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A B S T R A C T

Background

Policies and protocols for fetal surveillance in the pregnancy where impaired fetal growth is suspected vary widely, with numerous
combinations of diFerent surveillance methods.

Objectives

To assess the eFects of antenatal fetal surveillance regimens on important perinatal and maternal outcomes.

Search methods

We searched the Cochrane Pregnancy and Childbirth Group's Trials Register (29 February 2012).

Selection criteria

Randomised and quasi-randomised trials comparing the eFects of described antenatal fetal surveillance regimens.

Data collection and analysis

Review authors R Grivell and L Wong independently assessed trial eligibility and quality and extracted data.

Main results

We included one trial of 167 women and their babies. This trial was a pilot study recruiting alongside another study, therefore, a separate
sample size was not calculated. The trial compared a twice-weekly surveillance regimen (biophysical profile, nonstress tests, umbilical
artery and middle cerebral artery Doppler and uterine artery Doppler) with the same regimen applied fortnightly (both groups had growth
assessed fortnightly). There were insuFicient data to assess this review's primary infant outcome of composite perinatal mortality and
serious morbidity (although there were no perinatal deaths) and no diFerence was seen in the primary maternal outcome of emergency
caesarean section for fetal distress (risk ratio (RR) 0.96; 95% confidence interval (CI) 0.35 to 2.63). In keeping with the more frequent
monitoring, mean gestational age at birth was four days less for the twice-weekly surveillance group compared with the fortnightly
surveillance group (mean diFerence (MD) -4.00; 95% CI -7.79 to -0.21). Women in the twice-weekly surveillance group were 25% more likely
to have induction of labour than those in the fortnightly surveillance group (RR 1.25; 95% CI 1.04 to 1.50).
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Authors' conclusions

There is limited evidence from randomised controlled trials to inform best practice for fetal surveillance regimens when caring for women
with pregnancies aFected by impaired fetal growth. More studies are needed to evaluate the eFects of currently used fetal surveillance
regimens in impaired fetal growth.

P L A I N   L A N G U A G E   S U M M A R Y

Testing in pregnancy when there is poor growth of the baby

A baby may not grow at the predicted rate during pregnancy and be born with a low birthweight. This can result in problems for both mother
and baby. When poor growth of the baby is suspected during pregnancy, antenatal care includes a combination of tests that are carried out
at regular intervals to assess the health of the developing baby. Based on knowledge of the progressive changes any deterioration in the
baby’s condition can be detected, which allows optimal timing of the birth so that the baby is in the best condition possible. The specified
frequency and combinations of tests varies with local and personal policies. Tests may include fetal movement monitoring, fetal heart rate,
growth scans, Doppler ultrasound to measure blood flow, and changes in fetal heart rate with movement to check for possible stillbirth.

The review authors identified only one controlled trial, from New Zealand. This trial randomised 167 women who were between 24 and 36
weeks' pregnant where ultrasound showed a small-for-gestational-age baby. They received a set combination of tests either twice-weekly
or fortnightly. With more frequent testing, women were 25% more likely to have induced labour. Overall their babies were born four days
earlier than in the fortnightly surveillance group where spontaneous onset of labour was more likely to occur. The mean gestational age
at birth was just under 38 weeks in the twice-weekly group and just over 38 weeks in the fortnightly group, which was unlikely to have an
impact on the health of the newborn. The number of caesarean sections, either for fetal distress or because of failure of induction, was no
diFerent. No information was available on length of antenatal hospital admission or operative vaginal births and infants were not followed
up to determine neurodevelopment and cerebral palsy. This study excluded pregnancies with abnormal Doppler studies and disorders of
the amniotic fluid. More studies are needed and the women’s views on the testing are also important.
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B A C K G R O U N D

Description of the condition

Impaired fetal growth is a disturbance of normal growth, resulting
in a baby that does not grow to its potential. Impaired growth may
be due to maternal complications (such as high blood pressure
or hypertension), fetal complications (including structural or
chromosomal problems) or problems with placental development
(which is the most common cause of impaired growth) (Baschat
2006). It can be diFicult to accurately diFerentiate between the
constitutionally small baby and one with impaired growth when
compared with its potential.

There are numerous definitions for growth of the baby in
pregnancy. An infant with low birthweight for gestation is classified
as very small-for-gestational age (SGA) (less than 3rd percentile)
or SGA (less than 10th percentile). SGA includes both those babies
that have not reached their growth potential (through growth
impairment) and also those babies that are constitutionally small.
A baby may be of normal birthweight but still significantly lighter
than its genetic growth potential (Baschat 2006).

When impaired fetal growth is suspected in pregnancy, ultrasound
may be ordered to assess growth with various standard
measurements. These include the abdominal circumference,
biparietal diameter, head circumference and femur (upper leg)
length, which can then be used to estimate the fetal weight.

Ultrasound allows these measurements to be plotted against
known population percentile lines on a growth curve to assess
severity and timing of growth restriction. Sequential ultrasounds
can also allow identification of the baby who begins pregnancy on
a certain percentile and then crosses the percentile lines because
of impaired growth.

Impaired growth is associated with increased risk of complications
for the baby, including perinatal death (Baschat 2001; Gardosi
1998), adverse neurological outcomes (such as cerebral palsy)
and poor long-term neurodevelopmental outcomes (Yanney 2004).
There may also be an association with adverse health events in
adult life (such as obesity, type 2 diabetes and high blood pressure).

