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Abstract
Introduction: To explore the strength of association and the diagnostic accuracy of
umbilical (UA), middle cerebral (MCA), uterine arteries pulsatility index (PI) and the
cerebroplacental ratio in predicting an adverse outcome when applied to singleton
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pregnancies at term.
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were consecutive singleton pregnancies between 36+0 and 37+6 weeks of gestation.
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Material and methods: Prospective study carried out in a dedicated research ultra‐
sound clinic. Attended clinicians were blinded to Doppler findings. Inclusion criteria
The primary outcome was a composite score of adverse perinatal outcome. Logistic
regression and ROC curve analyses were used to analyze the data.
Results: In all, 600 consecutive singleton pregnancies from 36 weeks of gestation
were included in the study. Mean MCA PI (1.1 ± 0.2 vs 1.5 ± 0.4, P < 0.001) and
cerebroplacental ratio (1.4 ± 0.4 vs 1.9 ± 0.6, P < 0.001) were lower, whereas uterine
arteries PI (0.8 ± 0.2 vs 0.7 ± 0.3, P = 0.001) was higher in pregnancies experiencing
than in those not experiencing composite adverse outcome. Conversely, there was
no difference in either UA PI (P = 0.399) or estimated fetal weight centile (P = 0.712)
between the two groups, but AC centile was lower in fetuses experiencing compos‐
ite adverse outcome (45.4 vs 53.2, P = 0.040). At logistic regression analysis, MCA
PI (odds ratio [OR] 0.1, 95% CI 0.01‐0.2, P = 0.001), uterine arteries PI (OR 1.4, 95%
CI 1.2‐1.6, P = 0.001), abdominal circumference centile (OR 1.12, 95% CI 1.1‐1.4,
P = 0.001) and gestational age at birth (OR 1.6, 95% CI 1.2‐2.1, P = 0.004) were inde‐
pendently associated with composite adverse outcome. Despite this, the diagnostic
accuracy of Doppler in predicting adverse pregnancy outcome at term was poor.
Conclusions: MCA PI and cerebroplacental ratio are associated with adverse perina‐
tal outcome at term. However, their predictive accuracy for perinatal compromise is
poor, and thus their use as standalone screening test for adverse perinatal outcome
in singleton pregnancies at term is not supported.

Abbreviations: CI, confidence interval; CPR, cerebroplacental ratio; MCA, middle cerebral artery; MoM, multiple of the medians; OR, odds ratio; PI, pulsatility index; SGA, small for
gestational age; UA, umbilical artery.
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1 | I NTRO D U C TI O N
Prediction of perinatal compromise in pregnancies close to or at
term is challenging. Impendence to blood flow in the umbilical artery
(UA), which reflects the magnitude of impaired placental function
in fetuses affected by early placental insufficiency, is common in
pregnancies beyond 34 weeks of gestation, thus making it impos‐
sible objectively to identify those fetuses at higher risk of chronic
1-4

hypoxemia and adverse perinatal outcome.

Small for gestational

Key message
The findings from this study do not support the use of ei‐
ther umbilical artery, middle cerebral artery, uterine arteries
or cerebroplacental ratio as a standalone screening test for
perinatal compromise in uncomplicated pregnancies at term,
unless a specific indication, such as small for gestational age,
is provided.

age (SGA) has been used a proxy of fetal growth restriction and im‐
paired placental function. However, not all SGA fetuses are growth‐
restricted and the diagnostic accuracy of SGA alone in predicting
perinatal outcome at term is poor.5-7

The primary outcome was a composite adverse perinatal out‐
come including either:

Reduced impendence to blood flow in the middle cerebral artery
has been shown to identify a sub‐set of small fetuses at higher risk of

• An adverse intrapartum outcome, defined as the occurrence of

short‐ and long‐term adverse outcome, such as abnormal acid‐base

either instrumental delivery or emergency cesarean section for

status, need for cesarean section (CS) and impaired cognitive func‐

fetal distress or non‐reassuring fetal status, defined as the pres‐

tion.

