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A B S T R A C T

Objective: To study the Doppler velocimetry of the fetal middle cerebral artery in pregnancies 

complicated by placental insufficiency, and to verify its role in the prognosis of neonatal 

survival. 

Methods: This was a prospective study of 93 pregnant women with diagnosis of placental 

insufficiency detected before the 34th week of pregnancy. Placental insufficiency was 

characterized by abnormal umbilical artery (UA) Doppler (> 95th percentile). The following 

parameters were analyzed: umbilical artery (UA) pulsatility index (PI); middle cerebral artery 

(MCA) PI; brain-placenta ratio – BPR (MCA-PI/UA-PI); MCA peak systolic velocity (MCA-PSV); 

and PI for veins (PIV) of ductus venosus (DV). The parameters were analyzed in terms of 

absolute values, z-scores (standard deviations from the mean), or multiples of the median 

(MoM). The outcome investigated was neonatal death during the hospitalization period after 

birth. 

Results: Of the 93 pregnancies analyzed, there were 25 (26.9%) neonatal deaths. The group 

that died, when compared to the survival group, presented a significant association with the 

diagnosis of absent or reversed end-diastolic flow (88% vs. 23.6%, p < 0.001), with a higher 

median of UA PI (2.9  vs. 1.7, p  <  0.001) and UA PI z-score (10.4  vs. 4.9, p  <  0.001); higher 

MCA-PSV MoM (1.4 vs. 1.1, p = 0.012); lower BPR (0.4 vs. 0.7, p < 0.001); higher PIV-DV (1.2 vs. 

0.8, p < 0.001) and DV z-score (3.6 vs. 0.6, p < 0.001). In the logistic regression, the independent 

variables predictive of neonatal death were: gestational age at birth (OR = 0.45; 95% CI: 0.3 to 

0.7; p < 0.001) and UA PI z-score (OR = 1.14, 95% CI: 1.0 to 1.3, p = 0.046). 

Conclusion: Despite the association verified by the univariate analysis between neonatal 

death and the parameters of fetal cerebral Doppler velocimetry, the multivariate analysis 

identified prematurity and degree of insufficiency of placental circulation as independent 

factors related to neonatal death in pregnancies complicated by placental insufficiency.

© 2012 Elsevier Editora Ltda. All rights reserved.
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Dopplervelocimetria da artéria cerebral média fetal e outros parâmetros 
de vitalidade fetal na sobrevida neonatal em gestações com insuficiência 
placentária

R E S U M O

Objetivo: Estudar a dopplervelocimetria da artéria cerebral média fetal em gestações 

complicadas pela insuficiência placentária e verificar o seu papel no prognóstico de sobrevida 

neonatal. 

Métodos: Trata-se de estudo prospectivo de 93  gestantes com diagnóstico de insuficiência 

placentária estabelecida antes da 34ª semana. A insuficiência placentária foi caracterizada 

pelo Doppler de artéria umbilical (AU) alterado (> p95). Foram analisados os seguintes 

parâmetros: índice de pulsatilidade (IP) da artéria umbilical (AU), IP da artéria cerebral média 

(ACM), relação cerebroplacentária – RCP (IP-ACM/IP-AU), pico de velocidade sistólica da 

ACM (PVS-ACM) e IP para veias (IPV) do ducto venoso (DV). Os parâmetros foram analisados 

pelos valores absolutos, em escores zeta (desvios-padrão a partir da média) ou múltiplos da 

mediana (MoM). O desfecho investigado foi o óbito neonatal no período de internação após 

o nascimento. 

Resultados: Nas 93  gestações analisadas, ocorreram 25 (26,9%) óbitos neonatais. No grupo 

que evoluiu com óbito neonatal, quando comparado com o grupo com sobrevida, houve 

associação significativa com o diagnóstico de diástole zero ou reversa (88% vs. 23,6%, 

p < 0,001), com maior mediana do IP da AU (2,9 vs. 1,7, p < 0,001) e seu escore zeta (10,4 vs. 

4,9, p < 0,001); maior valor do PVS-ACM MoM (1,4 vs. 1,1, p = 0,012); menor valor da RCP (0,4 

vs. 0,7, p < 0,001); maior valor do IPV-DV (1,2 vs. 0,8, p < 0,001) e no escore zeta do DV (3,6 vs. 

0,6, p < 0,001). Na regressão logística, as variáveis independentes para a predição do óbito 

neonatal foram a idade gestacional no parto (OR = 0,45; IC 95% 0,3 a 0,7, p < 0,001) e o escore 

zeta do IP-AU (OR 1,14, IC 95% 1,0 a 1,3, p = 0,046). 

