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Abstract

Resumo

Objective: To evaluate the resistive indices (RIs) of the fetal umbilical and middle cerebral arteries, as well as to determine the 
cerebroplacental ratio (CPR), in fetuses of women with hypertension.
Materials and Methods: This was a comparative cross-sectional study involving 75 pregnant women with pregnancy-induced 
hypertension (PIH) and 75 apparently healthy pregnant women (control group), all of whom were submitted to Doppler ultrasound 
examination of the fetal middle cerebral and umbilical arteries between 20 and 40 weeks of gestation. The two groups were 
compared in terms of the RI of the middle cerebral and umbilical arteries, as well as the CPR. The level of statistical significance 
was set at p ≤ 0.05.
Results: The mean age was 32.4 ± 4.6 years in the PIH group and 32.6 ± 4.6 years in the control group (p = 0.633). The mean 
umbilical artery RI was significantly higher in the PIH group than in the control group (0.67 ± 0.14 vs. 0.61 ± 0.08; p = 0.012), 
whereas the mean middle cerebral artery RI was significantly higher in the control group (0.80 ± 0.05 vs. 0.76 ± 0.08; p = 0.001). 
Among the women in the PIH group, the mean CPR was significantly lower for those with proteinuria than for those without (1.07 
± 0.26 vs. 1.27 ± 0.22; p = 0.001).
Conclusion: Maternal hypertension during pregnancy appears to be associated with increased fetal umbilical artery RI and re-
duced fetal middle cerebral artery RI, as well as with a low CPR. In pregnant women, the combination of PIH and proteinuria is also 
apparently associated with an increased risk of a low CPR.

Keywords: Hypertension; Proteinuria; Ultrasonography, Doppler; Vascular resistance; Placenta/physiology; Pregnancy.

Objetivo: Avaliar os índices de resistência (IRs) das artérias umbilical e cerebral média fetais, bem como determinar a relação 
cerebroplacentária (RCP), em fetos de mulheres com hipertensão.
Materiais e Métodos: Este é um estudo transversal comparativo envolvendo 75 gestantes com hipertensão induzida pela gra-
videz (HIG) e 75 gestantes aparentemente saudáveis (grupo controle), todas submetidas a exame de ultrassonografia Doppler 
das artérias umbilical e cerebral média fetais entre 20 e 40 semanas de gestação. Os dois grupos foram comparados quanto ao 
IR das artérias cerebral média e umbilical, assim quanto à RCP. O nível de significância estatística foi estabelecido em p ≤ 0,05.
Resultados: A média de idade foi de 32,4 ± 4,6 anos no grupo HIG e de 32,6 ± 4,6 anos no grupo controle (p = 0,633). A média 
de IR da artéria umbilical foi significativamente maior no grupo HIG do que no grupo controle (0,67 ± 0,14 vs. 0,61 ± 0,08; p = 
0,012), enquanto a média de IR da artéria cerebral média foi significativamente maior no grupo controle (0,80 ± 0,05 vs. 0,76 ± 
0,08; p = 0,001). Entre as mulheres do grupo HIG, a média de RCP foi significativamente menor nas com proteinúria (1,07 ± 0,26 
vs. 1,27 ± 0,22; p = 0,001).
Conclusão: A hipertensão materna durante a gravidez parece estar associada com o aumento do IR da artéria umbilical fetal e 
a redução do IR da artéria cerebral média fetal, bem como com baixa RCP. Em mulheres grávidas, a combinação de HIG e protei-
núria também está aparentemente associada a um risco aumentado de baixa RCP.

Unitermos: Hipertensão; Proteinúria; Ultrassonografia Doppler; Resistência vascular; Placenta/fisiologia; Gravidez.