Optimal management of growth restriction has three main aspects:
identification of the baby at risk in the general population
(pregnancy risk factors may be of assistance); confirmation of the
diagnosis of impaired fetal growth and distinction from the healthy
small baby; and ongoing care, culminating in decisions about mode
and timing of birth (Baschat 2005; Breeze 2007).

Description of the intervention

AOer a baby has been identified with impaired growth in-utero,
antenatal care providers may adopt a variety of methods to monitor
the well-being of the baby. The choice of monitoring technique
and the frequency of monitoring varies considerably, but may be
influenced by the severity of the growth impairment.

Antenatal surveillance aims to provide information about the
health of the baby while in the uterus. Decisions based on the
results of that surveillance may in turn reduce the risks to both the
baby and the mother associated with impaired growth.

There are a number of tests that may be used in clinical practice,
alone or in combination, to identify the baby at risk of growth
restriction. These include clinical estimation of the baby's size by
palpating the woman's abdomen, ultrasound assessment of baby's
growth, fetal movement counting, fetal heart rate assessment
(cardiotocography), ultrasound assessment of the baby's well-
being by biophysical profile testing, and assessment of the blood
flow through the placenta and various blood vessels in the baby
(called Doppler velocimetry). The use of some of these tests
alone are the subject of other Cochrane reviews (Alfirevic 2010;
Grivell 2010; Lalor 2008). The scope of this review is to examine
these surveillance methods when used together in diFerent
combinations or at diFerent intervals.

How the intervention might work

By increasing the frequency of monitoring a woman's baby
during pregnancy, or using diFerent methods of surveillance in
combination, it may be possible to identify the baby who would
benefit from earlier birth. This in turn, may be associated with
improved health outcomes for the baby.

Why it is important to do this review

Once a baby has been identified as having impaired growth, the
appropriate methods and frequency of surveillance is uncertain.
Currently, there is considerable variation, based on local hospital
policies, and individual practitioner preferences. This systematic
review assesses the benefits and harms associated with diFerent
combinations of surveillance methods.

O B J E C T I V E S

To assess the benefits and harms associated with diFerent methods
of antenatal surveillance for the baby identified with impaired
growth.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Published and unpublished randomised and quasi-randomised
trials evaluating the eFects of one or more described antenatal fetal
surveillance regimens. Studies which compare a particular regimen
with 'standard care' were only included if standard care involved
what this review has defined as a regimen. We did not include
studies that compared with no specific surveillance.

Types of participants

Women with pregnancies deemed by the investigators to be
aFected by impaired fetal growth or fetal growth restriction. (The
minimum requirement for this review is an estimated fetal weight
of less than 10th percentile or abdominal circumference less than
10th percentile, using local intrauterine growth charts.)

Types of interventions

Described antenatal fetal surveillance regimens. A regimen for the
purpose of the review was two or more surveillance methods. Each
surveillance method was performed at a specified interval. Possible
surveillance methods to be included: fetal movement monitoring,
cardiotocography, biophysical profile, Doppler ultrasound of the
umbilical artery and fetal venous and arterial circulation (ductus
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venosus or middle cerebral artery). For the purpose of the review,
we expected a study to randomise women to diFerent regimens of
surveillance (i.e. diFerent combinations of surveillance methods or
applying surveillance methods at diFerent intervals).

Types of outcome measures

Clinically relevant outcomes were prespecified through discussion
and agreement among the review authors.

Primary outcomes

Infant

• Perinatal mortality and serious neonatal morbidity, as defined
by the trial authors

Maternal

• Emergency caesarean section for fetal distress

Secondary outcomes

Infant

• Stillbirth

• Neonatal death

• Hypoxic ischaemic encephalopathy       

• Admission to neonatal special care or intensive care unit

• Gestational age at birth

• Low birthweight for gestation at birth (as defined by individual
trial)

• Birthweight

• Preterm birth

• Low Apgar scores at five minutes (as defined by trial)

• Cord blood acidosis

• Metabolic acidosis or lactic acidosis

• Respiratory distress syndrome

• Use of ventilatory support

• Use of inotropic support

• Necrotising enterocolitis

• Grade III or IV intraventricular haemorrhage

• Duration of neonatal hospital stay

• Longer-term neurodevelopmental outcomes

• Cerebral palsy

Maternal

• Antenatal hospital admission

• Induction of labour

• Caesarean section

• Operative vaginal delivery

• Womens views of care

Use of healthcare services

• For infant: length of stay in neonatal special care or intensive
care unit

• For mother: length of antenatal hospital admission

• Costs of monitoring

Search methods for identification of studies

Electronic searches

We searched the Cochrane Pregnancy and Childbirth Group’s Trials
Register by contacting the Trials Search Co-ordinator (29 February
2012).

The Cochrane Pregnancy and Childbirth Group’s Trials Register is
maintained by the Trials Search Co-ordinator and contains trials
identified from:

1. monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL);

2. weekly searches of MEDLINE;

3. weekly searches of EMBASE;

4. handsearches of 30 journals and the proceedings of major
conferences;

5. weekly current awareness alerts for a further 44 journals plus
monthly BioMed Central email alerts.

Details of the search strategies for CENTRAL, MEDLINE and EMBASE,
the list of handsearched journals and conference proceedings, and
the list of journals reviewed via the current awareness service can
be found in the ‘Specialized Register’ section within the editorial
information about the Cochrane Pregnancy and Childbirth Group.