Conclusão: Apesar da associação verificada pela análise univariada entre a morte neonatal 

e os parâmetros da dopplervelocimetria cerebral fetal, a análise multivariada identificou a 

prematuridade e o grau de insuficiência da circulação placentária como fatores independentes 

relacionados com o óbito neonatal em gestações complicadas por insuficiência placentária.

© 2012 Elsevier Editora Ltda. Todos os direitos reservados.
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Introduction

The main complication of the placental insufficiency is the 
restricted fetal development, which is associated with higher 
perinatal morbidity and mortality.1,2  The inappropriate 
interaction between the trophoblast and maternal tissues 
is involved in its physiopathology,3 promoting an increased 
resistance of the capillaries of terminal villi, with consequent 
reduction in maternal-fetal exchanges and fetal hypoxemia. As 
a result of hypoxemia, the fetus starts to present hemodynamic 
adaptations, a phenomenon known as centralization of 
fetal circulation.4 This centralization is characterized by the 
redistribution of blood flow to vital organs such as the brain, 
heart, and adrenal glands, to the detriment of others such as 
the spleen, kidneys, and peripheral circulation. The duration 
and efficacy of this mechanism depend on the adaptability of 
the fetus and on preservation of the hemodynamic balance.5,6

Doppler velocimetry is the most frequently used method 
in clinical practice to identify fetal centralization, as it allows 
for a non-invasive evaluation of fetal and fetal-placental 
circulations.7 This method may be used in the early detection 

of pathologies associated with defective placentation, and 
it is useful to prognosticate restricted fetal development.8 
In normal pregnancies, the vascular resistance in the umbilical 
arteries (UA) is low; conversely, the resistance in the cerebral 
territory of the fetus is high. In cases of placental insufficiency, 
progressive fetal hypoxemia stimulates the chemoreceptors, 
triggering a response that leads to vasodilation of vital organs 
and vasoconstriction of the remaining organs.9

The combination of fetal and fetal-placental parameters 
appears to be an interesting investigation method both for 
placental function and hemodynamic adaptations of the fetus. 
Studies in animal models demonstrate that the centralization 
of fetal circulation has significant correlation with hypoxemia 
and hypoxia.10 The brain-placenta ratio (BPR),11,12 calculated 
by the ratio between the Doppler velocimetric indices of the 
middle cerebral artery (MCA) and the UA, has been described 
as predictive of the neonatal prognosis.13-15 For a better 
understanding of the adaptations in fetal cerebral circulation 
regarding hypoxia and hypoxemia, this study aimed to 
evaluate fetal MCA Doppler velocimetry in pregnancies with 
placental insufficiency, and to verify its role in the prognosis 
of neonatal survival.
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Methods

This cross-sectional study was conducted in a university 
hospital, during the period from May of 2009 to July of 2012, 
and included high-risk pregnant women hospitalized in the 
Obstetrics ward with diagnosis of placental insufficiency. To 
calculate the size of the sample, considering the proportion of 
neonatal deaths of 30% in fetuses with restricted development 
described by Mari et al.,16 in order to obtain a case group of at 
least 25 neonatal deaths, a minimum of 83 pregnancies were 
necessary. After a difference in the proportion of neonatal 
deaths was verified in this study, 93 cases were included 
in order to contemplate 25 cases of deaths. All participants 
consented to participate in the research. The research project 
and the informed consent were approved by the ethics 
committee of the institution, under No. 1359/09.

The following inclusion criteria were used: singleton 
pregnancy; live fetus; diagnosis of placental insufficiency 
characterized by abnormal UA Doppler (pulsatility 
index > percentile 95) performed between 26 and 34 weeks 
of gestational age; intact choroamniotic membranes; 
three-dimensional fetal ultrasonography with no signs of 
abnormalities; no signs of chromosomal abnormalities; 
absence of chorioamnionitis or other perinatal infections; and 
birth at the institution. Cases in which a congenital anomaly 
was detected in the newborn, cases of fetal anemia, and cases 
in which the fetal Doppler examination was not possible up to 
three days before birth were excluded. 

