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Abstract

Aim

This systematic review evaluates the utility of the fetal cerebroplacental ratio (CPR) when assessed

at term (from 37+0 weeks gestation) as a predictor of adverse obstetric and perinatal outcomes.

Data sources and search strategy

An electronic search of Pubmed and Embase using variations of ‘cerebroplacental ratio’ and
‘cerebroumbilical ratio’ was conducted by two independent reviewers. Full text studies written in
English that reported on low CPR and its correlation with relevant obstetric and perinatal outcomes

were included.

Results

Twenty one studies satisfied inclusion with 13 prospective and eight retrospective analyses. Fetal
CPR was predictive of caesarean section for intrapartum fetal compromise, small for gestational age
and fetal growth restriction and neonatal intensive care unit admission. Low CPR was also
significantly associated with abnormal fetal heart rate pattern, meconium stained liquor, low Apgar
score, acidosis at birth and composite adverse perinatal outcome scores. The CPR when taken at
term had comparable if not better predictive value than that when taken at pre-term. Most studies
included small for gestational age fetuses and postdate pregnancies. Subtle variation existed in the

threshold for low CPR.

Conclusion

The CPR at term has a strong association with adverse obstetric and perinatal outcomes. This review
suggests the predictive utility of CPR at term is promising however there is insufficient evidence to

demonstrate its value as a stand-alone test. Inclusion of CPR as a component of clinical care may
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47 help better identify fetuses at risk of adverse outcome, and this should be tested with randomised

48 control trials.
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INTRODUCTION

For the majority of pregnancies, the placenta provides adequate metabolic and oxygen supply to the
fetus through to birth without any detrimental effects on growth or wellbeing. However, when
placental function is suboptimal impaired fetal growth can supervene. In late pregnancy, this is a
major risk factor for stillbirth and other adverse obstetric and perinatal outcomes [1-3]. For the
neonate, there is also a much greater likelihood of longer term neurological and
neurodevelopmental morbidity[4-6], as well as cardiovascular disease and other metabolic
conditions later in life[7-10]. There is also evidence that even in a cohort of fetuses that are
appropriately grown (AGA) with estimated weights above the 10" centile, some demonstrate
circulatory changes consistent to that seen in a fetus with obvious growth restriction. These AGA

fetuses are also at increased risk of adverse obstetric and perinatal outcomes[11-14].

The fetal cerebroplacental ratio (CPR) is the ratio of the fetal middle cerebral artery (MCA) pulsatility
index (PI) to umbilical artery (UA) PL. It is believed to be a proxy for suboptimal fetal growth[15, 16]
given it quantifies both suboptimal placental function and subsequent fetal circulatory
adaptations[17]. It is believed that the CPR better predicts adverse perinatal outcomes than its

individual components[18-23] and better than conventional anthropometric models[13].

OBIJECTIVE

The aim of this systematic review was to evaluate the utility of CPR when assessed at term (237+0

weeks) as a predictor for adverse perinatal outcomes.

DATA SOURCES AND METHODOLOGY

An online database search of PubMed and Embase for all relevant publications from the past 30
years was undertaken by the authors and institutional research librarian in September 2016. Search

terms were variations of ‘cerebroumbilical ratio’ and ‘cerebroplacental ratio’.
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The population of interest was pregnant women who had a CPR evaluated from 37+0 — 42+0 weeks
gestational age compared to those with normal CPR or a control group as described by the authors.
Studies were eligible for inclusion if they reported relevant obstetric and perinatal outcomes and

their association with the CPR (regardless of blinding).

An initial title and abstract review was conducted on all publications from the search to exclude
duplicated and ineligible manuscripts. A revised short-list of full-text manuscripts written in English
that were available electronically were then reviewed in detail. A manual search of the reference
lists of short-listed articles was also carried out to identify relevant articles not captured in the initial

electronic searches. These reviews were conducted independently by authors LD and HS.

Systematic and expert reviews, case series and reports, abstracts, book chapters, opinion pieces and
guidelines were excluded. Publications were also excluded if they investigated the influence of an
intervention on the CPR. Relevant standards of reporting for each publication type[24] were
referenced, as was the Preferred Reporting for Systematic Reviews and Meta-Analyses

statement[25].

RESULTS

The flow of identification of relevant studies is shown in Figure 1. Four hundred and seventeen
publications were initially retrieved using the abovementioned methodology and 31 full text articles
were then reviewed. The final number of eligible manuscripts was 21 and includes 13 prospective

observational[11, 14, 16, 23, 26-34] and eight retrospective[12, 13, 15, 35-40] studies.

Data on maternal and fetal characteristics, number of participants that had a CPR evaluated,
individual CPR components and abnormal CPR cut off threshold, gestational age at which the CPR
was obtained and CPR to delivery interval are presented in Table 1. Obstetric (mode of, and
indication for birth, meconium stained liquor (MSL), fetal heart rate (FHR) abnormalities) and

perinatal (birthweight, Apgar scores, acidosis at birth, neonatal intensive care unit (NICU) admission)
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outcomes are presented in Table 2. Sensitivities, specificities, negative predictive values (NPV),
positive predictive values (PPV) and other predictive ratios for various outcomes are presented in

Table 3. Not all outcomes relevant to this review were reported by each publication.