INTRODUCTION

Maternal hypertension during pregnancy is defined 
as a systolic blood pressure ≥ 140 mmHg and a diastolic 
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blood pressure ≥ 90 mmHg on at least two occasions, at 
least 6 h apart(1). For 2017, the estimated maternal mor-
tality rate worldwide was 211 per 100,000 live births. Sub-
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Saharan Africa and Southern Asia collectively accounted 
for approximately 86% of all estimated maternal deaths 
in 2017(2). Eclampsia, which is a consequence of hyper-
tension in pregnancy, is one of the five leading causes of 
maternal death in those regions(3). Pregnancy-induced 
hypertension (PIH) is thought to be a result of abnormal 
cytotrophoblast invasion of the spiral arteries leading to 
uteroplacental insufficiency(4). One of the fetal complica-
tions of maternal hypertension is impaired uteroplacental 
blood flow, which may result in intrauterine growth re-
striction. Impaired placental perfusion precedes clinical 
manifestations and can be detected promptly by Doppler 
ultrasound.

Assessment of the fetal circulation is of utmost im-
portance in fetal monitoring and the clinical management 
of hypertension. Doppler ultrasound provides a means 
to monitor the maternal and fetal circulation, not only 
in normal pregnancies but also in high-risk pregnancies 
such as those of women with hypertension. Doppler ultra-
sound is a noninvasive method to study fetal hemodynam-
ics and has therefore become a well-established method 
of assessing fetal well-being(5). Doppler ultrasound of the 
fetal middle cerebral artery (MCA) provides information 
on the hemodynamic redistribution that accompanies 
uteroplacental insufficiency. The resistive index (RI) of the 
fetal umbilical artery (UA) reflects downstream placental 
vascular resistance, which correlates with the severity of 
uteroplacental insufficiency(6).

The cerebroplacental ratio (CPR) is the ratio be-
tween the Doppler indices of the fetal MCA and those of 
the UA(7). It is a good predictor of neonatal outcomes and 
can be used to identify fetuses at risk of morbidity and 
mortality(8).

The objective of this study was to determine the effect 
that maternal hypertension has on the fetal MCA and UA 
by comparing pregnant women with and without PIH in 
terms of the fetal artery RIs. We also attempt to determine 
the effect that maternal hypertension has on the CPR.

MATERIALS AND METHODS

This was a comparative cross-sectional study carried 
out in the radiology department of a tertiary hospital be-
tween July 2017 and June 2018. Women from 20 to 45 
years of age with singleton pregnancies were included at 
20–40 weeks of gestation. The subjects were divided into 
two groups: PIH, comprising pregnant women with newly 
diagnosed PIH who had yet to commence pharmacologi-
cal treatment; and control, comprising apparently healthy 
pregnant women with no comorbidities associated with in-
trauterine growth restriction. Women with multiple preg-
nancies were excluded, as were those in whom there were 
structural malformations, chromosomal abnormalities, or 
oligohydramnios.

The local research ethics committee approved the 
study, and all participating subjects gave written informed 

consent. At enrollment, blood pressures were rechecked 
with the subjects in a sitting position. Urine dipstick tests 
were also performed in order to screen for proteinuria. 
Proteinuria was defined as urinary protein excretion of ≥ 
0.3 g/L (≥ 1+ reading on the dipstick).

Ultrasound technique

The women in the sample were evaluated with a di-
agnostic ultrasound system (DC-3; Mindray Bio-Medical 
Electronics Co., Ltd., Shenzhen, China) and a 3.5–5.0 
MHz curvilinear probe. Each pregnant woman was placed 
in a semirecumbent position with a slight lateral tilt dur-
ing scanning. That minimizes the risk of developing supine 
hypotension syndrome due to caval compression. An initial 
obstetric scan was performed in order to measure the fetal 
biometry, as well as to rule out multiple gestation, oligohy-
dramnios, polyhydramnios, and congenital malformation.

Prior to the assessment of the fetal MCA, the skull was 
scanned in order to determine the biparietal diameter. A 
color Doppler examination was then performed in a plane 
slightly closer to the base of the skull, where the MCA can 
be identified as a vessel coursing toward the probe from 
the circle of Willis, within the Sylvian fissure(9). The range 
gate was placed within the medial third of the vessel, with 
an angle of insonation of less than 60°, occupying approxi-
mately one third of its internal diameter. Recordings were 
made when there was no fetal movement, because high 
amplitude fetal breathing movements could modify the 
flow velocity waveforms.

