 presents the clinical and demographic details of
the 2,816womenwith first-trimester pregnancywhichwere
screened through Samrakshan till August 2021. The first
trimester screening program identified 923 (32.78%, 95%
CI: 31.07, 34.53) and 1,232 (43.75%, 95% CI: 41.93, 45.59)
first trimester pregnant women at high risk for preterm PE
and FGR, respectively. Six hundred and sixty-five (23.62%,
95% CI: 22.08, 25.22) first-trimester pregnant women were
identified as high risk for both preterm PE and FGR. The
proportion of pregnant women at high risk for preterm PE
was 23.05% (95% CI: 21.53, 24.64) using a 1 in 100 criteria and

11.29% (95% CI: 10.18, 12.51) using a 1 in 50 criteria. All
pregnant women identified as high risk in the first-trimester
screening were recommended low dose aspirin 150mg once
daily at bedtime as per the protocol. The mean� SD of the
mean arterial blood pressure was 83.94�9.68mm of Hg
(median: 83.33, interquartile range 60–123).

Three thousand two hundred and sixty-seven women
were screened in the second trimester of pregnancy. Nine-
ty-seven (2.97%) women had developed PE and 82 (2.51%)
fetuses were identified as early FGR at the time of screening.
An additional 182 (5.57%) of pregnant women were identi-
fied as high risk for preterm PE. Structural abnormalities
were identified in 106 (4.65%) fetuses in the second-trimes-
ter screening. Three thousand two hundred and seventy-two
pregnant women were screened in the third trimester of
pregnancy (►Table 3). Preterm PE developed in 20.51% of the
high-riskwomenwhohad received lowdose aspirin and only
1.20% of the pregnant womenwere classified as low risk. The
mean estimated fetal weight was 2,214.83�580.09 g (medi-
an 2,240, interquartile range 1,820 to 2,610 g). An abnormal
Doppler study was found in 371 (20.98%, 95% CI: 19.15,
22.94) of 1,768 fetuses with an EFW 10th to 50th percentile
and 172 (20.36%, 95% CI: 17.78, 23.20) of fetuses with an
EFW>50th percentile. The presence of preterm PE was
significantly associated with mean uterine artery PI >95th

percentile (p <0.001), umbilical artery PI >95th percentile
(p¼0.002), MCA PI <5th percentile (p <0.001) and CPR <5th

percentile (p<0.001). Childbirth outcomeswere available for
1,740 of the 3,272 women screened in the third trimester
(►Table 4) at the time of analysis. ►Table 5 compares the
baseline data derived from the Samrakshan database till
July 2020 with the Samrakshan data till August 2021. Signif-
icant improvements were found in the preeclampsia rates,
the proportion of stage 1 and stage 3 FGR, the proportion of
stage 1 FGR delivered at term, preterm birth rates, mean
birth weights, and perinatal and neonatal mortality rates.

Discussion

The NFHS-41 reported that the perinatal and neonatal mor-
tality of Indiawas 36 per 1,000 childbirths and 29.5 per 1,000

Table 1 Educational programs as part of the Samrakshan Program

States/Union Territory covered through state specific CMEs Chandigarh, Chhattisgarh, Gujarat, Haryana, Kerala, Madhya
Pradesh, Maharashtra, Odisha, Puducherry, Punjab,
Rajasthan, Tamil Nadu, Uttar Pradesh

Number of Fetal Radiology Webinars conducted 30 (700–900 participants in each webinar)

Outreach programs Guna, Harda, Sagar—Madhya Pradesh
Kollam, Calicut—Kerala
Jalna—Maharashtra

Multilingual Health Education articles 24 (English, Hindi, Malayalam, Tamil, Kannada, Telugu,
Marathi, Gujarati, Odia)

Educational Videos 11

Original Research Articles 11

Protocols, Editorials, and Interviews 6

Table 2 Clinical and demographic details of the 2,816 first
trimester pregnant women screened through Samrakshan

Characteristic N (%)

Nulliparous 1,632 (57.95%)

Spontaneous conception 2,716 (96.45%)

Mean age� SD 27.45� 4.74

Maternal Age >35 y 231 (8.20%)

Body mass index <18.5 kg/m2 204 (7.24%)

Body mass index 25–29.9 kg/m2 788 (27.99%)

Body mass index �30 kg/m2 328 (11.65%)

Chronic hypertension 30 (1.07%)

Diabetes mellitus 17 (0.60%)

Pregnant woman mother had
preeclampsia

26 (0.92%)

