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Abstract

Objectives: India has a high rate of stillbirths, and many
deaths are due to fetal growth restriction and potentially
preventable. Screening and identification of the small for
gestational age (SGA) fetus during the antenatal period has
been shown to reduce stillbirths. We set out to evaluate the
impact of implementing the Growth Assessment Protocol
(GAP), a programme designed for screening for SGA.
Methods: Observational study comparing two-time epochs;
before (years 2011–2014) and after (years 2015–2018) intro-
duction of GAP. The programme includes identification of
risk factors, risk categorization, serial fundal height mea-
surement, customised fetal growth charts and appropriate
referral protocols. Fetal growth charts andbirth centileswere
generatedbasedon thehospital databaseof normal outcome
pregnancies, customised to women’s ethnicity, parity,
height, and weight. The protocol was introduced following
training of obstetric and midwifery care providers. We
evaluated SGA detection rates, stillbirth rates (from
28 weeks) and neonatal morbidity at term.
Results: There were 26,199 and 31,498 births, with 115 and
108 stillbirths in the pre and post-GAP implementation
periods, respectively. SGA detection rates increased from
51.1 to 67.1%, representing a 31% improvement (p<0.001).
Overall stillbirth rates declined from 4.4 to 3.4 per 1000
births (RR 0.78 CI 95% 0.60–1.02) and at term from 1.5 to
0.6 (RR 0.37 CI 95% 0.20–0.66). Neonatal intensive care

admission and neonatal encephalopathy in term neonates
also decreased significantly.
Conclusions: Introduction of the GAP programme in an
Indian tertiary maternity service was associated with
improved antenatal detection of SGA and reduced stillbirth
rates and neonatal morbidity.

Keywords: customised charts; growth assessment protocol
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Introduction

Stillbirth is a tragic outcome of pregnancy, and India
has one of the highest rates and largest number of still-
births [1]. The global variation of stillbirth rates from4 to 50
per thousand highlights that there is much scope for
improvement [2, 3].

Stillbirths can be prevented through diagnosis of fetal
growth restriction and timely intervention [4]. Small for
gestational age (SGA) babies are at increased risk [5], and
antenatal detection has been shown to reduce stillbirth risk
[6]. Yet routine antenatal care has been shown to identify
only a minority of babies that were SGA at birth.

Improvement in SGA detection rate and reduction in
stillbirths requires a vigorous approach with screening,
surveillance and confirmatory tests. In routine antenatal
care, conventional symphysio-fundal height (SFH) assess-
ment is done with the use of hands, without a measuring
tape and no chart for plotting. Serial measurements of SFH
with a measuring tape and plotting on a chart enables a
clinician to suspect slow fetal growth and request an ultra-
sound for fetal growth assessment [7, 8].

The diagnosis of SGA was made with the use of pop-
ulation based charts not based on an Indian population. In
addition to ethnicity, maternal characteristics such as
height, early pregnancy weight and parity affect fetal
growth and birthweight standards and hence the definition
of SGA [9]. Small for gestational age (SGA) by customised
standard is more strongly associated with growth restric-
tion, placental pathology and adverse outcome [10, 11] and
a reduced false positive rate [12] when compared to
uncustomised, population based standards.
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A comprehensive program (Growth Assessment Pro-
tocol – GAP) including customised charts has been shown
to decrease stillbirth rates in the UK [4, 13, 14]. We wanted
to evaluate the impact of such a program on SGA detection
rate and stillbirth rate in our centre.

Materials and methods

Setting

The study was conducted at a privately run tertiary referral hospital
with approximately 10,000 deliveries annually. The participating
women came from a varied social background and included both
private and public patients. Expectant mothers were usually referred
from community clinics in early pregnancy, with investigations,
antenatal and intrapartumcare providedmostly bymedical staff in the
centre. Routine visits in uncomplicated pregnancies included
4 weekly visits in the first and second trimester, 2–3 weekly from
28 weeks and weekly from 36 weeks onwards. During each visit the
care for uncomplicated pregnancies was provided by a team of
midwife and obstetrician.

Study design and population

The evaluation included a prospective study cohort following imple-
mentation of GAP (2015–2019), and assessment against a pre-GAP
cohort (2011–14). All singleton pregnancies booked before 24 weeks
were included and all multifetal pregnancies, those with fetal anom-
alies, and referrals for emergency care were excluded.

Practice pre-GAP implementation

Usual practice included routine dating of pregnancy, early pregnancy
risk assessment and regular antenatal check-ups, including in low risk
women by regular assessment of fundal height at 2–3 week intervals
by manual palpation without tape, and no formal training. The ex-
amination was recorded as an estimation of whether the size was
appropriate for gestational age. In addition, all women had a single
routine scan to estimate fetal weight (EFW) at 34–36 weeks gestation.
Inwomen consideredhigh risk, ultrasoundbiometrywas performed at
usually 3–4 weekly intervals during the third trimester, with EFWs
plotted on standard Hadlock growth charts [15].