Either of the UAs was sampled at the middle of a free 
loop of the umbilical cord(9), because the end diastolic 
flow is higher near the umbilical cord insertion into the 
fetal abdomen than near the placental insertion(10). The 
CPR was calculated from the MCARI and UARI. For both 
vessels, measurements were taken three times by the same 
researcher and their means were determined in order to 
obtain a more accurate result and avoid intraobserver er-
ror (Figures 1 to 4).

Statistical analysis

The MCARI, UARI, CPR, and other sonographic 
parameters of the pregnant women in both groups were 
recorded on the patient data sheet and entered into the 
computer spreadsheet using the IBM SPSS Statistics 
software package for Windows, version 20.0 (IBM Corp., 
Armonk, NY, USA). The data were analyzed using appro-
priate descriptive and inferential statistics. The results are 
expressed as mean ± standard deviation (SD) or as absolute 
and relative frequencies. The level of significance was set at 
p ≤ 0.05. Independent Student’s t-tests and analysis of vari-
ance F tests were used in order to compare the means of 
continuous variables between the two groups. Chi-square 
tests were used in order to evaluate associations between a 
CPR classified as ≤ 1 and that classified as > 1, as well as 
associations with the presence of proteinuria.
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Figure 3. Color-flow sonogram of the MCA showing the typical biphasic flow.

Figure 4. Color-flow sonogram of the UA showing the typical biphasic wave-
form with high diastolic flow at 33 weeks.

Table 1—General characteristics of the pregnant women evaluated (N = 150).

Characteristic

Maternal age (years), mean ± SD
Gestational age (weeks), mean ± SD
Number of pregnancies, mean ± SD
History of PIH, n (%)
Systolic blood pressure, mean ± SD
Diastolic blood pressure, mean ± SD

PIH
(n = 75)

32.6 ± 4.2
31.1 ± 4.2
1.4 ± 1.2
11 (15)

156.1 ± 16.3
97.3 ± 8.9

Control
(n = 75)

32.4 ± 4.6
31.6 ± 4.2
1.5 ± 0.9

0 (0)
110.6 ± 6.0
75.1 ± 3.0

P

0.633
0.453
0.065

< 0.001
< 0.001

GroupRESULTS

A total of 150 pregnant women were recruited: 75 to 
the PIH group; and 75 to the control group. The general 
characteristics of the study population are shown in Table 
1. Of the 75 women in the PIH group, 64 (85%) had no 
previous history of PIH, whereas 11 (15%) had had one or 
two previous episodes. The mean age was 32.6 ± 4.2 years 
in the control group and 32.4 ± 4.6 years in the PIH group 
(p = 0.633). The mean estimated gestational age was 31.6 
± 4.2 weeks in the control group and 31.1 ± 4.2 weeks in 
the PIH group (p = 0.453). The mean parity was 1.5 ± 0.9 
for the women in the control group and 1.4 ± 1.2 for those 
in the PIH group (p = 0.065). There were statistically sig-
nificant differences between the two groups in terms of 
the mean systolic and diastolic blood pressures, as well as 
the mean value for the mean arterial pressure, all of which 
were higher in the PIH group (p < 0.001 for all).

Table 2 shows the results of the urine dipstick test, 
which were normal (i.e., negative) for all of the women in 

the control group. Among the women in the PIH group, 
the result was negative in 47 (62.6%), 1+ in four (5.4%), 
2+ in 12 (16.0%), and 3+ in 12 (16.0%). The differences 
between the two groups, in terms of the urine dipstick 
test results, were significant (p < 0.001).

Doppler indices

As shown in Table 3, the mean UARI was higher in 
the PIH group than in the control group (0.66 ± 0.10 vs. 

Figure 1. Color Doppler sonogram showing the fetal MCAs (arrows) in the Syl-
vian fissure.

