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Background
Intrauterine growth restriction (IUGR) represents patho-
logical inhibition of fetal growth and failure of the fetus
to attain its growth potential [1]. There is a strong asso-
ciation between stillbirth and fetal growth restriction [2].
The etiology and risk factors for stillbirth and IUGR
largely overlap [3,4]. Both the conditions are the result of
complex pathology resulting from a recognizable interac-
tion among maternal conditions, placental dysfunction
and hormonal regulation [2,4]. For example, maternal
smoking, low educational level, advanced maternal age,
nulliparity, and black race are associated with increased
risk of fetal growth restriction and stillbirth [2,4,5]. The
same is the case for maternal medical conditions like
gestational hypertensive disorders, pre and gestational
diabetes, systemic lupus erythematosus, chronic renal
disease, and thyroid disorders [2,3,6]. Further evidence of
strong association between IUGR and stillbirth comes
from the fact that prior delivery of a growth restricted
infant is among the strongest risk factors for stillbirth,
comparable to the history of prior stillbirth [3].

IUGR has been used as a marker to assess complica-
tions of pregnancy [7]. There is however, no standard
definition of IUGR. It has been defined as a birth weight
< 2 standard deviations below the median for gestational
age, whereas others use a threshold of 3rd or 5th per-
centile of weight for age for the given population [7,8].
The term small for gestational age (SGA), usually
defined as having a birth weight below the 10th percen-
tile of an accepted reference standard, is often used as a
proxy measure for IUGR [8]. These two terms are how-
ever not synonymous as some SGA infants may merely
represent the lower tail of the ‘normal’ fetal growth dis-



inclusion in the review in which Doppler ultrasound of
fetal and umbilical vessels was performed. Studies
addressing utero-placental circulation were excluded
however where umbilical artery or fetal Doppler was
combined with utero-placental Doppler, the study has
been included in this review.

For the fetal movement monitoring, we included ran-
domized controlled trials, quasi-randomized and observa-
tional studies. The included studies either compared
different methods of fetal movement monitoring vs. no
fetal movement monitoring, mixed or undefined moni-
toring. Studies addressing effectiveness of fetal movement
counting in high risk pregnancies and/or unselected
populations were considered.
Data abstraction and validity assessment
All relevant data from final studies were abstracted on a
standardized Excel spreadsheet (Additional file 2). Key
variables extracted included study design, setting, alloca-
tion concealment, blinding, loss to follow-up, details of
the intervention and comparison groups and the out-
comes. The studies were assessed and graded according
to the CHERG adaptation of the GRADE technique [12].
This method of assessment is based on strengths and
limitations of individual studies. The studies are graded
as ‘high’ ‘moderate’ ‘low’ or ‘very low’ quality based on
study design, study quality, relevance to the objectives of
the review and consistency across studies [11]. A rando-
mized or cluster randomized trial initially received a high
score which was downgraded to moderate if study design
limitations or biases were present. In addition, studies
having intent-to-treat analysis or a statistically significant



Some of the methods used to predict and monitor
growth of the fetus include maternal BMI screening, sym-
physis-fundal height measurement and routine ultrasound
[15]. Maternal BMI screening had been proposed as an
effective method of predicting fetal growth by a group of
experts [16]. Two Cochrane reviews on routine ultrasono-
graphic evaluation in early (before 24 weeks of gestation)
and late pregnancy (after 24 weeks) showed no effect in
reducing overall peri-natal mortality [17,18]. Early preg-
nancy ultrasound (before 24 weeks) however was benefi-
cial in detecting multiple pregnancies and reducing rates
of induction of labor for post-term pregnancies [18].
Another Cochrane review on effectiveness of symphysis-
fundal height measurement was inconclusive as only one
trial was included and no recommendations in favor or
against of the intervention were made [19].

For detection of IUGR, our approach was based on
the results of a previous review conducted by us on dif-
ferent screening interventions during pregnancy [15].
On the basis of this review and other related evidence, a
set of three interventions was proposed [15,16]. These
interventions include (a) maternal BMI screening, (b)
symphysis-fundal height measurement and (c) targeted
ultrasound. The current evidence for these interventions
is described based on our previous review and a sum-
mary of results is presented below.