There was lack of uniformity in the Doppler indices used to construct the CPR. Most studies used the
MCA-PI/UA-PI ratio[11, 13-16, 26-31, 35, 37], although S/D[23] and RI[36, 38, 39] ratios were also
reported, mainly in earlier studies. The threshold that described an abnormal CPR varied between
studies including <5™ centile[14, 28, 35, 37], <10" centile[11, 14] and values <0.90[37], <1[14],
<1.05[23, 27], <1.09[30] <1.1[29, 36, 38, 39], <1.3[29] and <0.6765MoM[13, 15, 16, 35]. Not all
included studies however reported an abnormal CPR value and there was wide variation in the
characteristics of the control group across studies. There was also variation in the terminology used
to describe fetal/neonatal size. Some studies defined small for gestational age (SGA) as birthweight
(BW) <10™ centile[12, 13, 15, 26, 35, 39] whilst others used estimated fetal weight (EFW) <10"
centile[16, 28, 30, 32, 33]. Fetal growth restriction (FGR) was variously defined as BW <3" centile[26]
with abnormal fetal Dopplers[15], EFW <3™ centile with abnormal UA-PI[16] and as BW <10™ centile
with abnormal MCA-PI[40]. Appropriate for gestational age (AGA) was defined as BW[13, 35] or
EFW[16] >10™ — 90" centiles. Other studies did not clearly define these terms[11, 14, 23, 27, 29, 31,

36, 37].

The CPR-to-delivery interval varied from <24 hours[28, 36, 38] to <14 days[13-15, 35] and most

studies reported clinicians being blinded to CPR data[11, 14, 16, 23, 26, 28-31, 35, 39].

The majority of studies had broadly similar exclusion criteria (e.g. significant maternal conditions,
fetal anomalies, intrauterine fetal death and stillbirth) in an attempt to create relatively normal or
low risk cohorts. Furthermore, assessment criteria of IFC (e.g. FHR pattern, fetal blood sampling),
and neonatal outcomes (e.g. Apgar <7 at one and five minutes, acidosis at birth [UA pH<7.2, base

excess (BE) >12mEqg/L], NICU admission) was very similar across studies.
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Obstetric Outcomes

Mode of Birth

The association of low CPR and mode of birth was reported in nine studies[11, 12, 14, 16, 27, 28, 33,
36, 40]. An abnormal CPR, as defined in each study, was associated with an overall increased for
birth by emergency caesarean (CS)[27, 28, 33, 36, 40]. In particular, the CPR was shown to be an
independent predictor of CS for intrapartum fetal compromise (CS-IFC), with an area under the
receiver operator characteristic curve (AUROC) of 0.69 [11]. An abnormal CPR had a six- (OR 6.1, 95%
Cl 3.03-12.75)[11] to 10-fold (OR 10.3 95%Cl 3.22-52.8)[28] increased odds of CS-IFC. Khalil et al.
2015[12], also described the association of low CPR with both instrumental delivery for IFC as well as
CS-IFC, with the CPR being an independent predictor any operative delivery for IFC, irrespective of
fetal size. Conversely, a normal CPR was more likely to be associated with SVD[14, 16, 27]. Birth by

SVD was up to three times more likely in the setting of a normal CPR (OR 2.93 95%Cl 1.41-6.13)[11].

Abnormal Fetal Heart Rate Pattern

Four studies[11, 16, 36, 39] reported that a low CPR was associated with FHR abnormalities (40.8% v
18.5%[16], 62.3% v 19.0%[36] and 86% v 28.9%[11]; all p<0.05) and that the likelihood of the having
an abnormal FHR was increased more than two fold with a low CPR[16, 36]. One study also showed
that at a CPR threshold of 1.1 had higher sensitivity and NPV for abnormal FHR patterns than either

the MCA or UA Doppler indices individually[36].

Meconium Stained Liquor

Meconium stained liquor (MSL) was reported in four studies[11, 16, 30, 36]. Lam et al. 2005[30] did
not demonstrate any correlation between a low CPR and MSL, whereas three other studies[11, 16,
36] reported a higher prevalence of MSL amongst the low CPR cohort. In these studies, the rates of
MSL ranged from 22.4%[16] to 46.4%[36] and the likelihood of MSL in the setting of a low CPR was

nearly two-fold greater (RR1.96, 95% Cl 1.12-3.43, p=0.03)[16].
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Perinatal Outcomes

Birthweight

The association of birthweight, SGA and FGR with CPR was reported by 11 studies[11, 13, 15, 16, 26,
30, 32, 33, 35, 36, 40]. Lower median and mean birthweights was associated with low a CPR in six
studies[13, 16, 33, 35, 36, 40] though one study reported no difference in mean birthweights across
CPR centiles[11]. The latter study along with two others[15, 16] did however report a significant
correlation between CPR and birthweight centiles, with higher birthweight centiles reported in the
normal CPR cohort[11]. Even amongst AGA cohorts, those with lower birthweights had a significantly
lower CPR[13, 15, 16, 35]. A low CPR was consistently reported to correlate with the presence of
both SGA[26, 30, 32, 36] and FGR[26, 33] births. Triunfo et al. 2016[26], reported that the CPR z-
score was an independent predictor of both SGA (Detection Rate [DR] 13.7, 10% false positive
rate[FPR]) and FGR (DR 27.8, 10% FPR), with corresponding AUROC values of 0.56 and 0.65
respectively[26]. However, whilst the CPR performed better than other Doppler indices in this study,
it did not out-perform EFW for either SGA or FGR (DR 59.2, 10% FPR and 83.3%, 10% FPR,

respectively)[26].