8,9

More recently, the cerebroplacental ratio, a ratio between

ence of suspicious or pathological cardiotocography tracings ac‐

the middle cerebral artery (MCA) and UA pulsatility index (PI), has

cording to the FIGO consensus guidelines on cardiotocography

been proposed as a reliable proxy of impaired placental function,

interpretation. 22

irrespective of fetal weight, suggesting its usefulness as a screening
10-16

• Abnormal acid‐base status, defined as the presence of arterial
cord pH <7.15 and a base excess of <11 mEq/L. 23

test for perinatal compromise.

Despite this, the actual role of Doppler ultrasound in predict‐
ing perinatal outcome in pregnancies at term remains to be ascer‐

The Doppler parameters explored were:

tained as well as whether such assessment should be undertaken
in the general population as a screening tool for perinatal compro‐

• UA pulsatility index (PI)

mise. The large majority of these studies are retrospective and come

• MCA PI

from countries where third trimester ultrasound is not routinely

• Uterine artery PI

performed, thus potentially including cases at high‐risk of perinatal

• CPR, defined as MCA PI divided UA PI

11,17-19

compromise.

The primary aim of this study was to explore the strength of

Gestational age was defined according to the crown‐rump length

association between Doppler ultrasound and perinatal outcome in

during the first trimester ultrasound scan. All the examinations were

singleton pregnancies at term; the secondary aim was to elucidate

carried out in a dedicated ultrasound research clinic and clinicians in

its predictive accuracy as a screening test for perinatal morbidity.

the delivery suite were blinded to the ultrasound findings. All women
underwent induction of labor at 41+6/7 if spontaneous onset of labor
did not occur.

2 | M ATE R I A L A N D M E TH O DS

Pulsed Doppler parameters were performed automatically
from three or more consecutive waveforms using a Samsung HS40

This prospective study was carried out in a dedicated research ultra‐

(Samsung Healthcare, Italy) ultrasound machine equipped with a

sound clinic in a single tertiary referral center (University Hospital of

3.5 MHz convex probe, during fetal quiescence, in the absence of

Chieti, Italy) over a 1‐year period from January to December 2017.

fetal tachycardia, with the insonation angle kept as close to 0° as

Inclusion criteria were consecutive singleton pregnancies between

possible. MCA was examined at the point at which it passes the

36+0 and 37+6 weeks of gestation. Exclusion criteria were multi‐

sphenoid wing, close to the circle of Willis, and the UA was ex‐

ple gestations, pregnancies affected by structural or chromosomal

amined at a free loop of the umbilical cord. To record the uterine

anomalies, maternal medical complications or drugs intake and ab‐

artery Doppler, the transducer was placed over the iliac fossa and

th

normal Doppler waveform in the UA, defined as PI > 95 or absent/

the course of the uterine arteries was followed from the lateral

end diastolic flow. 20 All women were pre‐screened at 28‐32 weeks

pelvic wall across external iliac artery using color Doppler. Pulsed

of gestation to rule out signs of early fetal growth restriction.

Doppler was then applied 1 cm medial to the crossover point.

44

|

D'ANTONIO et al.

When three similar consecutive waveforms were obtained, the PI

33.1 ± 5.2 years, and mean maternal body mass index 27.6 ± 4.7.

was measured, and the mean value of the left and right uterine

All included women were caucasian, and the incidence of smoking

artery PI calculated. 21

either before or during pregnancy and assisted reproductive tech‐

Continuous variables were presented as medians with interquar‐

nology pregnancies was 5.0 and 2.7%, respectively. Of the included

tile ranges, and categorical variables as numbers and percentages.
The distribution assumptions were tested with Shapiro‐Wilk test.
The group comparison of the variables was performed using t‐test,
Mann Whitney U test or Chi square test where appropriate. We first
examined potential differences in maternal, ultrasound and neo‐
natal parameters in pregnancies complicated by adverse perinatal