Implementation

The Growth Assessment Protocol (GAP) [16] was introduced in January
2015 starting with training, with embedment into routine practice
during 2015. GAP training was provided through online self-paced
training modules with certification based on an inbuilt evaluation
protocol. Subsequently GAP was introduced in a practice session to
the entire team of obstetric care providers (60 doctors and 30 mid-
wives) with follow up sessions to respond to any queries. Education
included general knowledge of evidence-based risk assessment for
SGA and stillbirth and protocols for SGA detection and management

according to RCOG [5] and GAP guidelines [17]. Training included
standardised measurement of SFH [8], generation and use of cus-
tomised charts, plotting exercises, and referral pathways for
ultrasound scan assessment.

Customised charts

GROW (gestation related optimalweight) chart software [18] wasmade
available by the Perinatal Institute, UK (www.perinatal.org.uk) as part
of the GAP program [16]. It included normal pregnancy coefficients
derived from our own local, routinely collected dataset of 7372 preg-
nancies, using previously described methods [19]. The GROW appli-
cation produced a printed chart (Figure 1), customised for maternal
characteristics including her height, weight in early pregnancy, parity
and ethnic origin. The software also provided mandatory postnatal
audit functions to record whether SGA was suspected and detected
antenatally, before calculating the birthweight centile following
delivery.

Post-GAP practice

Following early pregnancy risk assessment, GROW charts were
generated before 24 weeks of gestation for all singleton pregnancies,
adjusted for ethnicity, maternal height, early pregnancy weight, and
parity. All mothers in the study were of Indian ethnic origin. For the
low risk population, defined according to SGA risk assessment criteria,
serial measurement and plotting of SFH was undertaken at 2 weekly
visits from 24–26 weeks of pregnancy [8]. Referral for ultrasound
assessment of EFW was done if there was static or slow growth based
on SFH measurements, with subsequent investigations and manage-
ment according to RCOG guidelines [5]. The routine third trimester
scan was continued for all pregnancies as per departmental policy.
Women considered high risk for SGA had serial ultrasound EFW
measurements plotted on the GROW charts every three to four weeks
[17]. The audit function of the GROW software was utilised in regular
meetings to assess cases where SGA was missed antenatally, to
identify reasons and challenges and ways to overcome them.

Evaluation

We evaluated the effect of implementation by comparing SGA
detection rates and stillbirth rates during the respective periods in
the pre and post-GAP cohorts. SGA (<10th customised centile)
detection rate was calculated as a proportion of births with an SGA
birthweight that had at any stage in the antenatal period one ormore
ultrasound estimated fetal weights that were SGA. Stillbirth rates
were determined according to the WHO definition [20, 21] based on
gestational age (delivery of a fetus from 28.0 weeks of pregnancy
with no sign of life), without the need for the alternative 1000 g
weight limit criterion [2] as our pregnancies had a routine first or
second trimester dating scan.

Statistical analysis

Incidence of stillbirth was compared between two groups by calcu-
lating relative risk with 95% confidence interval (CI). Univariate and
multivariable logistic regression was performed to determine the
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predictors of stillbirth. Crude and Adjusted relative risk along with
95% CI were presented. Adjustment for the multivariable logistic
regression was informed by a directed acyclic graph (Figure S1) which
identified maternal age and body mass index (BMI) as confounders.
Other variables within the dataset such as birthweight and gestational
age were not adjusted for, to avoid the birthweight paradox or collider
bias from unobserved confounding [22, 23]. p-value <0.05 was
considered statistically significant for all tests. RStudio Version
1.2.1093 was used for statistical analysis [24].

Results

The total number of births from 24 weeks gestation during
pre and post-GAPwere 26,295with 115 stillbirths and 31,624
with 108 stillbirths, respectively. Table 1 lists the charac-
teristics of the two cohorts and shows them to be clinically

similar. Average gestational age at birth was 38 weeks in
both periods and average birth weight was 2.98 and 2.93 kg
respectively.

SGA detection

The overall incidence of SGA by customised centiles in our
populationwas 10.3%. Figure 2 shows (1) the SGAdetection
rate by quarter for the pre-GAP period (51.1%); (2) the one
year period (2015) of implementation, during which charts
started to be generated in early pregnancy and the new
method and protocol was embedded into practice (49.8%);
and (3) post implementation of GAP (67.1%). This repre-
sented a 31% increase in detection rates between pre- and
post-GAP implementation (p<0.001).