Low Apgar Score

There were four studies[11, 16, 36, 40] that reported the relationship between the CPR and Apgar
scores. Prior et al. 2015[16], reported that Apgar scores <7 at both one minute (56.5% v 5.1%
p<0.001) and five minutes (27.5% v 1.3%, p<0.001) were significantly lower with a low pre-labour
CPR. Another two studies[11, 16] reported a greater frequency of poor Apgar scores in the low CPR
group, but these did not reach significance. In a further study[40], no poor Apgar scores were

observed irrespective of the CPR.

Acidosis at Birth
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Ten studies[11, 13, 16, 23, 28, 31, 33, 35, 36, 40] described the results of cord blood analysis.
Ropacka-Lesiak et al. 2015[36], reported that neonates born in the low CPR cohort were more likely
to have acidosis compared to normal CPR controls. The differences were significant across each
parameter: UA pH<7.2 (39.1% v 2.5%), base excess <-12mEq/L (34.8% v 5.1%), pO2 <15mmHg
(43.5% v 24.0%) and pCO2 >45mmHg (44.9% v 16.5%) (all p<0.05). Two other studies also reported
that low CPR was associated with cord blood acidosis[13, 33] and one reported that the CPR
correlated better than birthweight cord blood acidosis[13]. Cruz-Martinez et al. 2011[28], described
that SGA fetuses with an abnormal CPR had a five-fold likelihood of cord blood acidaemia (OR 5.0,
95%Cl 1.06-46.9). Other studies did not demonstrate a significant relationship between abnormal

CPR and abnormal cord blood analysis[11, 16, 31].
Admission to Neonatal Intensive Care Unit

Admission to NICU was reported in five studies[11, 12, 16, 33, 40]. Between 21.9%[40] and
37.1%[33] of fetuses with an EFW<10™ centile and an abnormal CPR required admission to NICU —
rates significantly higher compared to normal CPR cohorts (11.1%[40] to 21.3%[33]). Irrespective of
fetal size, a low CPR was independently associated with NICU admission (aOR 0.55, 95%Cl 0.33-0.92,
p<0.021), outperforming that of birthweight centile (aOR 1.00, 95%ClI 0.99-1.00, p0.794)[12]. Two
further studies reported higher NICU admission rates amongst abnormal CPR cohorts but these did

not reach significance[11, 16].
Composite Adverse Perinatal Outcome

Composite adverse perinatal outcomes and their association with CPR were reported in 11
studies[11, 16, 23, 26, 27, 29, 32-34, 36, 37]. Outcome variables included in the composite included
CS-IFC, cord blood acidosis, poor Apgar scores and NICU admission. Low CPR resulted in a more than
two-fold increase in the likelihood of adverse perinatal outcomes (OR 2.43, 95%Cl 1.28-4.59)[33] and

had better sensitivity (87.8%) and NPV (93.7%) than MCA and UA Dopplers[36] as well as other tests
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including amniotic fluid index, biophysical profile and non-stress test[23]. Triunfo et al. 2016[26],
reported that the CPR had a detection rate of 23.1% (10% FPR) for composite adverse perinatal
outcome which was more reliable than EFW (DR 19.2%), umbilical venous blood flow (DR 16.9%) and
uterine artery Dopplers (DR 9.2%). The AUROC for CPR predicting adverse perinatal outcomes was
0.52 (0.44-0.59)[27]. In two studies[32, 33] more than half of the low CPR fetuses had adverse
perinatal outcomes (50.7% v 6.3%[36]; 57.3% v 34.7%[33] respectively, p<0.05) and in another study
more than one third (37.5% v 19.1%, p<0.05)[32] had poor outcomes. The CPR was shown to be
lower in cohorts with adverse perinatal outcomes compared to controls[29, 37] with two of these
reaching significance[23, 27]. Four studies however did not demonstrate a significant association

between low CPR and composite adverse perinatal outcome[11, 16, 29, 37].

Perinatal Mortality

There were limited data reported for perinatal mortality. Morales-Rosello et al. 2014[15], reported
six (0.05%) early neonatal deaths and six (0.05%) late neonatal deaths. The CPR data corresponding
to these deaths however were not obtainable. Perinatal mortality was a component of one
composite outcome score however no CPR data or mortality rates were obtainable from that study

either[34].

DISCUSSION

This systematic review clearly demonstrates that a low CPR when detected at term is associated with
a number of adverse obstetric and perinatal outcomes, regardless of birthweight. A low CPR is
independently predictive of CS-IFC, SGA and FGR and NICU admission. Furthermore, a low CPR
correlates significantly with pregnancies complicated by intrapartum events like MSL and FHR
pattern abnormalities, as well as adverse neonatal outcomes, such as low Apgar scores and acidosis.
Composite adverse perinatal outcomes were also significantly higher in low CPR cohorts. There were

however no data related to the risk of perinatal mortality. This is probably because this is such a rare
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event at term and the studies included in this systematic review were not powered to detect this
outcome. The results of this systematic review as well as other studies strongly support the
incorporation of the CPR as a component in an antenatal screening test for adverse perinatal

outcomes.

