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ABSTRACT

Objective To determine whether small- and appropriate-
for-gestational-age (SGA and AGA) term fetuses with a
low cerebroplacental ratio (CPR) have worse neonatal
acid–base status than those with normal CPR.

Methods This was a retrospective study of 2927 term
fetuses divided into groups according to birth-weight
centile and CPR multiple of the median. The acid–base
status at birth as determined by arterial and venous
umbilical cord blood pH was compared between
weight-centile groups with and without low CPR.

Results CPR was better correlated with umbilical cord
blood pH (arterial pH, r2 = 0.008, P < 0.0001 and venous
pH, r2 = 0.01, P < 0.0001) than was birth weight (arterial
pH, r2 = 0.001, P =0.180 and venous pH, r2 = 0.005,
P < 0.001). AGA fetuses with low CPR were more
acidemic than were those with normal CPR (P = 0.0359
and 0.0006, respectively, for arterial and venous pH).

Conclusions The findings of this study demonstrate that
low CPR in AGA fetuses is an equally important marker
of low neonatal pH secondary to placental underperfusion
as is being SGA. Although the relative importance of low
CPR and birth weight in identifying pregnancies at risk
of placental hypoxemia and adverse fetal and neonatal
outcome remains to be determined, this finding may be
of particular value in the prediction and prevention of
stillbirth and long-term neurodevelopmental disability.
Copyright © 2014 ISUOG. Published by John Wiley &
Sons Ltd.
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INTRODUCTION

Term fetuses with birth weight above the 10th centile
are labeled appropriate for gestational age (AGA) and
considered to be healthy1–3. However, it is generally
accepted that some of these AGA fetuses suffer from
placental insufficiency and fail to reach their genetic
growth potential4–6. Calculation of estimated fetal weight
centiles using either population-specific or customized
charts has proved to be ineffective in prospectively
identifying these AGA fetuses, which are at increased
risk of adverse pregnancy outcome7–9. An alternative
approach is the use of the cerebroplacental ratio (CPR) to
suggest placental insufficiency and failure to reach their
growth potential, regardless of their absolute birth-weight
centile4. If the use of CPR at term improves fetal
surveillance, then low CPR might be able to indicate
which AGA fetuses would present with a higher risk of
adverse outcome. The main aim of this study was to
evaluate to what extent arterial and venous umbilical
cord blood pH at birth is associated with birth weight
and fetal CPR.

METHODS

This was a retrospective cohort study performed in two
tertiary centers, including singleton term fetuses that
had an ultrasound scan within 14 days of delivery. The
umbilical (UA) and fetal middle cerebral (MCA) arteries
were examined using color Doppler ultrasound according
to a standard protocol10,11, and CPR was calculated as
the ratio between the MCA and UA pulsatility indices12.
Only the last examination per fetus was included.
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Ultrasound examinations were performed with Voluson
E8/E6/730 ultrasound machines (GE Medical Systems,
Zipf, Austria) using 2–8-MHz convex probes, during
fetal quiescence, in the absence of fetal tachycardia and
keeping the insonation angle with respect to the examined
vessels as small as possible. Gestational age (GA) was
determined according to first-trimester crown–rump
length. Pregnancies complicated by congenital fetal
abnormalities or stillbirth were excluded.

Birth weights were converted into centiles using the
method described by Yudkin et al.13, and CPR values
were converted into multiples of the median (MoM),
correcting for GA. CPR medians (50th percentile) were
those used in a recent study4 and were represented by the
equation:

CPR 50th percentile = –1.3841 + (0.22659 × GA) −
(0.003743 × GA2), where GA is in weeks.

A pregnancy with a fetal CPR below 0.6765 MoM was
considered more likely to have placental insufficiency4.
We used this threshold together with birth weight to
classify fetuses into small-for-gestational-age (SGA),
AGA and large-for-gestational-age (LGA), with their
homonymous subgroups with normal and abnormal CPR.
LGA was defined as birth weight >90th percentile, SGA
was defined as birth weight <10th percentile and AGA
was defined as birth weight between the 10th and 90th

percentiles.
The acid–base status represented by the arterial and

venous umbilical cord pH obtained at birth was cor-
related with CPR and birth weight using scattergrams,
calculating the correlation coefficient r2 and P-value.
Subsequently, arterial and venous pH were compared

between the subgroups with and without low CPR
using the Mann–Whitney U-test. The pH measure-
ments were obtained using Radiometer ABL80-FLEX
and ABL800-FLEX pH meters (Radiometer Medical ApS,
Åkandevej 21, DK-2700, Brønshøj, Denmark). Statis-
tical analysis was carried out and graphs were con-
structed using the software GraphPad Prism® version
5a, for Apple Macintosh (GraphPad Software Inc., San
Diego, CA, USA) and R-software® version 3.1.0 (Insti-
tute for Statistics and Mathematics of WU, Wirtschaft-
suniversität Wien). Statistical significance was set at
P < 0.05.