Trials identified through the searching activities described above
are each assigned to a review topic (or topics). The Trials Search Co-
ordinator searches the register for each review using the topic list
rather than keywords. 

We did not apply any language restrictions.

Data collection and analysis

Selection of studies

Two review authors independently assessed for inclusion all the
potential studies we identified as a result of the search strategy. We
resolved any disagreement through discussion or, if required, we
consulted a third review author.

Data extraction and management

We designed a form to extract data. Two review authors (R Grivell
and L Wong) extracted the data independently using the agreed
form. We resolved discrepancies through discussion. We entered
data into the Review Manager soOware (RevMan 2011) and checked
for accuracy.

When information regarding any of the above was unclear, we
attempted to contact the authors of the original reports to provide
further details.

For the methods used when assessing methodological quality of
trials identified in the previous version of this review, see Appendix
1

For this update we used the following methods for assessing the
methodological quality of trials.

Assessment of methodological quality of included studies

Two review authors independently assessed risk of bias for the
one included study using the criteria outlined in the Cochrane
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Handbook for Systematic Reviews of Interventions (Higgins 2011).
We resolved any disagreement by discussion or by involving a third
assessor.

(1) Sequence generation (checking for possible selection bias)

We described for the included study the method used to generate
the allocation sequence in suFicient detail to allow an assessment
of whether it should produce comparable groups.

We assessed the method as:

• low risk of bias (any truly random process, e.g. random number
table; computer random number generator);

• high risk of bias (any non-random process, e.g. odd or even date
of birth; hospital or clinic record number);

• unclear risk of bias.

(2) Allocation concealment (checking for possible selection bias)

We described for the included study the method used to conceal
allocation to interventions prior to assignment and assessed
whether intervention allocation could have been foreseen in
advance of, or during recruitment, or changed aOer assignment.

We assessed the methods as:

• low risk of bias (e.g. telephone or central randomisation;
consecutively numbered sealed opaque envelopes);

• high risk of bias (open random allocation; unsealed or non-
opaque envelopes, alternation; date of birth);

• unclear risk of bias.

(3.1) Blinding of participants and personnel (checking for
possible performance bias)

We described for the included study the methods used, if any, to
blind study participants and personnel from knowledge of which
intervention a participant received. We considered that studies
would be judged to be at low risk of bias if they were blinded, or if we
judged that the lack of blinding would be unlikely to aFect results.
We planned to assess blinding separately for diFerent outcomes or
classes of outcomes.

We assessed the methods as:

• low, high or unclear risk of bias for participants;

• low, high or unclear risk of bias for personnel.

(3.2) Blinding of outcome assessment (checking for possible
detection bias)

We described for the included study the methods used, if any, to
blind outcome assessors from knowledge of which intervention a
participant received. We planned to assess blinding separately for
diFerent outcomes or classes of outcomes.

We assessed methods used to blind outcome assessment as:

• low, high or unclear risk of bias.

(4) Incomplete outcome data (checking for possible attrition
bias due to the amount, nature and handling of incomplete
outcome data)

We described for the included study, and for each outcome or
class of outcomes, the completeness of data including attrition
and exclusions from the analysis. We stated whether attrition and
exclusions were reported and the numbers included in the analysis
at each stage (compared with the total randomised participants),
reasons for attrition or exclusion where reported, and whether
missing data were balanced across groups or were related to
outcomes. Where suFicient information was reported, or could be
supplied by the trial authors, we planned to re-include missing data
in the analyses which we undertook.

We assessed methods as:

• low risk of bias (e.g. no missing outcome data; missing outcome
data balanced across groups);

• high risk of bias (e.g. numbers or reasons for missing
data imbalanced across groups; ‘as treated’ analysis done
with substantial departure of intervention received from that
assigned at randomisation);

• unclear risk of bias.

(5) Selective reporting bias

We described for the included study how we investigated the
possibility of selective outcome reporting bias and what we found.
We assessed the methods as:

• low risk of bias (where it is clear that all of the study’s pre-
specified outcomes and all expected outcomes of interest to the
review have been reported);

• high risk of bias (where not all the study’s pre-specified
outcomes have been reported; one or more reported primary
outcomes were not prespecified; outcomes of interest were
reported incompletely and so cannot be used; study fails to
include results of a key outcome that would have been expected
to have been reported);

• unclear risk of bias.

(6) Other sources of bias (checking for bias due to problems not
covered by (1) to (5) above)

We described for the included study any important concerns we
had about other possible sources of bias. We assessed whether the
study was free of other problems that could put it at risk of bias:

• low risk of other bias;

• high risk of other bias;

• unclear whether there is risk of other bias.

(7) Overall risk of bias

We made explicit judgements about whether the included study
was at high risk of bias, according to the criteria given in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011). With reference to (1) to (6) above, we assessed the likely
magnitude and direction of the bias and whether we considered it
likely to impact on the findings. We planned to explore the impact
of the level of bias through undertaking sensitivity analyses - see
'Sensitivity analysis'.
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For this update, no new trials were identified (29 February 2012).
The following methods were used for previous versions of this
review. In future updates, when new trials are identified, we will use
the methods outlined in Appendix 2.

Measures of treatment e=ect

We carried out statistical analysis using RevMan 2008 and a fixed-
eFect model. If we had included more than one trial, we planned
to use fixed-eFect meta-analysis for combining data in the absence
of significant heterogeneity if trials were suFiciently similar. If
heterogeneity was found, we planned to explore this by sensitivity
analysis followed by random-eFects if required.