Figure 2. Color Doppler sonogram of the umbilical cord showing the UAs (ar-
rows) and the umbilical vein (arrowhead).
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0.63 ± 0.06) and the difference between the two groups 
was statistically significant (p = 0.028). As can be seen in 
Figure 5, the mean UARI among the women in the control 
group was highest at 20–25 weeks of gestation and lowest 
at 36–40 weeks. Across all of the gestational age ranges 
evaluated, the mean UARI was consistently higher in the 
PIH group, although the difference was statistically sig-
nificant only for the 26–35 week range.

Control
Mean ± SD

0.63 ± 0.06
0.80 ± 0.05

1.288 ± 0.156

Table 3—Mean UARI, MCARI, and CPR of fetuses in the PIH and control group 
subjects.

Variable

UARI
MCARI
CPR

PIH
Mean ± SD

0.66 ± 0.10
0.76 ± 0.08

1.178 ± 0.207

F

2.217
3.365
9.670

P

0.028
0.001
0.001

Group

Variable

UARI, mean ± SD
MCARI, mean ± SD
CPR, mean ± SD

Table 4—Mean MCARI, UARI, and CPR of fetuses among women with PIH, with 
and without proteinuria.

Yes
(n = 28)

0.73 ± 0.01
0.74 ±0.06
1.05 ± 0.02

No
(n = 47)

0.62 ± 0.07
0.78 ± 0.06
1.25 ± 0.02

t

4.330
1.896
4.493

P

< 0.001
0.062

< 0.001

Proteinuria

weeks of gestation (p = 0.170 at 20–25 weeks; p = 0.009 
at 26–30 weeks; p = 0.029 at 31–35 weeks; and p = 0.005 
at 36–40 weeks).

Relationship of proteinuria with UARI, MCARI,  
and CPR

In the PIH group, the mean UARI was higher and the 
MCARI was lower among the subjects with proteinuria 
than among those without (Table 4). The difference was 
significant for the UARI but not for the MCARI. In addi-
tion, the CPR was lower among the PIH group subjects 
with proteinuria than among those without (1.07 ± 0.26 
vs. 1.27 ± 0.22; p = 0.000).

Table 2—Degree of proteinuria in the PIH and control group subjects.

Urine dipstick reading

Trace (normal protein)
1+ (mild proteinuria)
2+ (moderate proteinuria)
3+ (severe proteinuria)

Group

PIH
n  (%)

47  (62.7)
4  (5.3)

12  (16.0)
12  (16.0)

Control
n  (%)

75  (100)
0
0
0

DF

3

χ2

34.420

P

< 0.001

DF, degree of freedom.

The mean MCARI was lower in the PIH group than 
in the control group (Table 3), and the difference was sta-
tistically significant (p = 0.001). In both groups, the mean 
MCARI was lowest at 36–40 weeks of gestation and was 
lower in the PIH group than in the control group at all 
time points (Figure 6).

The mean CPR was lower in the PIH group than in 
the control group (Table 3), and the difference was statis-
tically significant (p = 0.001). The mean CPR across the 
gestational age ranges are shown in Figure 7. The differ-
ences between the two groups became significant after 26 

Among the 75 women in the PIH group, the CPR was 
= 1 in 16 (21.3%). Of the 47 PIH group subjects without 
proteinuria, 45 (95.7%) had a CPR > 1 and only 2 (4.3%) 
had a CPR ≤ 1, as shown in Table 5. Of the 28 PIH group 

Figure 5. Line graph showing the mean UARI among the PIH and control group 
subjects, by gestational age group.

Figure 6. Line graph showing the mean MCARI among the PIH and control 
group subjects, by gestational age group.

Figure 7. Line graph showing the mean CPR among the PIH and control group 
subjects, by gestational age group.



Oyekale OI et al. / Cerebroplacental ratio and maternal hypertension/proteinuria

385Radiol Bras. 2021 Nov/Dez;54(6):381–387

subjects with proteinuria, 14 (50.0%) had a CPR ≤ 1 (Table 
5). None of the control group subjects had a CPR ≤ 1.