RESULTS

The study included 2927 pregnancies, of which 1580
(54%) were male and 1347 (46%) female. The mean
maternal age was 31.1 ± 5.5 (range, 14–52) years
and the mean birth weight was 3471 ± 533 (range,
1645–5730) g. The mean GA at ultrasound examination
was 40.2 ± 1.3 (range, 37–41.9) weeks, and at delivery it
was 40.9 ± 1.2 (range, 37–43.3) weeks. The mean interval
between ultrasound and delivery was 5.1 ± 3.5 (range,
0–14) days.

There was a significant correlation between birth
weight and venous-blood pH (r2 = 0.005, P < 0.001),
but not between birth weight and arterial-blood pH
(Figure 1a; r2 = 0.001, P = 0.180). CPR was significantly
correlated with both arterial-blood and venous-blood
pH (Figure 1b; r2 = 0.008, P < 0.0001 and r2 = 0.01,
P < 0.0001, respectively). For all these associations, the
best fit was achieved using linear regression. For the
association between birth weight and CPR, the best fit
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Figure 1 Scattergrams for 2927 term fetuses of umbilical cord arterial-blood pH at birth against: (a) birth weight (r2 = 0.001, P = 0.180) and
(b) cerebroplacental ratio multiples of the median (CPR-MoM); (r2 = 0.008, P < 0.0001). Solid lines represent best fit with linear regression;
dashed lines are 95% CIs.
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Figure 2 Scattergram for 2927 term fetuses of cerebroplacental
ratio multiples of the median (CPR-MoM) against birth weight
(r2 = 0.037, P < 0.001). Solid line represents best fit with linear
regression; dashed lines are 95% CI.

was achieved using spline regression (Figure S1; r2 = 0.05,
P < 0.0001), which showed a slightly higher r2 than did
linear regression (r2 = 0.037, P < 0.001; Figure 2). The
AGA and LGA subgroups with normal CPR had higher
arterial- and venous-blood pH than did their respective
subgroups with low CPR (Figure 3). These differences in
umbilical cord pH were statistically significant in AGA
fetuses for both arterial and venous pH (P = 0.0359,
P = 0.0006, respectively), but not for LGA fetuses
(P = 0.052 and P = 0.057, respectively). No significant
differences were found in the SGA subgroups with
and without abnormal CPR (P = 0.319 and P = 0.198,
respectively).

Comparison of groups according to the different
classifications of birth weight or CPR are shown in
Figure 4 and Table 1.
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Figure 4 Scattergram showing distribution of 2927 fetuses
according to birth weight and cerebroplacental ratio multiples of
the median (CPR-MoM). Group 1, small-for-gestational-age (SGA)
fetuses with abnormal CPR; Group 2, appropriate-for-gestational-
age (AGA) and large-for-gestational-age (LGA) fetuses with
abnormal CPR; Group 3, SGA fetuses with normal CPR; Group 4,
AGA and LGA fetuses with normal CPR. FRGP, failure to reach
growth potential (i.e. abnormal CPR).

DISCUSSION

The main finding of this study demonstrates that just
before term birth, fetal CPR is better correlated with
umbilical cord blood pH than is birth weight, and that
AGA fetuses with low CPR present with significantly
lower neonatal pH than do AGA fetuses with normal CPR.

The fact that fetal CPR correlates with pH better than
does birth weight is a novel finding. Previous studies have
investigated the importance of fetal Doppler indices before
birth and suggested that fetuses with lower impedance in
the MCA or low CPR are at increased risk of adverse
pregnancy outcome14,15. These studies assessed CPR as
a continuous rather than as a categorical variable to
diagnose placental insufficiency, although they did not
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Figure 3 Mean (with 95% CI) arterial-blood pH in small-for-gestational-age (SGA) (a), appropriate-for-gestational-age (AGA) (b) and
large-for-gestational-age (LGA) (c) fetuses, with and without abnormal cerebroplacental ratio (i.e. failure to reach growth potential (FRGP)).
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Table 1 Arterial-blood* and venous-blood† pH among birth-weight centile and cerebroplacental ratio (CPR) groups for 2927 pregnancies
(as shown in Figure 4)

Group 1 (n = 92) Group 2 (n = 192) Group 3 (n = 312) Group 4 (n = 2331)

Group 1 — P = 0.403† P = 0.165† P < 0.001†
Group 2 P = 0.704* — P = 0.436† P < 0.001†
Group 3 P = 0.420* P = 0.492* — P < 0.001†
Group 4 P = 0.032* P = 0.012* P = 0.074* —

Group 1, SGA–low CPR; Group 2, AGA–low CPR; Group 3, SGA–normal CPR; Group 4, AGA–normal CPR. Only comparisons with
Group 4 were statistically significant. Comparison of Groups 1 + 2 (abnormal CPR fetuses, hemodynamic model) with Groups 1 + 3
(SGA fetuses, birth-weight model) was not statistically significant for either venous- or arterial-blood pH (P = 0.456 and P = 0.443,
respectively). AGA, appropriate for gestational age; SGA, small for gestational age.

directly compare CPR with birth weight in this evaluation.
Other studies have concluded that abnormal Doppler
impedance in the MCA, in isolation or combined with
abnormal UA Doppler indices, was a risk factor for low
cord pH at birth and abnormal postnatal neurobehavioral
performance in childhood16–18. These findings are in
accordance with those of the current study, which also
demonstrates that fetal Doppler indices (namely low CPR)
are capable of identifying term AGA pregnancies at the
same risk as SGA term neonates for acidemia secondary
to placental insufficiency.