Figure 1: Customised GROW chart.
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Missed cases

Case reviews were undertaken on a monthly basis and
provided important feedback by identifying root causes for
SGA missed antenatally. The most common reason was
failure to identify risk factors and put such pregnancies on

an appropriate surveillance pathway with serial ultra-
sound for fetal growth. Introduction of a screening risk
assessment in the electronic medical records helped in risk
categorization and prompting for ultrasound assessment.
The other common reasons were failure to plot SFH, failure
to refer for ultrasound assessment of fetal growth, errors in
interpretation and inaccuracies in ultrasound EFW.

Stillbirth rates

Table 2 shows the stillbirth rates which decreased overall
from 4.4/1000 in the pre-GAP period to 3.4/1000 post-GAP
implementation, reaching borderline significance for the
whole cohort (RR 0.78, CI 0.60–1.02; 25% decrease).
Stratification by gestational age groups showed that
stillbirth rates at term reduced significantly following
GAP implementation (1.5/1000 to 0.6/1000, RR 0.37,
CI 0.20–0.66, 60% decrease) while they remained similar
during early and late preterm periods.

The logistic regression model found that the Inter-
vention (GAP) significantly decreased the risk of stillbirth
(RR=0.75, 95% CI 0.60–0.94). The multivariable model,
after adjusting for maternal BMI and age, found identical
results to the univariate analysis in that babies in the post-
GAP period had 25% less risk of stillbirths as compared to
babies in the pre-GAP period.

Neonatal outcomes

Table 3 lists the five neonatal outcome measures that were
compared between pre- and post-GAP periods in term

Table : Maternal and fetal characteristics of women in the pre- and
post-GAP epochs including all births from  weeks.

Pre-GAP
(–)

(n=)

Post-GAP
(–)

(n=)

Maternal age ≤ years , (.%) , (.%)
> years  (.%) , (.%)

Maternal height,
cm

Median
(IQR)

 (, )  (, )

Maternal weight,
kg

Median
(IQR)

. (., .) . (., .)

Maternal BMI <.  (.%)  (.%)
.–. , (.%) , (.%)
.–. , (.%) , (.%)
≥. , (.%) , (.%)

Parity  , (.%) , (.%)
 , (.%) , (.%)
 , (.%) , (.%)
+ , (.%) , (.%)

Gestational age at
birth, days

Median
(IQR)

 (, )  (, )

Preterm delivery
(< weeks)

.% .%

Average birth
weight, kg

(±SD) . ± . . ± .

GAP, growth assessment protocol; BMI, body mass index; IQR,
interquartile range; SD, standard deviation.

Figure 2: Quarterly antenatal SGA detection rates 2014–2018, for the three study periods.
Averages displayed as horizontal lines for each period: Pre-GAP: 51.1%; Embedding: 49.8%; Post implementation: 67.1%.
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babies (delivery ≥37 weeks). Following implementation of
GAP, admissions to neonatal intensive care reduced by
40% (RR=0.60, 95% CI 0.54–0.67), and 45% fewer babies
developed neonatal encephalopathy (RR=0.55, 95% CI
0.34–0.90).

Discussion

This is to our knowledge the first study in a low or middle
income country (LMIC) that evaluated the effect of a pro-
gramme aimed at stillbirth prevention through improved
antenatal detection of fetal growth restriction.Weobserved a

significant increase in antenatal detection of SGA, and an

associated reduction of stillbirths at term. These findings are

consistent with reports that improved antenatal detection of

SGA, as a marker for fetal growth restriction, is associated

with a significant reduction in stillbirths [4]. They further-

more show that the same principle can be implemented and

prove effective in our environment.

Application of the customised standard

The GROW standard customised to our population defined
10.3% of births as SGA. In contrast, applying the Hadlock

growth standard [15] to the same births designates a more
than three times higher number of cases (31.7%) as SGA,
which raises questions of the applicability of Hadlock in
our population. While we do not have data on induction
rates, it is likely that pregnancies designated SGA pre-GAP
may have been induced unnecessarily, as has been
observed in pregnancies of Indian mothers in a different
setting [25]. This may be a reason why the prematurity rate
did not increase, being 12.8% before and 12.3% after GAP
implementation (Table 1).

SGA detection rate

With these elements and the underlying protocol, training
and audit, GAP increased SGA detection rates from 51.1 to
67.1%. Such improvement is consistent with reports from
Australia [26, 27], New Zealand [28] and the UK [4]. The SGA
detection rates improved with GAP training, constant
monitoring and positive feedback, and retraining of staff in
SFH measurements, plotting and interpretation of charts.
SGA detection rates had not been monitored before GAP
and hence there was no focus on improvement, but with
implementation they became a new quality indicator of
antenatal care. The streamlining of risk categorizationmay
also have been a reason for improvement of SGA detection
rates.