TA B L E 1

General characteristics of the study population

Variables

All pregnancies
(n = 600)

Antenatal variables

outcome compared with those not complicated. The potential inde‐

Mean age in years (SD)

33.1 (5.2)

pendent predictors of the risk of the primary outcome of the study

Mean body mass index (SD)

27.6 (4.7)

were then evaluated using binary logistic regression. All covariates

Median parity (IQR)

were included a priori in the final model. The goodness‐of‐fit was

Nulliparity, %

checked using Hosmer‐Lemeshow test, and the predictive accuracy
assessed through C‐statistics (area under the receiving operator
curve). 24 Standard post‐estimation tests were used to check the final
model validity, performing multicollinearity and influential observa‐
tion analyses (using standardized residuals, change in Pearson and
deviance chi square). There were no missing values and therefore

Multiparity, %

0.0 (0‐1.0)
57.5 (345)
9.7 (58)

Previous miscarriage, %

24.8 (149)

Caucasian ethnicity, %

100 (600)

Current smoking, %

5.0 (30)

Assisted reproductive technique, %

2.8 (17)

no missing imputation technique was adopted. All the analyses ad‐

Prenatal ultrasound and Doppler variables

justed for parity, ethnicity, gestational age at ultrasound evaluation

Mean gestational age at ultrasound in
weeks (SD)

37.1 (0.4)

Mean UA PI (SD)

0.85 (0.17)

parameters for the risk of adverse perinatal outcome receiver op‐

Mean MCA PI (SD)

1.30 (0.28)

erating characteristic curve (ROC) analysis and reporting the area

Mean CPR (SD)

1.60 (0.49)

and birthweight.
Finally, we assessed the predictive accuracy of different Doppler

under the curve (AUC) for each Doppler parameter explored.

25,26

According to the previously published literature, the incidence
of composite adverse outcome among unselected, low‐risk pregnan‐
cies has been reported to be 18%. 27 Based upon these data, and as‐

Mean uterine artery PI (SD)

0.78 (0.20)

Median fetal weight centile (IQR)

55.6 (36.5‐78.9)

Median abdomen circumference centile
(IQR)

49.3 (27.6‐71.9)

suming: (1) a sensitivity and a specificity of CPR to detect composite

Intrapartum variables

outcome of 45 and 75%, respectively, and (2) an alpha‐error of 0.05,

Vaginal delivery, %

64.7 (388)

Cesarean section, %

35.3 (212)

a minimum of 540 women would be required to achieve a 80% sta‐
tistical power to detect an increase in the values of sensitivity and
specificity ≥10%. To be conservative, we enrolled 600 women.
The statistical significance was defined as a two‐sided P <0.05,
and all analyses were carried out using STAT DIRECT, version 13.1
(Stata Corp., College Station, Texas, USA) and SPSS version 24 (SPSS
Inc., Chicago, IL, USA).

2.1 | Ethical approval
The study was approved by the local IRB (November 2016, Approval
number: rich5j7v9). STARD guidelines for studies on diagnostic ac‐

Neonatal variables
Mean gestational age at birth in weeks
(SD)
Male gender, %
Mean birthweight in grams (SD)

39.3 (1.1)
53.0 (318)
3342 (393)

Mean length at birth in cm (SD)

50.0 (1.8)

Mean head circumference in cm (SD)

34.5 (1.4)

Apgar at 1 min ≥7, %

96.5 (579)

Apgar at 5 min ≥7, %

99.7 (598)

Arterial mean pH (SD)

7.26 (0.11)

curacy were followed. 21 Written informed consent was obtained

Arterial mean base excess (mEq/L) (SD)

from the women recruited on the study.