Dichotomous data

For dichotomous data, we presented results as summary risk ratio
with 95% confidence intervals.

Continuous data

For continuous data, we used the mean diFerence. If more trials
had been included, we would have used mean diFerence if
outcomes were measured in the same way between trials and the
standardised mean diFerence to combine trials that measured the
same outcome, but used diFerent methods. If there was evidence
of skewness, this would have been reported.

Dealing with missing data

We analysed data on all participants with available data in the
group to which they were allocated, regardless of whether or not
they received the allocated intervention. If, in the original reports,
participants were not analysed in the group to which they were
randomised, and there was suFicient information in the trial report,
we attempted to restore them to the correct group.

Assessment of heterogeneity

We were unable to apply tests of heterogeneity between trials using
the I2 statistic because only one trial was included in the review.

Subgroup analyses

We planned to conduct subgroup analyses classifying whole trials
by interaction tests as described by Deeks 2001. We planned to
carry out the following subgroup analyses: diagnosis of impaired
fetal growth before or aOer 32 weeks, normal or abnormal umbilical
artery doppler at time of diagnosis. These analyses were not
possible on the information from this study.

Sensitivity analyses

We planned sensitivity analysis to explore the eFect of trial quality.
This would have involved analysis based on an a rating of selection
bias and attrition bias. We planned to exclude studies of poor

quality in the analysis in order to assess for any substantive
diFerence to the overall result. Sensitivity analysis was not possible
as there was only one trial included.

R E S U L T S

Description of studies

Results of the search

Three trials were identified and one trial met our inclusion criteria
(McCowan 2000) - see table of Characteristics of included studies.
Two trials were excluded - see table of Characteristics of excluded
studies.

Included studies

Participants

McCowan 2000 was a pilot study and recruitment occurred
concurrently with another randomised trial assessing the use of
low-dose aspirin treatment for small-for-gestational-age fetuses
with abnormal Doppler studies. The pilot trial (McCowan
2000) recruited pregnant women who were outpatients with a
singleton pregnancy between 24 and 36 weeks' gestation, with
ultrasonographic evidence of small-for-gestational-age fetuses
(i.e. abdominal circumference below 10th percentile), normal
results of umbilical artery Doppler velocimetry studies and no
oligohydramnios (low amniotic fluid volume). A total of 167 women
were randomly assigned, 85 to the twice-weekly surveillance group
and 82 to the fortnightly surveillance group.

Settings

The included study was conducted in Auckland, New Zealand at a
tertiary referral centre (acute hospital setting).

Interventions

Twice-weekly or fortnightly fetal surveillance involving biophysical
profile, nonstress tests, umbilical artery and middle cerebral artery
Doppler, growth scans and uterine artery Doppler.

Excluded studies

Two trials were excluded as they did not compare antenatal fetal
surveillance regimens (i.e. combination of methods of surveillance,
each at a specified frequency). Williams 2003 randomised women
to either nonstress testing or umbilical artery velocimetry, while
Sood 2007 looked at the addition of vibroacoustic stimulation to
biophysical profile testing.

See table of Characteristics of excluded studies.

Risk of bias in included studies

See Figure 1; Figure 2, for summary of 'Risk of bias' assessments.
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Figure 1.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

 
 

Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Formal randomisation was reported in McCowan 2000 which
used sequence generation via computer-generated numbers and
allocation concealment via telephone randomisation. It was not
feasible to blind the participant and care giver and it was not stated
whether the outcome assessors were blinded or not. No loss to
follow-up was documented.

Blinding

It was not feasible to blind participants and unclear if clinician or
outcome assessors were blinded.

Incomplete outcome data

No loss of follow-up was documented in this trial (McCowan 2000).

Selective reporting

All pre-specified outcomes were reported on in the results section
(McCowan 2000).

Other potential sources of bias

No other potential sources of bias were apparent. Baseline
characteristics were similar, apart from age, with women assigned
to the twice-weekly surveillance group being slightly younger
(McCowan 2000).

E=ects of interventions

Primary outcomes

Infant

• Perinatal mortality and serious neonatal morbidity, as defined
by the trial authors.

The authors state that there were no perinatal deaths in either
study group. McCowan 2000 did not assess composite perinatal
morbidity and mortality as a primary outcome but instead used
markers of neonatal morbidity. Perinatal mortality is mentioned in
the body of the text, this information has been used for this review's
outcome of perinatal mortality (Analysis 1.1).

Maternal

• Emergency caesarean section for fetal distress.

No statistically significant diFerence was seen for this primary
maternal outcome (risk ratio (RR) 0.96; 95% confidence interval (CI)
0.35 to 2.63; 167 women) (Analysis 1.22).

Secondary outcomes

Infant

Data were available for several of the secondary outcomes
that relate to infant health. In keeping with the more frequent
monitoring, mean gestational age at birth was four days less for
the twice-weekly surveillance group compared with the fortnightly
surveillance group, (mean diFerence (MD) - 4 days; 95% CI -7.79
to -0.21) (Analysis 1.7). No statistically significant diFerences were
seen for any of the other infant secondary outcomes where data
were available, for admission to neonatal special care unit or
intensive care unit (Analysis 1.6); low birthweight (Analysis 1.8);
mean birthweight (Analysis 1.9); and cord blood acidosis (Analysis
1.12).