Preeclampsia in previous childbirth 111 (9.38%)
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live births, respectively, and stillbirths were 0.7%. Analysis of
data from Samrakshan showed a significant reduction in
perinatal (18.97 per 1,000 childbirths) andneonatal (9.86 per
1,000 live births) mortality rates comparedwith the national
rates. The stillbirth rates from Samrakshan (0.92%) were
similar to the national rates reported from NFHS-4.1 The
maternal mortality rate in Samrakshan was 58 per 100,000
live births compared with a national rate of 130 per 100,000
live births. The rates of maternal and neonatal mortality in
Samrakshan are much lower than the goals set by the
sustainable development goals-3 (SDG-3) that aimed for
fewer than 70 maternal deaths per 100,000 childbirths and
as low as 12 per 1,000 live births for neonatal mortality by
2030. However, participation, data collection, and submis-
sion are voluntary in Samrakshan and hence the sample is
not representative of the general population of pregnant

women in India. We decided to additionally measure
changes against baseline benchmarks estimated from the
1st year of Samrakshan as an internal validation to address
the lack of representation. Samrakshan showed a marked
reduction in perinatal and neonatal mortality compared
with the baseline estimates.

The key elements of the first-trimester screening protocol
are the identification of pregnant women at risk for preterm
PE and FGR and the initiation of low-dose aspirin between
11–136/7 weeks as a preventive measure. The Fetal Medicine
Foundation (FMF) algorithm used for the prediction of
preterm PE and FGR is better than the American College of
Obstetricians and Gynecologists (ACOG) and the National
Institute for Health and Care Excellence (NICHE) guide-
lines.28 The FMF recommends a 1 in 100 criteria to classify
risk for preterm PE and FGR and also recommends a risk of 1
in 150 for gestational ages <34 weeks and 1 in 100 for
gestational ages <37 weeks to initiate low-dose aspirin.29

The criteria for risk classification must consider the back-
ground risk in the local population and the purpose of the
screening program. A study from the Netherlands reported
that the optimal cut-off in their study population for pre-
eclampsia <34, <37, and <42 gestational weeks were 1:250,
1:64, and 1:22, respectively.29Amulticentric study fromAsia
has reported significant differences in the mean arterial
blood pressure, mean uterine artery PI, and biochemical
marker Multiple of Medians (MoMs) between the Asian
populations and the FMF algorithm based on European
populations.30 A recent study from Brazil reported that the
risk factors for the Brazilian population differed from those
that that were incorporated in the FMF model and empha-
sized the need to derive a fitted model relevant to the
Brazilian population.31

We chose a 1 in 150 criteria to classify risk based on (a) the
higher background prevalence of PE and FGR in India, (b) the

Table 3 Clinical details of the 3,272 third trimester pregnant
women screened in Samrakshan

Characteristic N (%)

Pregnant woman
developed
preeclampsia

108 (3.30%, 95% CI: 2.74, 3.97)

Preterm
preeclampsia

97 (89.81%) of 108

Abnormal Doppler
study

843 (25.76%, 95% CI: 24.29, 27.29)

Mean uterine artery
PI >95th percentile

421 (12.87%, 95% CI: 11.76, 14.06)

Umbilical artery PI
>95th percentile

198 (6.05%, 95% CI: 5.28, 6.92)

Middle cerebral
artery PI <5th

percentile

305 (9.32%, 95% CI: 8.37, 10.37)

Cerebro-placental
ratio <5th percentile

443 (13.54%, 95% CI: 12.41, 14.75)

No FGR 2,616 (71.95%, 95% CI: 78.54, 81.29)

Stage 1 FGR 362 (11.06%, 95% CI: 10.03, 12.18)

Stage 2 FGR 5 (0.15%, 95% CI: 0.06, 0.36)

Stage 3 FGR 14 (0.43%, 95% CI: 0.26, 0.72)

Stage 4 FGR 5 (0.15%, 95% CI: 0.06, 0.36)

Small for gestational
age

270 (8.25%, 95% CI: 7.36, 9.24)

Estimated fetal
weight (EFW)< 3rd

percentile

225 (6.88%, 95% CI: 6.06, 7.80)

EFW 3rd to 10th

percentile
434 (13.26%, 95% CI: 12.14, 14.47)

EFW 10th to 50th

percentile
1,768 (54.03%, 95% CI: 52.32, 55.75)

EFW >50th

percentile
845 (25.83%, 95% CI: 24.35, 27.35)

Abbreviations: CI, confidence interval; EFW, estimated fetal weight;
FGR, fetal growth restriction.