There is considerable difficulty identifying pregnancies in which placental function is inadequate to
support fetal growth potential and where greater risk of adverse perinatal outcomes exists. This
clinical dilemma is particularly difficult in late pregnancy[41]. Current practices vary considerably but
include symphysis-fundal height measurements, risk-based ultrasound assessment and routine third-
trimester ultrasound scan[42-45]. The conventional anthropometric model of EFW has high
sensitivity for growth restriction, using the 10" centile as an arbitrary threshold. This biometric proxy
for placental insufficiency however has a high false positive rate as it also includes healthy fetuses
that may just be constitutionally small without being growth restricted[46]. Data also suggest this
approach fails to identify AGA fetuses that, whilst above the 10" centile for EFW, have not reached
their growth potential as a consequence of suboptimal placental function[15]. This cohort of
pregnancies has been shown to have poorer perinatal outcomes than fetuses that have reached
their growth potential[13]. Additionally, SGA fetuses may have subtle cardiovascular redistribution
that is not appreciable with UA Doppler alone[28]. Other antenatal fetal surveillance tests in use like
cardiotocography, amniotic fluid index and biophysical profile have not been shown to improve
perinatal outcomes[47-51]. Thus, these limitations have largely prompted the renewed relevance of

CPR as a potentially important clinical tool.

The CPR was initially described in the 1980s[52] and assesses both placental function and fetal
response by its evaluation of the UA and MCA Dopplers[52]. Current data suggest that it predicts
adverse perinatal outcomes better than UA and MCA Dopplers on their own[18-23] and outperforms
uterine artery Dopplers[53]. Conventional EFW by ultrasound performs relatively poorly at

identifying at risk fetuses at term[54-59] and the CPR has been shown to better identify pregnancies
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with adverse perinatal outcome than anthropometric models[13] and biophysical profile[19, 60].
The evaluation of CPR, particularly amongst SGA and FGR pregnancies, provides a strong predictor of
adverse obstetric and perinatal outcomes: caesarean for intrapartum fetal compromise (CS-IFC) at
term and acidaemia at birth[11, 17, 21, 32, 52, 61-64]. Furthermore, a low CPR has been associated

with neurological morbidity in both growth restricted and AGA cohorts[12, 64-67].

However, the majority of published studies report on the CPR evaluated in the mid and late
trimesters pregnancy rather than at >37 weeks. Given that the majority of most pregnancies
regardless of setting, proceed to term[68] and the difficulties in identifying late-pregnancy growth
restriction and placental insufficiency, there is a clear need to improve the reliability of fetal
surveillance techniques to predict adverse perinatal outcomes in this large cohort. Whilst the CPR
has been suggested as a component of antepartum testing[69] there is a dearth of robust evidence

from randomised clinical trials.

Currently, there is increasing evidence from published studies as well as anecdotally that the CPR has
been adopted into clinical decision making at term[41, 70, 71] despite the lack of good evidence
supporting its use. One reason for this is that the optimal gestation at which to measure the CPR is
not entirely apparent from the current evidence and some clinicians have extrapolated the data
from preterm pregnancies to a term cohort. Most of the data available regarding the predictive
ability of the CPR relate to cohorts of pre-term pregnancies complicated by growth restriction[61,
72]. In a large prospective study of preterm SGA pregnancies, Flood et al. 2014[61], reported the
sensitivity and specificity of CPR for adverse perinatal outcomes as 80-85% and 41-60% respectively.
In other studies, despite the clear association with adverse obstetric and perinatal outcomes,

detection rates are still relatively poor when measured <37 weeks[73, 74].

In our view, incorporation of the CPR into routine clinical practice as a stand-alone measure of risk
assessment is inappropriate for the following reasons. Firstly, the optimal discriminatory threshold

has not been definitively described and this will clearly impact upon detection rates for various
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adverse outcomes. Although the CPR is significantly lower in pregnancies complicated by a number
of adverse intrapartum and perinatal outcomes, there is substantial overlap between groups. The
reported false positive rates in many of the studies are also unacceptably high and consideration
needs to be given to the maternal and healthcare provider anxiety, a screen positive result would

17

engender, in an otherwise “normal” pregnancy. Secondly, the optimal CPR-to-delivery interval is
uncertain. Prior et al 2013[11] demonstrated an abnormal CPR measured within 72 hours of labour
amongst an AGA cohort increased the likelihood of CS-IFC six-fold and conversely, a CPR >90™ centile
had a 100% NPV. The logistics of performing an ultrasound scan within this narrow window are
largely impractical. More recent data though suggest that abnormal CPR measured up to two weeks
remote from delivery yielded a ‘fair’ prediction for CS-IFC (AUROC 0.71), but not for an adverse

neonatal composite outcome (AUROC 0.56)[14]. This time frame may be much more achievable

particularly when aligned with a routine antenatal appointment.

The ability of the CPR to identify the ‘at risk’ fetus might also be improved by combining it with other
parameters. Addition of the CPR to the EFW improves the detection of FGR compared to EFW alone
(DR 88.6% v 83.3%, 10% FPR) and the CPR, EFW and umbilical vein blood flow improved detection of
adverse perinatal outcome compared to EFW alone (DR 29.2% v 19.2%, 10% FPR)[26] although
overall detection rates are still poor. A number of maternal biochemical markers such as placental
growth factor (PIGF) and soluble fms-like tyrosine kinase 1 have been linked to sequelae of placental
dysfunction[75, 76]. There is evidence that PIGF is significantly lower in the final month of pregnancy
in term, AGA pregnancies that went on to require emergency delivery for IFC and had poorer
neonatal outcomes[77]. The inclusion of biochemical markers might therefore further strengthen

the predictive utility of CPR.

Of the publications included in this review, there were no randomised control trials and a substantial
proportion of the data came from retrospective studies. Furthermore some of the outcomes

reported in this systematic review may be considered “soft” endpoints that are not entirely relevant
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in terms of longer term outcomes such as cerebral palsy. Hard outcomes such as perinatal death,
meconium aspiration syndrome, hypoxic ischaemic encephalopathy and extended NICU admission
however whilst perhaps more reflective of neonatal morbidity, require adequately powered and
larger cohort studies. Whilst some studies did report these outcomes, the data were insufficient to

establish an association with a low CPR.