Table : Gestational age specific (from  weeks) stillbirth rates during pre-GAP (n=,) and post-GAP (n=,) period.

Gestational
age (Weeks)

Pre-GAP Post-GAP RR (% CI) p-Value

No. of stillbirths/
total births

Rate per
 births

No. of stillbirths/
total births

Rate per
 births

 to  / . / . . (.–.) .
 to  /, . /, . . (.–.) .
≥ /, . /, . . (.–.) .
Overall /, . /, . . (.–.) .

GAP, growth assessment protocol; CI, confidence interval; RR, relative risk. Significant p-values in bold.

Table : Neonatal outcomes in term babies in the pre- and post-GAP period.

Outcomes Control period pre-GAP,
n (%) n=,

Study period post-GAP,
n (%) n=,

RR (%CI) p-Value

APGAR score < at  min  (.)  (.) . (.–.) .
Admission to NICU  (.)  (.) . (.–.) <.
Meconium aspiration  (.)  (.) . (.–.) .
Neonatal encephalopathy  (.)  (.) . (.–.) .
Neonatal death (/)  (.)  (.) . (.–.) .

NICU, Neonatal Intensive Care Unit; RR, relative risk; CI, confidence interval. Significant p-values in bold.

Ravula et al.: GAP and perinatal outcome 733



The GAP package

In addition to the customised charts being a more appro-
priate standard by which to assess fetal growth and birth-
weight, other elements of GAPmay have contributed to the
improved outcomes, such as training and general aware-
ness of potential avoidability of adverse outcome, more
rigorous early pregnancy risk assessment, standardised
fundal height measurement in low risk pregnancies with
referral pathways, and serial scanning in high risk
pregnancy.

Case assessment ofmissed cases helped to identify and
address problems. Importantly, such case reviews can only
be undertaken if there is a clear protocol against which to
perform the audit.

These various elements of audit and feedback,
together with comprehensive training took up to a year to
fully embed, as it concerned some fundamental changes in
practice. This was reflected in the delayed increase in SGA
detection following implementation (Figure 2).

Pregnancy outcome

While the decline in overall stillbirth rates reached only
borderline significance (RR 0.78, CI 0.60–1.02) (Table 2),
stillbirths at term reduced by almost two-thirds (RR 0.37, CI
0.20–0.66). These results are consistent with the focus of
the GAP program to screen for and detect late onset fetal
growth restriction, combined with guidelines to consider
delivery of the SGA baby at term [5].

The findings of fewer NICU admissions and neonatal
encephalopathymay also be linked to better SGA detection
rates, as it would have led to increased monitoring before
and during labour, or earlier delivery of fetuses identified
as at-risk.

Strengths and limitations

A strength of this study is that it represents a real world
implementation of GAP, as a longitudinal evaluation in
practice. Being a single centre, there were no variations of
service protocols during the study period other than that
intended by the intervention, i.e., the GAP programme.
Being a busy centre allowed sufficient data to be generated
to investigate the effect on relatively rare outcomes
including stillbirth and neonatal morbidity. A limitation of
our data is that information was not routinely collected
about referrals for investigations such as ultrasound scans.

An important consideration in longitudinal, observa-
tional studies is the potential influence of background
changes that may at least in part explain the observed re-
sults – here the reduction in term stillbirths. According to
UNICEF data [29], there has been a decrease in overall (28+
weeks) stillbirth rates in India during the period of our study,
from an average of 18.5/1000 for our pre-GAP years (2011–
2014) to 15.7/1000 for 2015–2018. Various factors are
considered to be important contributors to the high national
stillbirth rate and need to be addressed. The majority of
stillbirths occur in pregnancies in rural environments with
limited access to facilities, or being un-booked and receiving
little or no care antenatally [30, 31] or during labour [29].

In contrast, the average stillbirth rate in our institution
was already much lower pre-GAP (4.4/1000, Table 2). Ours
was an urban population with ready access to care facil-
ities, a low (3–4%) rate of un-booked pregnancies and few
(<5%) of stillbirths occurring during labour. The likely
improvements responsible for the national decline, such as
the push to improve access to facilities, would not have
affected our results. The reduction in our stillbirth rates to
3.4/1000 post implementation was due to a 63% reduction
in term stillbirths (Table 2), consistent with the increased
antenatal detection of at-risk SGA babies.

Conclusions

The GAP program including customised growth charts
proved a simple, inexpensive care bundle that has
increased identification of SGA and reduced term stillbirth
rates and adverse neonatal outcomes. This protocol has
scope to improve maternity services and perinatal out-
comes in a country like India where resources need to be
utilized in a most optimal manner.
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