No data were available for some of the serious neonatal morbidity
and mortality outcomes including preterm birth, low Apgar scores
at five minutes (as defined by trial), and other complications
of prematurity, such as respiratory morbidity, necrotising
enterocolitis and serious intraventricular haemorrhage. Only two
infants required mechanical ventilation (at 30 and 32 weeks), both
babies were in the twice-weekly group (Analysis 1.15). No follow-
up was performed. Consequently, no data are available on longer-
term neurodevelopmental outcomes and cerebral palsy.

Maternal

Women in the twice-weekly surveillance group were 25% more
likely to have labour induced than those in the fortnightly
surveillance group (RR 1.25; 95% CI 1.04 to 1.50) (Analysis 1.24).

No statistically significant diFerences were seen between the two
groups regarding caesarean section (Analysis 1.25). No data were
available on women's views of care, length of antenatal hospital
admission and operative vaginal birth.

Use of healthcare services

No statistically significant diFerence was seen for length of stay in
neonatal special care or intensive care unit. No data were available
for length of antenatal hospital admission or costs of monitoring.

Outcomes reported but not prespecified in the review

McCowan 2000 reported no statistically significant diFerence in
umbilical artery resistance index at delivery, Ponderal index,
hypoglycaemia, spontaneous onset of labour, pre-eclampsia and
gestational hypertension.

D I S C U S S I O N

This pilot, randomised trial of two regimens did not demonstrate
any diFerence in markers of neonatal morbidity or perinatal
mortality between the two study groups. A much larger study will
be required to detect a diFerence in perinatal mortality and serious
neonatal morbidity.

The women in the twice-weekly surveillance group were 25%
more likely to have induction of labour compared with those in
the fortnightly surveillance group where spontaneous onset of
labour was more likely to occur. Despite the earlier intervention,
there were no statistically significant benefits in infant or maternal
outcomes such as neonatal morbidity, the need for caesarean
section or the need for emergency caesarean section for fetal
distress.

Women in the twice-weekly surveillance group gave birth on
average four days earlier than women in the fortnightly surveillance
group. This diFerence of four days is unlikely to be clinically
significant in infants born at term and is unlikely to impact on
serious neonatal morbidity or mortality.

There is almost no evidence to date to indicate an optimal antenatal
surveillance method for infants identified with impaired growth.
Any future studies should include an assessment of women's views
of care and should be adequately powered to detect clinically
relevant diFerences in maternal and infant health outcomes.

This study only recruited a subset population of all pregnancies
with small-for-gestational-age fetus (that is, pregnancies with

Regimens of fetal surveillance for impaired fetal growth (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

8



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

normal Doppler velocimetric studies); it excluded pregnancies
with abnormal Doppler studies and oligohydramnios. OOen babies
who are identified as having impaired in-utero growth also have
abnormal Doppler studies or oligohydramnios, or both. There
is no evidence to inform the optimal surveillance regimen for
this group of women and their babies. Thus, further studies
could incorporate subgroup analysis of pregnancies with small-for-
gestational-age fetuses associated with abnormal Doppler studies
or oligohydramnios, or both.

One international group of authors has embarked on a randomised
trial of timing of delivery in early preterm fetal growth restriction
based on early and late fetal Doppler venous changes versus
cardiotocography. It is noted by the Trial of Umbilical and Fetal
Flow in Europe (TRUFFLE) group that current evidence regarding
assessment techniques is lacking and that there is a need for a
multicentre randomised controlled trial that will help to provide
reliable evidence (Lees 2005). It is hoped that the TRUFFLE study
will contribute at least in part to our knowledge surrounding the
complex question of what fetal surveillance methods to use, how

to use them and how the results should be interpreted and acted
upon.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is very little evidence from randomised controlled trials
to inform best practice for antenatal surveillance regimens when
caring for women whose pregnancy is aFected by impaired fetal
growth.

Implications for research

More studies are needed to evaluate the eFects of current fetal
surveillance regimens for impaired fetal growth.
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Methods Randomised controlled trial, pilot study recruiting alongside another larger trial.

Participants 167 women with singleton pregnancies 24 to 36 weeks; outpatients; previous normal anatomy scan; ul-
trasound showing abdominal circumference < 10th percentile, 2 measures of umbilical artery Doppler
resistive index < 95th centile, no oligohydramnios.

Interventions Twice-weekly versus fortnightly fetal surveillance. Surveillance methods include biophysical profile,
nonstress tests, umbilical artery and middle cerebral artery Doppler, growth scans and uterine artery
Doppler.

Outcomes Neonatal; gestational age at delivery, umbilical artery resistive index at delivery, abnormal umbilical
artery at delivery, female sex, birthweight, birthweight < 10th percentile, ponderal index, ponderal in-
dex < 10th percentile, admission to neonatal nursery, neonatal hospital stay, acidosis at birth, hypogly-
caemia.

Maternal: spontaneous onset of labour, induction of labour, caesarean delivery, caesarean delivery for
fetal distress, pre-eclampsia, gestational hypertension.

Notes Sample size calculated for main study, no prespecified single primary outcome for this pilot comple-
mentary study.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated numbers.

Allocation concealment
(selection bias)

Low risk Central telephone randomisation service.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Not feasible to blind participant and unclear if clinician or outcome assessors
were blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not feasible to blind participant and unclear if clinician or outcome assessors
were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No loss to follow up documented.

Selective reporting (re-
porting bias)

Low risk All outcomes described within the methods section have been reported on.