Nonetheless, despite these limitations the results presented in this systematic review strongly
suggest that a low CPR is associated with a higher risk of obstetric intervention for intrapartum fetal
compromise and poorer perinatal outcomes at term. In our view these results emphasise the need

for randomised controlled trials to assess its value.



252

253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

References

1 Baschat DAA: Fetal responses to placental insufficiency: An update. Oxford, UK and Malden,
USA, 2004, 111, pp 1031-1041.
2 Lees C, Marlow N, Arabin B, Bilardo CM, Brezinka C, Derks JB, Duvekot J, Frusca T, Diemert A,

Ferrazzi E, Ganzevoort W, Hecher K, Martinelli P, Ostermayer E, Papageorghiou AT, Schlembach D,
Schneider KTM, Thilaganathan B, Todros T, van Wassenaer-Leemhuis A, Valcamonico A, Visser GHA,
Wolf H, the TG: Perinatal morbidity and mortality in early-onset fetal growth restriction: Cohort
outcomes of the trial of randomized umbilical and fetal flow in europe (truffle). Ultrasound Obstet
Gynecol 2013;42:400-408.

3 Singh T, Leslie K, Bhide A, D’antonio F, Thilaganathan B: Role of second-trimester uterine
artery doppler in assessing stillbirth risk. Obstet Gynecol 2012;119:256-261.

4 Blair E, Stanley FJ: Intrapartum asphyxia: A rare cause of cerebral palsy. The Journal of
Pediatrics 1988;112:515-519.

5 Mclintyre S, Taitz D, Keogh J, Goldsmith S, Badawi N, Blair E: A systematic review of risk
factors for cerebral palsy in children born at term in developed countries. Dev Med Child Neurol
2013;55:499-508.

6 Badawi N, Kurinczuk JJ, Keogh JM, Alessandri LM, O'Sullivan F, Burton PR, Pemberton PJ,
Stanley FJ: Antepartum risk factors for newborn encephalopathy: The western australian case-
control study. Br Med J 1998;317:1549.

7 Barker DJ, Osmond C, Golding J, Kuh D, Wadsworth ME: Growth in utero, blood pressure in
childhood and adult life, and mortality from cardiovascular disease. Br Med J 1989;298:564.

8 Godfrey KM, Barker DJP: Fetal nutrition and adult disease. Am J Clin Nutr 2000;71:1344S.

9 Stevenson CJ, West CR, Pharoah P: Dermatoglyphic patterns, very low birth weight, and
blood pressure in adolescence. Arch Dis Child 2001;84:F18-F22.

10 Eriksson J, Forsen T, Tuomilehto J, Osmond C, Barker D: Fetal and childhood growth and
hypertension in adult life. Hypertension 2000;36:790-794.

11 Prior T, Mullins E, Bennett P, Kumar S: Prediction of intrapartum fetal compromise using the

cerebroumbilical ratio: A prospective observational study. Am J Obstet Gynecol 2013;208:124. e121-
124. e126.

12 Khalil AA, Morales-Rosello J, Morlando M, Hannan H, Bhide A, Papageorghiou A,
Thilaganathan B: Is fetal cerebroplacental ratio an independent predictor of intrapartum fetal
compromise and neonatal unit admission? Am J Obstet Gynecol 2015;213:54.e51-54.e10.

13 Morales-Rosello J, Khalil A, Morlando M, Bhide A, Papageorghiou A, Thilaganathan B: Poor
neonatal acid-base status in term fetuses with low cerebroplacental ratio. Ultrasound Obstet
Gynecol 2015;45:156-161.

14 Bligh L, Alsolai A, Greer R, Kumar S: Cerebro-placental ratio thresholds measured within two
weeks of birth and the risk of cesarean for intrapartum fetal compromise and adverse neonatal
outcome. Ultrasound Obstet Gynecol 2017; (Accepted for Publication).

15 Morales-Roselld J, Khalil A, Morlando M, Papageorghiou A, Bhide A, Thilaganathan B:
Changes in fetal doppler indices as a marker of failure to reach growth potential at term. Ultrasound
Obstet Gynecol 2014;43:303-310.

16 Prior T, Paramasivam G, Bennett P, Kumar S: Are fetuses that fail to achieve their growth
potential at increased risk of intrapartum compromise? Ultrasound Obstet Gynecol 2015;46:460-
464.

17 Baschat AA, Gembruch U: The cerebroplacental doppler ratio revisited. Ultrasound Obstet
Gynecol 2003;21:124-127.

18 Bahado-Singh RO, Kovanci E, Jeffres A, Oz U, Deren O, Copel J, Mari G: The doppler
cerebroplacental ratio and perinatal outcome in intrauterine growth restriction. Am J Obstet
Gynecol 1999;180:750-756.



301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350

19 Makhseed M, Jirous J, Ahmed M, Viswanathan D: Middle cerebral artery to umbilical artery
resistance index ratio in the prediction of neonatal outcome. International Journal of Gynecology &
Obstetrics 2000;71:119-125.

20 Odibo AO, Riddick C, Pare E, Stamilio DM, Macones GA: Cerebroplacental doppler ratio and
adverse perinatal outcomes in intrauterine growth restriction evaluating the impact of using
gestational age—specific reference values. J Ultrasound Med 2005;24:1223-1228.