DISCUSSION

In low- and middle-income countries, PIH is one 
of the leading causes of maternal morbidity and mortal-
ity(2,11). The disease is caused by abnormal placentation 
leading to inadequate trophoblastic invasion of the mater-
nal spiral arterioles, resulting in increased vascular resis-
tance and reduced uteroplacental perfusion. Doppler ul-
trasound provides information on uteroplacental vascular 
resistance and, indirectly, on the fetal blood circulation(12).

In our study, the UARI among the control group sub-
jects decreased gradually over the course of the pregnancy, 
as was expected. This is in keeping with the results of some 
previous studies. In two different longitudinal studies, 
conducted in Switzerland and Norway, respectively, Kur-
manavicius et al.(13) and Acharya et al.(14) both reported 
that the UARI decreased with advancing gestational age. 
In a similar study, conducted in Nigeria, Ayoola et al.(15) 
reported that the mean UARI declined between 15 and 39 
weeks of gestation. In a normal pregnancy, as the placenta 
develops, there is a normal drop in vascular resistance in 
the UA as a result of increases in the numbers of stem villi 
and small arterial vessels. That causes a gradual decline in 
the UARI as gestational age increases(10). However, such a 
decrease does not occur during the pregnancies of women 
with hypertension. When there is placental insufficiency, 
as in cases of PIH, there is a decrease in the number of 
capacitance vessels, resulting in high resistance (i.e., an in-
creased RI) in the UA(16). That could explain why the range 
of mean UARI values in our PIH group was comparable 
across the various gestational age ranges. Our finding that 
the mean UARI was higher in the PIH group that in the 
control group is in agreement with the findings of Gupta 
et al.(17), who reported that, among women with PIH in 
India, all three of the Doppler indices measured (the pulsa-
tility index, the RI, and the systolic/diastolic ratio) declined 
as in a normal pregnancy, although the individual values 
were usually found to be > 2 standard deviations above the 
mean for the same gestational age in controls(17). In a sim-
ilar study, conducted in Mexico, Lopez-Mendez et al.(18) 
reported that the mean UARI was higher in the fetuses of 
pregnant women with preeclampsia than in those of nor-
motensive pregnant women. In another study conducted 

in Nigeria, Udo et al.(19), also reported that the UARI was 
higher in the fetuses of pregnant women with hyperten-
sion, as were other parameters. In a similar study, conducted 
in India, Lakhar et al.(20) found that the RI values were 
lower in the fetuses of women with normal pregnancies 
than in those of same gestational age of pregnant women 
with hypertension.

In the present study, the difference between the PIH 
and control groups, in terms of the mean UARI, was found 
to be more statistically significant between 26 and 35 
weeks of gestation. That was an expected finding, because 
early-onset PIH (i.e., that occurring before 34 weeks of 
gestation) is associated with greater maternal and fetal 
morbidity and mortality than is the late-onset type(21).

In our sample, the mean MCARI was 0.76 in the PIH 
group, whereas it was 0.80 in the control group. Those val-
ues are similar to the 0.76 and 0.83, respectively, reported 
by Lopez-Mendez et al.(18). In another study, conducted 
in Turkey, Ozerem et al.(22) assessed resistance in the fetal 
MCA by measuring the pulsatility index, which they found 
to be lower in the fetuses of pregnant women with pre-
eclampsia than in those of women with normal pregnan-
cies, suggesting that fetal cerebral blood flow resistance is 
lower in the former.