Mean glucose levels (mg/dL) (SD)

69.4 (16.5)

Median lactate concentration (mmol/L)
(IQR)

3.26 (2.2‐4.6)

Median birthweight centile (IQR)

53.5 (27.9‐68.8)

Median neonatal length centile (IQR)

61.0 (38.2‐85.1)

Median head circumference centile (IQR)

68.0 (28‐8‐88.1)

3 | R E S U LT S
In all, 600 consecutive singleton pregnancies from 36 weeks of
gestation were included in the study. General characteristics of the
included cohort are reported in Table 1. Mean maternal age was

–5.81 (3.10)

Abbreviations: CPR, cerebroplacental ratio; IQR, interquartile range;
MCA, middle cerebral artery; PI, pulsatility index; UA, umbilical artery.
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TA B L E 2 Comparison between
the different Doppler parameters in
fetuses experiencing compared to those
not experiencing composite perinatal
morbidity, adverse intrapartum outcome
and abnormal acid base status

Composite adverse
outcome (n = 63)
Mean UA PI (SD)

0.84 (0.16)

Mean MCA PI (SD)
Mean CPR (SD)
Mean uterine artery PI (SD)
Median fetal weight centile (IQR)
Median AC centile (IQR)

No composite adverse
outcome (n = 537)

45

P value

0.86 (0.18)

0.399

1.09 (0.19)

1.51 (0.36)

<0.001

1.35 (0.39)

1.85 (0.58)

<0.001

0.83 (0.16)

0.73 (0.23)

0.001

52.61 (28.5)

58.62 (33.9)

0.712

45.4 (29.0)

53.2 (38.4)

0.040

Note: Student's t test was used for normally distributed continuous variables and Kruskal‐Wallis
test for non‐normally distributed continuous variables.
Abbreviations: CPR, cerebroplacental ratio; IQR, interquartile range; MCA, middle cerebral artery;
PI, pulsatility index; UA, umbilical artery.

population, 64.7% had a spontaneous vaginal delivery and 35.3% un‐

when translating these results into a prediction model, Doppler

derwent CS. Mean gestational age at delivery was 39.3 ± 1.1 weeks.

ultrasound showed a poor diagnostic accuracy for the detection of

The corresponding figures for mean neonatal weight and length cen‐

adverse outcome.

tiles were 53.5 and 61.0, respectively. No stillbirth occurred in the

The prospective design, blinded ultrasound assessment and in‐

present cohort. Adverse intrapartum outcome and abnormal acid

clusion of consecutive pregnancies represent the main strengths of

base‐status occurred in 9.5% (95% confidence interval [CI] 7.3‐12.1;

this study. Furthermore, the study was conducted in a region where

57/600) and 3.2% (95% CI 1.9‐4.9; 19/600) of cases. Overall, compos‐

third trimester ultrasound was routinely offered to all pregnant

ite adverse outcome complicated 10.5% (95% CI 8.1‐13.2, 63/600) of

women. The relatively small sample size of the study represents the

pregnancies and 13 fetuses experienced both the adverse outcomes

major limitation of the study, although the analysis was powered for

explored.

the primary outcome. Furthermore, we could not assess the role of

When exploring the differences in the different Doppler parameters,
mean MCA PI (1.1 ± 0.2 vs 1.5 ± 0.4, P < 0.001) and CPR (1.4 ± 0.4 vs 1.9 ±

Doppler in detecting more relevant but rare outcomes such as fetal
death.

0.6, P < 0.001) were lower, whereas uterine artery PI (0.8 ± 0.2 vs 0.7 ±0.2,

Identification of pregnancies at higher risk of perinatal compro‐

P = 0.001) was higher in pregnancies experiencing than those not expe‐

mise close to or at term is challenging. UA alone is not able fully to

riencing composite adverse outcomes (Table 2). Conversely, there was

discriminate fetuses at higher risk of perinatal compromise at term

no difference in either UA PI (P = 0.399) or estimated fetal weight centile

and is common even in pregnancies complicated by fetal growth re‐

(P = 0.712) between the two groups, but AC centile was lower in fetuses ex‐

striction in the late third trimester. In pregnancies complicated by

periencing composite adverse outcome (45.4 vs 53.2, P = 0.040) (Table 2).