21 Gramellini D, Folli MC, Raboni S, Vadora E, Merialdi A: Cerebral-umbilical doppler ratio as a
predictor of adverse perinatal outcome. Obstet Gynecol 1992;79:416-420.

22 Arias F: Fetus-placenta-newborn: Accuracy of the middle-cerebral-to-umbilical-artery
resistance index ratio in the prediction of neonatal outcome in patients at high risk for fetal and
neonatal complications. Am J Obstet Gynecol 1994;171:1541-1545.

23 Devine PA, Bracero LA, Lysikiemcz A, Evans R, Womack S, Byrne DW: Middle cerebral to
umbilical artery doppler ratio in post-date pregnancies. Obstet Gynecol 1994;84:856-860.

24 von EIm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Vandenbroucke JP: The
strengthening the reporting of observational studies in epidemiology (strobe) statement: Guidelines
for reporting observational studies. Prev Med 2007;45:247-251.

25 Moher D, Liberati A, Tetzlaff J, Altman DG: Preferred reporting items for systematic reviews
and meta-analyses: The prisma statement. Ann Intern Med 2009;151:264-269.
26 Triunfo S, Crispi F, Gratacos E, Figueras F: Prediction of delivery of small for gestational age

neonates and adverse perinatal outcomes by feto-placental doppler at 37 weeks’ gestation.
Ultrasound Obstet Gynecol 2016; (Accepted for publication).

27 Maged AM, Abdelhafez A, Mostafa WA, Elsherbiny W: Fetal middle cerebral and umbilical
artery doppler after 40 weeks gestational age. The Journal of Maternal-Fetal & Neonatal Medicine,
2014, Vol27(18), p1880-1885 2014;27:1880-1885.

28 Cruz-Martinez R, Figueras F, Hernandez-Andrade E, Oros D, Gratacos E: Fetal brain doppler
to predict cesarean delivery for nonreassuring fetal status in term small-for-gestational-age fetuses.
Obstet Gynecol 2011;117:618-626.

29 Gupta U, Chandra S, Narula M: Value of middle cerebral artery to umbilical artery ratio by
doppler velocimetry in pregnancies beyond term. The Journal of Obstetrics and Gynecology of India
2006;56:37-40.

30 Lam H, Leung WC, Lee CP, Lao TT: The use of fetal doppler cerebroplacental blood flow and
amniotic fluid volume measurement in the surveillance of postdated pregnancies. Acta Obstet
Gynecol Scand 2005;84:844-848.

31 Figueras F, Lanna M, Palacio M, Zamora L, Puerto B, Coll O, Cararach V, Vanrell JA: Middle
cerebral artery doppler indices at different sites: Prediction of umbilical cord gases in prolonged
pregnancies. Ultrasound Obstet Gynecol 2004;24:529-533.

32 Figueras F, Savchev S, Triunfo S, Crovetto F, Gratacos E: An integrated model with
classification criteria to predict small-for-gestational-age fetuses at risk of adverse perinatal
outcome. Ultrasound Obstet Gynecol 2015;45:279-285.

33 Garcia-Simon R, Figueras F, Savchev S, Fabre E, Gratacos E, Oros D: Cervical condition and
fetal cerebral doppler as determinants of adverse perinatal outcome after labor induction for late-
onset small-for-gestational-age fetuses. Ultrasound Obstet Gynecol 2015;46:713-717.

34 El-Sokkary M, Omran M, Ahmed H: Ratio of middle cerebral artery / umbilical artery doppler
velocimetry and status of newborn in postterm pregnancy. Journal of American Science 2011;7:542-
549.

35 Morales-Roselld J, Khalil A, Ferri-Folch B, Perales-Marin A: Neonatal acid-base status in
fetuses with abnormal vertebro- and cerebro-placental ratios. Fetal Diagn Ther 2015;38:103-112.
36 Ropacka-Lesiak M, Korbelak T, Swider-Musielak J, Breborowicz G: Cerebroplacental ratio in

prediction of adverse perinatal outcome and fetal heart rate disturbances in uncomplicated
pregnancy at 40 weeks and beyond. Archives of Medical Science : AMS 2015;11:142-148.



351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400

37 D' Antonio F, Patel D, Chandrasekharan N, Thilaganathan B, Bhide A: Role of
cerebroplacental ratio for fetal assessment in prolonged pregnancy. Ultrasound Obstet Gynecol
2013;42:196-200.

38 Ropacka-Lesiak M, Breborowicz G, Korbelak T: Hypoxia index in the prediction of abnormal
ctg at delivery in uncomplicated pregnancies. Neuroendocrinology Letters 2013;34:75-80.
39 Murata S, Nakata M, Sumie M, Sugino N: The doppler cerebroplacental ratio predicts non-

reassuring fetal status in intrauterine growth restricted fetuses at term. J Obstet Gynaecol Res
2011;37:1433-1437.

40 Bellido-Gonzalez M, Diaz-Lépez MA, Lépez-Criado S, Maldonado-Lozano J: Cognitive
functioning and academic achievement in children aged 6—8 years, born at term after intrauterine
growth restriction and fetal cerebral redistribution. J Pediatr Psychol 2016;(DOI
10.1093/jpepsy/jsw060).

41 Berkley E, Chauhan SP, Abuhamad A: Doppler assessment of the fetus with intrauterine
growth restriction. Am J Obstet Gynecol 2012;206:300-308.