Table 4 Childbirth outcomes of 1,740 pregnant women
screened in the 3rd trimester of Samrakshan

Characteristic N (%)

Gestational age at
delivery <34 wk

43, 2.48% (95% CI: 1.84, 3.31)

Gestational age at
delivery 34 to <37 wk

292, 16.78% (95% CI: 15.1, 18.61)

Overall preterm births
(<37 wk)

335, 19.28% (95% CI: 17.47, 21.17)

Mother developed
preeclampsia

62, 3.56% (95% CI: 2.79, 4.54)

Preeclampsia <37 wk 48 (77.41%) of 62

Birthweight <2,500 g 357, 20.51% (95% CI: 18.69, 22.48)

Stillborn 16 (0.92%)

Neonatal deaths 17 (0.99%)

Neonatal mortality rate 9.86 per 1,000 live births

Perinatal mortality rate 18.97 per 1,000 childbirths

Maternal mortality rate 58.00 per 100,000 live births
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lower uptake of antenatal services in India (51.6% had four or
more antenatal care visits and only 21%utilized full antenatal
care), (c) a large number of dropouts from the health care
system or loss to follow-up32 and a balance between the
minimal consequences of low dose aspirin dosage compared
with the more severe consequences of PE and FGR in preg-
nancy. The 1 in 150 risk cut-off identifies more pregnant
women at risk for the development of PE and FGR compared
with a 1 in 100 risk cut-off but covers the large incidence of
FGR in India. This cut-off allows the possibility to initiate low
dose aspirin in the first-trimester for a larger proportion of
pregnantwomenwho enter thematernal health care system.

The preventive strategy is based on the administration of
low-dose aspirin between 11–136/7 weeks and at a dose of
150mg once daily at bedtime. The 150mg dose is superior to
lower doses for the prevention of preterm PE globally and in
India.33–35 The ASPRE trial reported a significant reduction in
the incidence of preterm PE with low-dose aspirin.33,36 We
found that the early identification of risk and administration
of low-dose aspirin resulted in the development of preterm
PE in only 20.51% of the women classified as high risk. The
screening model did not miss a significant proportion of
women at high risk for PE because only 1.20% of the pregnant
women classified as low risk and did not receive low-dose
aspirin developed preterm PE. The significant reduction in
the incidence of preterm preeclampsia, the reduction in the
proportion of babies classified as FGR and improvement in
mean birthweight from baseline also indicate the effective-
ness of the first-trimester screening model.

The Samrakshan screening model focuses primarily on
protocol-based management of FGR in the third trimester,
besides the focus on PE. The integration of fetal Doppler
studies was expected to lead to a reclassification of stage 1
FGR and SGAbabies. This reclassification is expected to result
in a lower incidence of stage 1 FGR and a higher incidence of
SGA babies. Additionally, the integration of fetal Doppler
studies was expected to provide more objective measures
that could help decision making around the timing of child-
birth and lead to a possible reduction in preterm birth rates.

An increase in the mean birth weights was an anticipated
outcome of the shift of childbirths from preterm to term. We
found a significant change in the categorization of stage 1
FGR, and SGA compared with the baseline data. The integra-
tion of fetal Doppler studies reduced the proportion of
fetuses classified as stage 1 FGR and led to an increase in
the proportion of fetuses classified as SGA. We also found a
significant increase in the proportion of stage 1 FGR babies
that were delivered at term and an increase in themean birth
weight, which can impact the low-birthweight rates posi-
tively. The integration of fetal Dopplers is expected to
positively impact the perinatal mortality rates due to im-
proved risk stratification and monitoring. The perinatal,
neonatal, and maternal mortality rates of Samrakshan
showed significant improvement compared with the base-
line and were consistent with the direction of results that
were expected before the program implementation.

FetalDoppler studies in the third trimester are important in
populations with high rates of perinatal mortality, perinatal
asphyxia, and low birth weights like India. An abnormal
Doppler study was found in 25.76% of pregnant women
screened in the third trimester. Umbilical artery Doppler
studies primarily identify the severe placental disease and
maynot identify themildplacentaldiseasewhichconstitutes a
proportion of early-onset cases and virtually all instances of
late-onset FGR.37 Increased impedance in the umbilical arter-
ies is seen onlywhen at least 60% of the placental vascular bed
is obliterated.38 This may explain the relatively low incidence
of abnormal umbilical arteryDoppler PI in this studyas 93.78%
of the identified FGRwere classifiedas Stage1 FGR. Themiddle
cerebral artery provides information about brain vasodilation
and is considered as a surrogate for fetal hypoxia. Abnormal
MCADoppler studies are useful to identify andpredict adverse
outcomes among late-onset FGR independent of the umbilical
artery Doppler status.39,40 The CPR is a diagnostic index and is
thebest test topickuptheeffectsof fetaladaptation.26All cases
with abnormal CPR may not progress to baseline hypoxia but
rapid fetal deterioration may occur once baseline hypoxia is
established as placental reserves are minimal.26 This leads to