Maternal anthropometry can be used to help predict
adverse perinatal outcomes including low birth weight
and preterm birth [16,20]. Appropriate detection and
management of maternal malnutrition can significantly
reduce the occurrence of IUGR and related perinatal
adverse outcomes [21]. One of the nutritional interven-
tions that have a proven effect in reducing incidence of
SGA/IUGR is balanced protein energy supplementation



and abstracts, 84 were found to be appropriate and
finally 14 studies were chosen for final data extraction.
We evaluated studies on the basis of antepartum or
intrapartum stillbirth and perinatal mortality as out-
comes. Additional file 3 gives characteristics of included
studies of fetal movement monitoring. There were four
randomized controlled trials assessing fetal movement
counting [26-29]. Three of these trials were conducted
in developed countries [26,28,29] and one in a develop-
ing country [30]. Data were not pooled due to gross
clinical heterogeneity in the assessment of fetal move-
ment monitoring and the comparison group. Two of

these trials compared different fetal movement counting
methods, and measured the acceptability, the compli-
ance and other outcomes [29,30]. No intrauterine death
was reported in any of these two trials. In another trial
fetal movement counting (modified Cardiff method) was
compared with hormonal analysis. Only one stillbirth
was reported (in the fetal counting group). However the
fetal movement counting group had significantly fewer
visits to the hospital antenatally compared to the group
undergoing hormone analysis (RR 0.26, 95% CI 0.20 to





Pooled results from sixteen studies showed that Doppler
velocimetry of umbilical and fetal arteries in ‘high risk’
pregnancies leads to a reduction of 29 % [RR 0.71, 95 %
CI 0.52-0.98] in perinatal mortality compared to no Dop-
pler velocimetry (Figure 4). There was no heterogeneity
(I2 =0) in both the pooled estimates.

Recommendations for LiST model
Table 1 gives an overall qualitative assessment of studies
addressing fetal movement monitoring and Doppler veloci-
metry. Data were not pooled for fetal movement monitor-
ing due to gross clinical heterogeneity in the intervention
and control groups of the included studies. We have not
recommended fetal movement monitoring for inclusion in
the LiST model due to insufficient data in favor or against
the use of intervention (GRADE quality very low).

For Doppler velocimetry, there was a significant reduc-
tion of 29% in perinatal mortality and non-significant
reduction of 35% in stillbirths in high risk pregnancies.
The results across studies were consistent in both esti-
mates and there was no significant heterogeneity in the
pooled data (I2 =0). The overall grade quality for reduction
in perinatal mortality was that of ‘moderate’ level due to

inadequate methods of sequence generation and allocation
concealment in some of the included studies. Although
the direction of effect (i.e. towards reduction) was similar
for stillbirths, the overall grade quality of evidence for
reduction in stillbirths was that of ‘moderate’ level. Keep-
ing in mind the magnitude and direction of effect of these
estimates, we recommend reduction in perinatal mortality
[29 % (95 % CI 2% to 48%)] as a proxy for reduction in
stillbirths with conversion of its overall quality grade from
‘moderate’ to ‘low’ level. This was to follow the theme of
CHERG guidelines i.e. to select the most conservative esti-
mate from the available data. The effect size for perinatal
mortality (29%) was more conservative than that of still-
birth (35%). These recommendations can be interpreted as
“Surveillance of high risk pregnancies with Doppler veloci-
metry of umbilical and fetal arteries with appropriate
timely obstetric intervention leads to a reduction of 29 %
(95 % CI 2% to 48%) in stillbirths”.

Discussion
Detection and management of IUGR
Maternal BMI screening is one of the methods that have
been suggested to predict growth of fetus and related
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occurrence of low birth weight, and other perinatal
adverse outcomes [16,20,21,68-73]. A Cochrane review
on effectiveness of measurement of symphysis fundal



Doppler velocimetry is considered as one of the most
objective methods to assess fetal wellbeing in cases of
intrauterine growth restriction (IUGR) [13,15]. It pro-
vides information on fetal and placental cardiovascular
function on the basis of the blood flow dynamics mea-
sured in uterine, umbilical and fetal arteries [80].
A Cochrane review by Alfirevic et al. comprising of 16
studies and involving 10, 225 babies had shown that
fetal and umbilical artery Doppler ultrasound in high



[29 % (95 % CI 2% to 48 %)] as a proxy for reduction in
stillbirths in high risk pregnancies. It is important to
take into account that Doppler ultrasound is a screening
test and cannot influence clinically important outcomes
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