42 Backe B, Consultant JN: Effectiveness of antenatal care: A population based study. BJOG
1993;100:727-732.

43 Pay ASD, Wiik J, Backe B, Jacobsson B, Strandell A, Klovning A: Symphysis-fundus height
measurement to predict small-for-gestational-age status at birth: A systematic review. BMC
Pregnancy Childbirth 2015;15

44 Sovio U, White IR, Dacey A, Pasupathy D, Smith GCS: Screening for fetal growth restriction
with universal third trimester ultrasonography in nulliparous women in the pregnancy outcome
prediction (pop) study: A prospective cohort study. The Lancet 2015;386:2089-2097.

45 Roma E, Arnau A, Berdala R, Bergos C, Montesinos J, Figueras F: Ultrasound screening for
fetal growth restriction at 36 vs 32 weeks' gestation: A randomized trial ( route. Ultrasound Obstet
Gynecol 2015;46:391-397.

46 Ott WJ: Small for gestational age fetus and neonatal outcome: Reevaluation of the
relationship. Am J Perinatol 1995;12:396-400.

47 Grivell RM, Alfirevic Z, Gyte GML, Devane D: Antenatal cardiotocography for fetal
assessment. Cochrane DB Syst Rev 2015;9:CD007863.

48 Devane D, Lalor JG, Daly S, McGuire W: Cardiotocography versus intermittent auscultation of
fetal heart on admission to labour ward for assessment of fetal wellbeing. Cochrane database of
systematic reviews 2012;2:CD005122.

49 Khunpradit S, Lumbiganon P, Laopaiboon M: Admission tests other than cardiotocography
for fetal assessment during labour. Cochrane database of systematic reviews 2011:CD008410.

50 Nabhan AF, Abdelmoula YA: Amniotic fluid index versus single deepest vertical pocket as a
screening test for preventing adverse pregnancy outcome. Cochrane DB Syst Rev 2008;3:CD006593.
51 Lalor JG, Fawole B, Alfirevic Z, Devane D: Biophysical profile for fetal assessment in high risk
pregnancies. Cochrane Database Syst Rev 2008;1

52 Arbeille P, Roncin A, Berson M, Patat F, Pourcelot L: Exploration of the fetal cerebral blood
flow by duplex doppler—linear array system in normal and pathological pregnancies. Ultrasound
Med Biol 1987;13:329-337.

53 Cruz-Martinez R, Savchev S, Cruz-Lemini M, Mendez A, Gratacos E, Figueras F: Clinical utility
of third-trimester uterine artery doppler in the prediction of brain hemodynamic deterioration and
adverse perinatal outcome in small-for-gestational-age fetuses. Ultrasound Obstet Gynecol
2015;45:273-278.

54 Carberry AE, Raynes-Greenow CH, Turner RM, Jeffery HE: Customized versus population-
based birth weight charts for the detection of neonatal growth and perinatal morbidity in a cross-
sectional study of term neonates. Am J Epidemiol 2013;178:1301-1308.

55 Costantine MM, Lai Y, Bloom SL, Spong CY, Varner MW, Rouse DJ, Ramin SM, Caritis SN,
Peaceman AM, Sorokin Y, Sciscione A, Mercer BM, Thorp JM, Malone FD, Harper M, lams JD:



401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451

Population versus customized fetal growth norms and adverse outcomes in an intrapartum cohort.
Am J Perinatol 2012;30:335-341.

56 Larkin CJ, Hill ML, Speer DP, Simhan NH: Risk of morbid perinatal outcomes in small-for-
gestational-age pregnancies: Customized compared with conventional standards of fetal growth.
Obstet Gynecol 2012;119:21-27.

57 Chard T, Costeloe K, Leaf A: Evidence of growth retardation in neonates of apparently
normal weight. Eur J Obstet Gynecol 1992;45:59-62.
58 Larsen T, Larsen JF, Petersen S, Greisen G: Detection of small-for-gestational-age fetuses by

ultrasound screening in a high risk population: A randomized controlled study. Obstet Gynecol Surv
1993;48:77-79.

59 Kase BA, Carreno CA, Blackwell SC: Customized estimated fetal weight: A novel antenatal
tool to diagnose abnormal fetal growth. Am J Obstet Gynecol 2012;207:218.e211-218.e215.

60 Ebrashy A, Ibrahim M, Waly M, Azmy O, Edris A: Middle cerebral/umbllical artery resistance
index ratio as sensitive parameter for fetal well-being and neonatal outcome in patients with
preeclampsla: Case-control study. Croat Med J 2005;46:821.

61 Flood K, Unterscheider J, Daly S, Geary MP, Kennelly MM, McAuliffe FM, O'Donoghue K,
Hunter A, Morrison JJ, Burke G, Dicker P, Tully EC, Malone FD: The role of brain sparing in the
prediction of adverse outcomes in intrauterine growth restriction: Results of the multicenter porto
study. Am J Obstet Gynecol 2014;211:288.e281-288.e285.

62 Alfirevic Z, Neilson JP: Doppler ultrasonography in high-risk pregnancies: Systematic review
with meta-analysis. Am J Obstet Gynecol 1995;172:1379-1387.

63 Severi FM, Bocchi C, Visentin A, Falco P, Cobellis L, Florio P, Zagonari S, Pilu G: Uterine and
fetal cerebral doppler predict the outcome of third-trimester small-for-gestational age fetuses with
normal umbilical artery doppler. Ultrasound Obstet Gynecol 2002;19:225-228.

64 Khalil AA, Morales-Rosello J, Elsaddig M, Khan N, Papageorghiou A, Bhide A, Thilaganathan
B: The association between fetal doppler and admission to neonatal unit at term. Am J Obstet
Gynecol 2015;213:57.e51-57.e57.