McCowan 2000 
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Other bias Low risk Baseline characteristics table presented - were similar apart from women as-
signed to the twice-weekly surveillance group were slightly younger (y, mean ±
SD) 24.3 ± 5.1 versus 26.4 ± 5.5.

McCowan 2000  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Sood 2007 Participants were high risk, not specifically growth restricted and did not compare 2 regimens.

Williams 2003 Participants were high risk, not specifically growth restricted and compared nonstress test (car-
diotocography) to umbilical artery doppler therefore this does not qualify as a regimen as per our
definition.

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Twice-weekly versus fortnightly surveillance

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Perinatal mortality 1 167 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Serious neonatal morbidity 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Stillbirth 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4 Neonatal death 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

5 Hypoxic ischaemic encephalopathy 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

6 Admission to neonatal special care
or intensive care unit

1 167 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.58, 1.39]

7 Gestational age at birth 1 167 Mean Difference (IV, Fixed, 95% CI) -4.0 [-7.79, -0.21]

8 Low birthweight for gestation at
birth

1 167 Risk Ratio (M-H, Fixed, 95% CI) 0.80 [0.63, 1.01]

9 Birthweight 1 167 Mean Difference (IV, Fixed, 95% CI) -53.0 [-184.40, 78.40]

10 Preterm birth 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

11 Low Apgar scores at 5 minutes 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

12 Cord blood acidosis 1 167 Risk Ratio (M-H, Fixed, 95% CI) 1.29 [0.30, 5.57]

13 Metabolic acidosis or lactic acidosis 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

14 Respiratory distress syndrome 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

15 Use of ventilatory support 1 167 Risk Ratio (M-H, Fixed, 95% CI) 4.83 [0.24, 99.02]

16 Use of inotropic support 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

17 Necrotising enterocolitis 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

18 Grade III or IV intraventricular
haemorrhage

0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

19 Duration of neonatal hospital stay 0 0 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

20 Long-term neurodevelopmental
outcomes

0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

21 Cerebral palsy 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

22 Emergency caesarean section for
fetal distress

1 167 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.35, 2.63]

23 Antenatal hospital admission 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

24 Induction of labour 1 167 Risk Ratio (M-H, Fixed, 95% CI) 1.25 [1.04, 1.50]

25 Caesarean section 1 167 Risk Ratio (M-H, Fixed, 95% CI) 1.14 [0.54, 2.40]

26 Operative vaginal delivery 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

27 Length of stay in neonatal special
care and/or intensive care unit

    Other data No numeric data

28 Length of antenatal hospital admis-
sion

0 0 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

29 Costs of monitoring 0 0 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

30 Women's views of care 0 0 Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

 
 

Analysis 1.1.   Comparison 1 Twice-weekly versus fortnightly surveillance, Outcome 1 Perinatal mortality.

Study or subgroup Twice-weekly Fortnightly Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

McCowan 2000 0/85 0/82   Not estimable

   

Total (95% CI) 85 82 Not estimable

Total events: 0 (Twice-weekly), 0 (Fortnightly)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours treatment 1000.01 100.1 1 Favours control
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Analysis 1.6.   Comparison 1 Twice-weekly versus fortnightly surveillance,
Outcome 6 Admission to neonatal special care or intensive care unit.

Study or subgroup Twice-weekly Fortnightly Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

McCowan 2000 26/85 28/82 100% 0.9[0.58,1.39]

   

Total (95% CI) 85 82 100% 0.9[0.58,1.39]

Total events: 26 (Twice-weekly), 28 (Fortnightly)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.49(P=0.62)  

Favours twice weekly 50.2 20.5 1 Favours fortnightly

 
 

Analysis 1.7.   Comparison 1 Twice-weekly versus fortnightly surveillance, Outcome 7 Gestational age at birth.

Study or subgroup Twice-weekly Fortnightly Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

McCowan 2000 85 264 (13) 82 268 (12) 100% -4[-7.79,-0.21]

   

Total *** 85   82   100% -4[-7.79,-0.21]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.07(P=0.04)  

Favours twice weekly 105-10 -5 0 Favours fortnightly

 
 

Analysis 1.8.   Comparison 1 Twice-weekly versus fortnightly
surveillance, Outcome 8 Low birthweight for gestation at birth.

Study or subgroup Twice-weekly Fortnightly Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

McCowan 2000 47/85 57/82 100% 0.8[0.63,1.01]

   

Total (95% CI) 85 82 100% 0.8[0.63,1.01]

Total events: 47 (Twice-weekly), 57 (Fortnightly)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.88(P=0.06)  

Favours twice weekly 20.5 1.50.7 1 Favours fortnightly

 
 

Analysis 1.9.   Comparison 1 Twice-weekly versus fortnightly surveillance, Outcome 9 Birthweight.

Study or subgroup Twice-weekly Fortnightly Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

McCowan 2000 85 2534 (454) 82 2587 (412) 100% -53[-184.4,78.4]

   

Total *** 85   82   100% -53[-184.4,78.4]

Heterogeneity: Not applicable  

Favours twice weekly 500250-500 -250 0 Favours fortnightly
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Study or subgroup Twice-weekly Fortnightly Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Z=0.79(P=0.43)  

Favours twice weekly 500250-500 -250 0 Favours fortnightly

 
 

Analysis 1.12.   Comparison 1 Twice-weekly versus fortnightly surveillance, Outcome 12 Cord blood acidosis.