Table 5 Comparison of the July 2020 Samrakshan data with the August 2021 data

Characteristics Data up to July 31, 2020 Data up to August 1, 2021 p-Value

Stage 1 FGR 27.27% 11.06% <0.0001

Stage 2 FGR 0.38% 0.15% 0.41

Stage 3 FGR 5.30% 0.43% <0.0001

Stage 4 FGR 0.76% 0.15% 0.05

Small for gestational age 4.92% 8.25% 0.06

Stage 1 FGR delivered at term 56.94% 75.32% <0.001

Preterm births 29.54% 19.28% 0.0001

Mean birthweight� SD (g) 2636.99� 568.95 2747.89�515.39 0.001

Maternal preterm PE 9.85% 2.76% <0.0001

Neonatal mortality rate 15.32 9.86 0.007

Perinatal mortality rate 26.52 18.97 0.004

Abbreviations: EFW, estimated fetal weight; FGR, fetal growth restriction.
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an increased riskof intrauterine fetal death after 37weeks due
to a combination of higher susceptibility to hypoxia of the
term-mature fetus and the presence of uterine contractions at
term.26 An abnormal CPR is considered a better indicator than
an abnormal UA or MCA and independent of fetal size for
emergency caesarean section.41 An abnormal CPR (13.54%)
was themost common fetal Doppler abnormality in this series.
Previous studies have reported that CPR is a useful diagnostic
index even in AGA and LGA babies and that changes in
umbilical Doppler based on fetal size suggest the need to
adjust the Doppler reference ranges according to the fetal
weight percentile.42,43 Prior et al, have previously reported
that 11% of AGA fetuses had abnormal CPR.41 Nearly one-fifth
of fetuses at the higher percentiles of EFW (>50th percentile)
in this series had an abnormal Doppler study suggesting the
need for routine assessment of fetal Doppler irrespective of
fetal size.

There is scope for improvement in Samrakshan. The
representativeness of Samrakshan data can be improved by
involving fetal radiologists frommore diverse areas. Samrak-
shan is initiating the use of software that will automatically
collate anonymized data from themachine and store the data
in the cloud. This will help reduce the need to enter and
uploadmultiple forms as the data entered during the assess-
ments will be collated into a cloud-based database. The
automation and a larger pool of data will allow for the
development of population-based biometry and fetal Dopp-
ler indices that are relevant to the Indian population. The
lockdown imposed due to the COVID pandemic affected
patient flow and examination for a large period. The COVID
pandemic also affected the possibility of in-person CMEs
which was a good platform for hands-on demonstrations of
concepts. The shift to awebinar mode allowed for access and
reach to a larger pool of radiologists but reduced the possi-
bility of personal interactions to clarify concepts. We recog-
nize the need for greater interactions with the
neonatologists and obstetricians so that childbirth recom-
mendations are team-based decisions with the fetal radiolo-
gist as an integral part of the team. Samrakshan encouraged
greater synergy with stakeholders at the local level and
several outreach programs were organized where neonatol-
ogists, obstetricians, geneticists, and other stakeholders dis-
cussed how to work synergistically to reduce perinatal
mortality in India. Much of the focus in fetal radiology in
India has been on the detection of structural abnormalities.
Samrakshan provides evidence of the larger magnitude of PE
and FGR compared with structural abnormalities and the
significant impact preventive strategies have on perinatal
mortality.We did not choose to include biochemical markers
in the screening model due to issues of availability, accessi-
bility, and affordability of these tests on a large scale. Fetal
Doppler studies are widely available and affordable, provide
rapid test results, and can be integrated with routine ante-
natal scans. There is a large readily available pool of trained
radiologists that can perform fetal Doppler studies.

Samrakshan has shown that a significant reduction in
perinatal mortality, neonatal mortality, preterm birth rates
and rates of preeclampsia and FGR is possible with a system-

atic integration of fetal Doppler studies with routine ante-
natal ultrasound studies. The reduction was significantly
lower than the targets of the SDG-3 for India for the
year 2030 and lower than the projected rates of early
neonatal mortality rate of 18 per 1,000 live births for 2020.
Improved fetal and maternal wellbeing have short-term
benefits and can impact the larger epidemic of non-commu-
nicable diseases prevalent in India in the long term.
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