Changes in the fetal cerebral circulation are predic-
tive of the condition of the fetus. The MCA is the vessel 
of choice to assess the fetal cerebral circulation(5). In a 
normal pregnancy, the RI of the fetal MCA declines gradu-
ally as gestation progresses(23). That is because the fetal 
MCA is a low-resistance vessel throughout pregnancy. In 
two separate longitudinal cross-sectional studies, the pre-
viously cited study conducted by Kurmanavicius et al.(13) 
and the study conducted in Iran by Tarzamni et al.(5), 
the MCARI followed a parabolic pattern, with a peak at 
week 28 of gestation. However, in our study, the control 
group MCARI values did not follow any particular pat-
tern, although they were consistently higher than the PIH 
group values for fetuses of the same gestational age. That 
discrepancy could be due to differences in the ethnicity 
of the study populations or to the larger sample sizes in 
those two studies (1,675 and 1,037, respectively, vs. 150 
in the present study). In our study, the mean MCARI in 
the PIH and control groups was lowest at 36–40 weeks of 
gestation (0.73 and 0.77, respectively). Abnormal Doppler 
indices for the MCA have been associated with intrauter-
ine growth restriction, preeclampsia, and fetal hypoxia(24). 
When there is fetal hypoxemia, as may occur in utero-
placental insufficiency, chemoreceptors are stimulated, 
triggering a response that leads to vasodilatation of vital 
organs, including the brain.(24) There is a relationship be-
tween vasodilatation of the MCA and fetal hypoxemia(23). 
Such vasodilatation causes a drop in the resistance of the 
fetal cerebral circulation, which further decreases the 
MCARI. When hypoxemia and acidemia become more se-
vere, the RI reaches a nadir, which purportedly represents 

Table 5—Chi-square analysis of the CPR of fetuses among women with PIH, 
with and without proteinuria.

CPR

Urinary protein excretion

Normal
Proteinuria

≤ 1
n  (%)

2  (12.5)
14  (87.5)

> 1
n (%)

45 (76.3)
14 (23.7)

DF

1

χ2

21.879

P

< 0.001

DF, degree of freedom.
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the maximum vessel dilatation, after which the fetal heart 
rate starts to decelerate(25).

The CPR, as used in the present study, is the ratio 
between the fetal MCARI and the fetal UARI. The CPR 
describes the correlation of placental resistance with ce-
rebral adaptation to placental insufficiency(9). The ratio is 
considered abnormal when less than one(26). Various stud-
ies have shown that the CPR is a useful tool for predicting 
fetal outcomes in pregnancies complicated by maternal 
hypertension(26–28). In the present study, 16 (21.3%) of 
the 75 PIH group subjects had a CPR ≤ 1. None of the 
control group subjects had a CPR ≤ 1. In a study carried 
out in Kenya, Parshuram et al.(26) found a CPR ≤ 1 in 47 
(29.4%) of 160 cases of PIH. Their slightly larger sample 
size could account for the fact that the proportion of fe-
tuses with an abnormal CPR was higher in their study 
than in ours. Those authors also found that the numbers 
of stillbirths and neonates with a birth weight below the 
10th percentile were highest among the subgroup with 
a fetal CPR ≤ 1. In a similar study, conducted in Turkey 
and involving 50 pregnant women with PIH, Yalti et al.(28) 
found a CPR ≤ 1 in 16 (32.0%) of the cases, all of which 
had worse fetal outcomes.

In the present study, 14 (87.5%) of the 16 subjects with 
a CPR ≤ 1 had proteinuria, even though the prevalence of 
proteinuria in the PIH group was only 37.3%. Similarly, 
the mean UARI was higher and the mean MCARI was 
lower in the PIH group subjects with proteinuria than in 
those without. These findings suggest that the presence of 
proteinuria is associated with worse fetal complications in 
the setting of maternal hypertension. Other studies have 
shown proteinuria to be associated with greater disease 
severity and worse fetal outcomes(29). However, to our 
knowledge, there have been no previous studies demon-
strating the relationship between proteinuria and the se-
verity of changes in the fetal Doppler indices in PIH. In 
the present study, we have shown that the effect of PIH 
on the fetal Doppler indices is compounded by the pres-
ence of proteinuria, which may further worsen perinatal 
outcomes.

CONCLUSION

Maternal hypertension during pregnancy appears to 
be associated with increased fetal UARI and reduced fetal 
MCARI, as well as with a low CPR. In pregnant women, 
the combination of PIH and proteinuria is also apparently 
associated with an increased risk of a low CPR. Therefore, 
pregnant women with hypertension should be monitored 
by Doppler ultrasound throughout gestation and should 
be screened for proteinuria on a regular basis.
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