Study or subgroup Twice-weekly Fortnightly Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

McCowan 2000 4/85 3/82 100% 1.29[0.3,5.57]

   

Total (95% CI) 85 82 100% 1.29[0.3,5.57]

Total events: 4 (Twice-weekly), 3 (Fortnightly)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.34(P=0.74)  

Favours twice weekly 1000.01 100.1 1 Favours fortnightly

 
 

Analysis 1.15.   Comparison 1 Twice-weekly versus fortnightly surveillance, Outcome 15 Use of ventilatory support.

Study or subgroup Twice-weekly Fortnightly Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

McCowan 2000 2/85 0/82 100% 4.83[0.24,99.02]

   

Total (95% CI) 85 82 100% 4.83[0.24,99.02]

Total events: 2 (Twice-weekly), 0 (Fortnightly)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.02(P=0.31)  

Favours treatment 1000.01 100.1 1 Favours control

 
 

Analysis 1.22.   Comparison 1 Twice-weekly versus fortnightly
surveillance, Outcome 22 Emergency caesarean section for fetal distress.

Study or subgroup Twice-weekly Fortnightly Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

McCowan 2000 7/85 7/82 100% 0.96[0.35,2.63]

   

Total (95% CI) 85 82 100% 0.96[0.35,2.63]

Total events: 7 (Twice-weekly), 7 (Fortnightly)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.07(P=0.94)  

Favours twice weekly 1000.01 100.1 1 Favours fortnightly
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Analysis 1.24.   Comparison 1 Twice-weekly versus fortnightly surveillance, Outcome 24 Induction of labour.

Study or subgroup Twice-weekly Fortnightly Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

McCowan 2000 70/85 54/82 100% 1.25[1.04,1.5]

   

Total (95% CI) 85 82 100% 1.25[1.04,1.5]

Total events: 70 (Twice-weekly), 54 (Fortnightly)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.38(P=0.02)  

Favours twice weekly 50.2 20.5 1 Favours fortnightly

 
 

Analysis 1.25.   Comparison 1 Twice-weekly versus fortnightly surveillance, Outcome 25 Caesarean section.

Study or subgroup Twice-weekly Fortnightly Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

McCowan 2000 13/85 11/82 100% 1.14[0.54,2.4]

   

Total (95% CI) 85 82 100% 1.14[0.54,2.4]

Total events: 13 (Twice-weekly), 11 (Fortnightly)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.35(P=0.73)  

Favours twice weekly 100.1 50.2 20.5 1 Favours fortnightly

 
 

Analysis 1.27.   Comparison 1 Twice-weekly versus fortnightly surveillance,
Outcome 27 Length of stay in neonatal special care and/or intensive care unit.

Length of stay in neonatal special care and/or intensive care unit

Study Twice weekly Fortnightly

McCowan 2000 median 5 days (range 0 to 66) median 4 days (range 1 to 27)

 

 

A P P E N D I C E S

Appendix 1. Methods used to assess risk of bias of trials included in previous versions of this review

Selection of studies

We assessed for inclusion all potential studies we identified as a result of the search strategy. We resolved any disagreement through
discussion or, if required, consulted a third party.

Data extraction and management

We designed a form to extract data. Two review authors (R Grivell and L Wong) extracted the data independently using the agreed form.
We resolved discrepancies through discussion. We used the Review Manager soOware (RevMan 2008) to double enter all the data or a
subsample.

When information regarding any of the above was unclear, we attempted to contact authors of the original reports to provide further details.

Assessment of methodological quality of included studies

We assessed the validity of the one included study using the criteria outlined in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2008). We described the methods used for generation of the randomisation sequence.
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(1) Sequence generation (checking for possible selection bias)

We described for the included study the method used to generate the allocation sequence in suFicient detail to allow an assessment of
whether it should produce comparable groups. We assessed the method as:

• adequate (any truly random process, e.g. random number table; computer random number generator);

• inadequate (any non random process, e.g. odd or even date of birth; hospital or clinic record number);

• unclear.

(2) Allocation concealment (checking for possible selection bias)

We described for the included study the method used to conceal the allocation sequence in suFicient detail and determine whether
intervention allocation could have been foreseen in advance of, or during recruitment, or changed aOer assignment. We assessed the
methods as:

• adequate (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);

• inadequate (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth);

• unclear.

(3) Blinding (checking for possible performance bias)

We described for the included study the methods used, if any, to blind study participants and personnel from knowledge of which
intervention a participant received. We considered that studies would be judged at low risk of bias if they were blinded, or if we judged that
the lack of blinding could not have aFected the results. Blinding was assessed separately for diFerent outcomes or classes of outcomes.
We assessed the blinding as: adequate, inadequate or unclear for participants; adequate, inadequate or unclear for personnel; adequate,
inadequate or unclear for outcome assessors.

(4) Incomplete outcome data (checking for possible attrition bias through withdrawals, dropouts, protocol deviations)

We described for the included study, and for each outcome or class of outcomes, the completeness of data including attrition and
exclusions from the analysis. We stated whether attrition and exclusions were reported, the numbers included in the analysis at each
stage (compared with the total randomised participants), reasons for attrition or exclusion where reported, and whether missing data were
balanced across groups or were related to outcomes. Where suFicient information was reported, or could be supplied by the trial authors,
we re-included missing data in the analyses which we undertook. We assessed methods as:

• adequate (i.e. low risk of bias);

• inadequate (i.e. high risk of bias):

• unclear.