65 Jugovi¢ D, Tumbri J, Medi¢ M, Juki¢ MK, Kurjak A, Arbeille P, Salihagi¢-kadi¢ A: New doppler
index for prediction of perinatal brain damage in growth-restricted and hypoxic fetuses. Ultrasound
Obstet Gynecol 2007;30:303-311.

66 Mula R, Savchev S, Parra M, Arranz A, Botet F, Costas-Moragas C, Gratacos E, Figueras F:
Increased fetal brain perfusion and neonatal neurobehavioral performance in normally grown
fetuses. Fetal Diagn Ther 2013;33:182-188.

67 Roza SJ, Steegers EAP, Verburg BO, Jaddoe VWV, Moll HA, Hofman A, Verhulst FC, Tiemeier
H: What is spared by fetal brain-sparing? Fetal circulatory redistribution and behavioral problems in
the general population. Am J Epidemiol 2008;168:1145-1152.

68 Hilder L, Zhichao Z, Parker M, Jahan S, GM C: Australia’s mothers and babies 2012. Canberra,
Australian Institute for Health and Welfare, 2012, Perinatal statistics series no. 30. Cat. no. PER 69.,

69 DeVore GR: The importance of the cerebroplacental ratio in the evaluation of fetal well-
being in sga and aga fetuses. Am J Obstet Gynecol 2015;213:5-15.

70 Royal College of Obstetricians and Gynaecologists: The investigation and management of the
small-for-gestational-age fetus. Greentop guidelines no.31. London, RCOG, 2014,

71 New Zealand Maternal Fetal Medicine Network: Guideline for the management of suspected

small for gestational age singleton pregnancies after 34 weeks gestation. New Zealand, NZMFMN,
2013,

72 Meher S, Hernandez-Andrade E, Basheer SN, Lees C: Impact of cerebral redistribution on
neurodevelopmental outcome in small-for-gestational-age or growth-restricted babies: A systematic
review. Chichester, UK, 2015, 46, pp 398-404.

73 Akolekar R, Syngelaki A, Gallo DM, Poon LC, Nicolaides KH: Umbilical and fetal middle
cerebral artery doppler at 35—-37 weeks' gestation in the prediction of adverse perinatal outcome.
Ultrasound Obstet Gynecol 2015;46:82-92.



452
453
454
455
456
457
458
459
460
461
462

463

74 Bakalis S, Akolekar R, Gallo DM, Poon LC, Nicolaides KH: Umbilical and fetal middle cerebral
artery doppler at 30—34 weeks' gestation in the prediction of adverse perinatal outcome. Ultrasound
Obstet Gynecol 2015;45:409-420.

75 Rasmussen LG, Lykke JA, Staff AC: Angiogenic biomarkers in pregnancy: Defining maternal
and fetal health. Acta Obstet Gynecol Scand 2015;94:820-832.

76 Benton SJ, McCowan LM, Heazell AEP, Grynspan D, Hutcheon JA, Senger C, Burke O, Chan Y,
Harding JE, Yockell-Lelievre J, Hu Y, Chappell LC, Griffin MJ, Shennan AH, Magee LA, Gruslin A, Von
Dadelszen P: Placental growth factor as a marker of fetal growth restriction caused by placental
dysfunction. Placenta 2016;42:1-8.

77 Bligh LN, Greer RM, Kumar S: The relationship between maternal placental growth factor
levels and intrapartum fetal compromise. Placenta 2016;48:63-67.



Table 2 — Association between low cerebroplacental ratio and obstetric and perinatal outcomes

CPR — cerebroplacental ratio. *-p<0.05. NS — p>0.05. CS-IFC — caesarean for intrapartum fetal compromise. OP-IFC operative delivery for IFC. CS — caesarean. SVD spontaneous vaginal delivery. FHR fetal heart rate. MSL meconium stained
liquor. BW- birthweight. NICU neonatal intensive care unit. CAPO composite adverse perinatal outcome.<5™ centile. <10™ centile. MoM Multiples of the median. ® - 0.8095 MoM. °.0.98.
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Table 3 — Predictive values of cerebroplacental ratio taken from 37+0 weeks gestational age

CS-IFC caesarean for intrapartum fetal compromise. FHR fetal heart rate. MSL meconium stained liquor. NICU neonatal intensive care admission. CAPO

composite adverse perinatal outcome. CPR — cerebroplacental ratio. MoM multiples of median. <10™ centile. <5 centile. PPV positive predictive value. NPV
negative predictive value. OD odds ratio. RR relative risk. LR likelihood ratio. DR detection rate. (95% Cl) 95% confidence interval. aOR adjusted odds ratio.

AUROC area under receiver operator characteristic curve.
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Table 1 — Study characteristics

AO adverse outcome. GA gestational age. CPR cerebroplacental ratio. Y Yes. P prospective. AGA appropriately grown. Pl Pulsatility Index. <5™ centile. <10™ centile. R Retrospective. IUGR — Intrauterine growth restricted. SGA small for gestational
age. NR not reported. LGA large for gestational age. MoM multiples of the median. ° - 0.8095 MoM. Rl resistance index. ®_0.98 MoM.
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Figure 1 — Selection of studies
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Highlights

e The cerebroplacental ratio (CPR) assesses both fetal and placental circulation
e Low CPR at term is associated with adverse obstetric and perinatal outcomes
e Predictive utility is inadequate as a stand-alone antenatal screening tool at term