late fetal growth restriction, a low PI in the MCA has been shown to

At logistic regression analysis, MCA PI (odds ratio [OR] 0.1, 95%

carry an additional risk of adverse outcome. 28-33

CI 0.01‐0.2, P = 0.001), uterine arteries PI (OR 1.4, 95% CI 1.2‐1.6,

More recently, CPR has been suggested to be a reliable predic‐

P = 0.001), abdominal circumference centile (OR 1.12, 95% CI 1.1‐1.4,

tor of adverse perinatal outcome irrespective of fetal weight, thus

P = 0.001) and gestational age at birth (OR 1.6, 95% CI 1.2‐2.1,

questioning its role as a screening test for perinatal compromise.

P = 0.004) were independently associated with composite adverse out‐

Prior et al17 reported that fetuses with CPR <0.6765 multiple of the

come (Table S1).

medians (MoM) were significantly more likely to require cesarean

Finally, we explored the diagnostic performance of the different

delivery because of presumed fetal compromise and were also at in‐

Doppler parameters in predicting adverse perinatal outcome. UA

creased risk of compromise at any time during labor compared with

PI, MCA PI, CPR and uterine arteries had a low AUC of 0.51 (95%

those with CPR ≥ 0.6765 MoM, and Khalil et al10 showed that the

CI 0.44‐0.50), 0.57 (95% CI 0.50‐0.63), 0.55 (95% CI 0.49‐0.61) and
0.57 (95% CI 0.51‐0.63) in predicting composite adverse outcome
(Table 3, Figure 1).

4 | D I S CU S S I O N

TA B L E 3 Area under the curve analysis of different Doppler
parameters in predicting composite adverse outcome in singleton
pregnancies at term
AUC
Mean UA PI (SD)

0.505 (0.44‐0.50)

The findings from this study show that mean MCA PI and CPR were

Mean MCA PI (SD)

0.566 (0.50‐0.63)

lower, and uterine artery PI was higher in singleton pregnancies ex‐

Mean CPR (SD)

0.549 (0.49‐0.61)

periencing a composite adverse outcome at term. MCA and uterine

Mean uterine artery PI (SD)

0.570 (0.51‐0.63)

artery PI were independently associated with perinatal outcome ir‐
respective of fetal weight at logistic regression analysis. However,

Abbreviations: CPR, cerebroplacental ratio; MCA, middle cerebral
artery; PI, pulsatility index; UA, umbilical artery.
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Further large studies are needed to confirm these findings and as‐
certain whether integrating different maternal, fetal and pregnancy
characteristics can improve the diagnostic accuracy of Doppler in
predicting perinatal compromise in singleton pregnancies at term.
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rates of operative delivery for presumed fetal compromise were sig‐
nificantly higher for appropriate‐for‐gestational age fetuses with low
CPR MoM (22.3%) compared with small‐for gestational‐age fetuses
with normal CPR MoM (17.3%).
Despite this, the actual role of CPR in predicting perinatal out‐
come remains controversial; the large heterogeneity in inclusion cri‐
teria, gestational age at assessment and outcomes observed among
the previously published studies do not allow the extrapolation of
robust evidence on the prognostic value of CPR, thus suggesting
caution in its use in clinical practice.34
In the present study, despite being associated, MCA and CPR
were not predictive of adverse outcome when applied to pregnan‐
cies from 36 weeks of gestation; thus their use as a screening test
for adverse pregnancy outcome is not supported, although the study
was not powered for the detection of rare outcomes, such as fetal
death.

5 | CO N C LU S I O N
A low MCA and CPR are associated with adverse perinatal outcome
in singleton pregnancies at term. Despite this, their diagnostic ac‐
curacy is poor, and therefore do not support their use as screening
tests for perinatal compromise at term, unless a specific indication,
such as SGA, is present.
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