(5) Selective reporting bias

We described for the included study how we investigated the possibility of selective outcome reporting bias and what we found. We
assessed the methods as:

• adequate (where it is clear that all of the study’s prespecified outcomes and all expected outcomes of interest to the review have been
reported);

• inadequate (where not all the study’s prespecified outcomes have been reported; one or more reported primary outcomes were not
prespecified; outcomes of interest are reported incompletely and so cannot be used; study fails to include results of a key outcome that
would have been expected to have been reported);

• unclear.

(6) Other sources of bias

We described for the the included study any important concerns we had about other possible sources of bias. We assessed whether the
study was free of other problems that could put it at risk of bias:

• yes;

• no;

• unclear.

(7) Overall risk of bias

We made explicit judgements about whether the study was at a high risk of bias, according to the criteria given in the Handbook (Higgins
2008). With reference to (1) to (6) above, we assessed the likely magnitude and direction of the bias and whether we considered it likely
to impact on the findings. We planned to explore the impact of the level of bias through undertaking sensitivity analyses - see 'Sensitivity
analysis'.
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Appendix 2. Methods used to assess trials included in future versions of this review

Dichotomous data

For dichotomous data, we will present results as summary risk ratio with 95% confidence intervals.

Continuous data

For continuous data, we will use the mean diFerence if outcomes are measured in the same way between trials. We will use the standardised
mean diFerence to combine trials that measure the same outcome, but use diFerent methods. 

Unit of analysis issues  

Cluster-randomised trials

We will include cluster-randomised trials in the analyses along with individually-randomised trials. We will adjust their standard errors
using the methods described in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011) using an estimate of the
intracluster correlation co-eFicient (ICC) derived from the trial (if possible), from a similar trial or from a study of a similar population. If
we use ICCs from other sources, we will report this and conduct sensitivity analyses to investigate the eFect of variation in the ICC. If we
identify both cluster-randomised trials and individually-randomised trials, we plan to synthesise the relevant information. We will consider
it reasonable to combine the results from both if there is little heterogeneity between the study designs and the interaction between the
eFect of intervention and the choice of randomisation unit is considered to be unlikely.

We will also acknowledge heterogeneity in the randomisation unit and perform a subgroup analysis to investigate the eFects of the
randomisation unit.

Cross-over trials

Cross-over trials will not be included.

Dealing with missing data  

For included studies, we will note levels of attrition. We will explore the impact of including studies with high levels of missing data in the
overall assessment of treatment eFect by using sensitivity analysis.

For all outcomes, we will carry out analyses, as far as possible, on an intention-to-treat basis, i.e. we will attempt to include all participants
randomised to each group in the analyses, and all participants will be analysed in the group to which they were allocated, regardless of
whether or not they received the allocated intervention. The denominator for each outcome in each trial will be the number randomised
minus any participants whose outcomes are known to be missing.

Assessment of heterogeneity  

We will assess statistical heterogeneity in each meta-analysis using the T2, I2 and Chi2 statistics. We will regard heterogeneity as substantial
if I2 is greater than 30% and either T2 is greater than zero, or there is a low P value (less than 0.10) in the Chi2 test for heterogeneity.

Assessment of reporting biases  

If there are 10 or more studies in the meta-analysis, we will investigate reporting biases (such as publication bias) using funnel plots. We
will assess funnel plot asymmetry visually, and use formal tests for funnel plot asymmetry. For continuous outcomes, we will use the test
proposed by Egger 1997, and for dichotomous outcomes, we will use the test proposed by Harbord 2006. If asymmetry is detected in any
of these tests or is suggested by a visual assessment, we will perform exploratory analyses to investigate it.

Data synthesis  

We will carry out statistical analysis using the Review Manager soOware ( RevMan 2011). We will use fixed-eFect meta-analysis for combining
data where it is reasonable to assume that studies are estimating the same underlying treatment eFect: i.e. where trials are examining the
same intervention, and the trials’ populations and methods are judged suFiciently similar. If there is clinical heterogeneity suFicient to
expect that the underlying treatment eFects diFer between trials, or if substantial statistical heterogeneity is detected, we will use random-
eFects meta-analysis to produce an overall summary if an average treatment eFect across trials is considered clinically meaningful. The
random-eFects summary will be treated as the average range of possible treatment eFects and we will discuss the clinical implications of
treatment eFects diFering between trials. If the average treatment eFect is not clinically meaningful, we will not combine trials.

If we use random-eFects analyses, the results will be presented as the average treatment eFect with 95% confidence intervals, and the
estimates of  T2 and I2.

Subgroup analysis and investigation of heterogeneity  

If we identify substantial heterogeneity, we will investigate it using subgroup analyses and sensitivity analyses. We will consider whether
an overall summary is meaningful, and if it is, use random-eFects analysis to produce it.
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We plan to carry out the following subgroup analyses:

1. diagnosis of impaired fetal growth before or aOer 32 weeks;

2. normal or abnormal umbilical artery doppler at time of diagnosis.

The following primary outcomes will be used in subgroup analysis:

1. perinatal mortality and serous neonatal morbidity, as defined by the trial authors;

2. emergency caesarean section for fetal distress.

We will assess diFerences between subgroups by interaction tests available within RevMan (RevMan 2011).

Sensitivity analysis  

We plan to carry out sensitivity analyses to explore the eFect of trial quality assessed by concealment of allocation, high attrition rates, or
both, with poor quality studies being excluded from the analyses in order to assess whether this makes any diFerence to the overall result.
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