Current definitions of AGA and SGA are based on
fetal weight population models, which do not take
into account fetal Doppler changes indicative of fetal
hypoxemia. Even though different weight thresholds and
customized charts have been applied, these birth-weight
centile models perform relatively poorly in identifying
fetuses at risk of adverse outcome at term7–9,19–25. In
contrast, the use of birth-weight models in placental
insufficiency of preterm onset has good predictive
ability26. Small preterm fetuses have lower metabolic
demands and may survive for many weeks after the
onset of placental insufficiency, thereby permitting a
clinically recognizable fall across birth-weight centiles
as the pregnancy progresses. Importantly, these babies
also demonstrate characteristic changes in MCA and UA
Doppler impedances that are directly related to their
perinatal mortality and morbidity26–28. The onset of
placental insufficiency near term, in general precludes
the development of an SGA fetus, as the baby has usually
already attained a good weight. Furthermore, the time
lag between the onset of term placental insufficiency and
either delivery or demise is inevitably short, making a fall
across weight centiles unlikely.

It is important to acknowledge that even term
fetuses should demonstrate classical Doppler-detectable
hemodynamic changes characteristic of fetal hypoxemia
secondary to placental insufficiency. However, to date, the
use of fetal Doppler reference ranges that included AGA
cases affected by placental insufficiency has hindered the
recognition of these compromised fetuses. In the absence
of fetal Doppler reference standards, which are difficult to
construct, the use of an ‘optimal CPR’ standard of 0.6765
MoM based on fetuses with birth weight > 90th centile for
GA has been proposed for the identification of placental
insufficiency, fetal hypoxemia and failure to reach growth

potential4. The data of this study support the assertion
that CPR may be just as good at predicting AGA fetuses
at risk of compromise as it is at predicting SGA fetuses at
risk. Previous studies have demonstrated that the presence
of abnormal MCA Doppler indices (with or without
abnormal UA Doppler) in SGA is a risk factor for low
cord pH at birth16,29–33. Our results indicate that this risk
is also present in AGA fetuses with low CPR, presumably
as a consequence of placental insufficiency and fetal
hypoxemia.

Importantly, pH differences in SGA fetuses with normal
and abnormal CPR were found not to be significant. It
seems that small fetuses tend to present with lower pH at
birth, independently of their CPR status, most probably
owing to the scarcity of metabolic reserves needed to
overcome the stress of labor34. This finding is in line
with earlier work indicating that SGA fetuses per se
and independently of fetal Doppler indices are at risk
of adverse outcome35–38. Another intriguing finding of
this study is the stronger association of both birth weight
and CPR with umbilical cord venous-blood pH compared
with that of arterial-blood pH. Venous pH measurements
reflect metabolism and O2/CO2 exchange in the placenta,
while arterial pH values represent acid–base metabolism
and O2/CO2 exchange in fetal tissues. Although low
arterial pH is the better indicator of neonatal outcome, it
is logical to suppose that in this mainly healthy cohort of
pregnancies, venous pH is a better reflection of placental
underperfusion39,40.

As a retrospective cohort study, this analysis is prone to
the biases of data collection. However, this limitation
is mitigated to a certain extent by the size of the
population studied and the prospective data collection
of fetal Doppler indices and umbilical cord blood pH.
Furthermore, local protocols indicated delivery on the
basis of fetal size but not CPR, favoring an unbiased
assessment of the relationship between the latter and
umbilical cord blood pH. Even though umbilical cord
blood pH at birth is likely to be influenced by multiple
maternal characteristics and intrapartum confounders,
these should not have a disproportionate effect on the
influence of either birth weight or CPR on cord pH. Thus,
we feel that the study findings and subsequent discussion
make a worthwhile contribution to this area of research.

Low birth weight and being SGA are well established
risk factors for low neonatal pH as a consequence
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of placental insufficiency. The findings of this study
demonstrate that low CPR in AGA fetuses is an
equally important marker of low neonatal pH secondary
to placental underperfusion. This finding may be of
value in risk assessment for stillbirth at term and
long-term neurodevelopmental disability. However, the
relative importance of low CPR and birth weight in
identifying pregnancies at risk of placental hypoxemia
and adverse fetal and neonatal outcomes remains to be
determined.
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

Figure S1 Scattergram showing cerebroplacental ratio multiples of the median (MoM) plotted against birth
weight. In this case correlation (in red) was performed using spline regression; r2 = 0.05, P < 0.0001.
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