Fetal well-being was assessed through antenatal 
cardiotocography, fetal biophysical profile (BPP), and obstetric 
Doppler velocimetry. The examinations were performed in 
the patients during the hospitalization period, in intervals 
that ranged from one to three days. The BPP parameters 
were evaluated through ultrasonography (tone, fetal body 
movements, fetal breathing movements, and amniotic fluid 
volume). The ultrasound equipment used included a Philips® 
model Envisor; GE model Voluson 730  Expert, equipped 
with convex transducer; and a Hewllet Packard® traditional 
cardiotocography machine. The fetal heart rate (FHR) was 
evaluated through the cardiotocography. The trace was 
classified as regular when it presented at least two transient 
accelerations with 15 bpm of range within a 30-minute window, 
baseline FHR between 110 and 160 bpm, variability greater 
than 5 bpm, and absence of decelerations; and was classified 
as suspicious in the absence of transient accelerations with 
normal baseline FHR and reduced and abnormal variability in 
the presence of decelerations or absent variability. In the BPP, a 
score of zero (abnormal) or two (regular) was attributed to each 
parameter. The final classification corresponded to the sum of 
the points. The amniotic fluid volume was assessed through 
the amniotic fluid index (AFI). Its values were classified as 
regular when higher than 5.0 cm, and values lower than 5.0 cm 
were characterized as oligohydramnios. 

Ultrasonography equipment was used for the study of 
fetal cerebral circulation. Doppler velocimetry was performed 
through machines equipped with pulsed Doppler device 
(duplex Doppler) and color flow mapping, 3.5-MHz sector 
transducer, and low-pass filter (25 Hz). The sample volume 

was adjusted to the diameter of each vessel evaluated, 
and the angle of insonation was always kept below 30°. In 
the insonation of the middle cerebral artery, the angle of 
insonation was close to zero. All examinations were performed 
with the patient in the supine position with the head elevated, 
in the absence of fetal body or breathing movements and 
with fetal heart rate between 110 and 160 bpm. Doppler 
velocimetry of the umbilical arteries (UA), middle cerebral 
artery (MCA), and ductus venosus (DV) were then performed. 
UA Doppler velocimetry was performed based on insonation 
of the vessel close to its insertion in the placenta. The MCA 
was used to evaluate the cerebral vessels because it is an 
easily reproducible technique. The insonation of the vessel 
was performed in its proximal third from the Circle of Willis. 
The DV was evaluated in a cross and oblique section of the 
fetal abdomen. For each vessel examined, three to five uniform 
sonograms were obtained, and the average value of each result 
was used for the calculation of the pulsatility indices (PI) for 
arteries and the pulsatility index for veins (PIV) of the ductus 
venosus. All pulsatility index values were also analyzed in 
z-scores (number of standard deviations from the mean), 
calculated for each gestational age.14 The values of MCA peak 
systolic velocity (MCA-PSV) were analyzed pursuant to their 
absolute value and also based on the multiples of the median 
(MoM) for gestational age.17

Since 2005, the clinical protocol for follow-up of the cases 
of placental insufficiency is based on the follow-up of fetal 
well-being through serial biophysical profile and arterial and 
venous Doppler velocimetry. The decision to perform the 
delivery is taken after individual analysis of the cases, based 
on clinical data of the mother and the fetal condition. The 
occurrence of any of the following abnormalities characterized 
the decrease in fetal well-being: low variability of fetal heart 
rate (< 5 bpm) or late decelerations in the cardiotocography, 
abnormal fetal biophysical profile (< 6), or pulsatility indices 
for veins (PIV) of the ductus venosus greater than 1.0. Data 
from the last evaluation of fetal well-being performed before 
birth or before the beginning of corticosteroid therapy prior 
to the resolution were analyzed. Additional delivery and 
newborn clinical data were obtained through inquiry to the 
medical records and registers of births, filed in the Medical 
Files Department of the institution, as well as information 
obtained from inquiry to the department’s computerized 
database.

The following perinatal outcomes were also investigated: 
gestational age at birth; weight of the newborn; adequacy of 
the weight of the newborn; pH at birth in blood of the umbilical 
cord artery; gender; Apgar scores at minutes 1, 5 and 10; need 
for orotracheal intubation (OTI) and admission in the Intensive 
Care Unit (ICU); as well as maternal demographic variables: 
mother’s age, parity, ethnicity, and complications of the 
current pregnancy. The gestational age was calculated from 
the last menstrual period (LMP), when compatible with the 
gestational age estimated by the ultrasonography performed 
no later than the 20th week of pregnancy. In cases in which 
such correlation was not observed, the gestational age was 
calculated through data from the first ultrasonography. The 
weight of the newborn, in grams, was measured in the delivery 
room, and the adequacy was evaluated through comparison 
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with normative data from Alexander et al.18 thus, newborns 
with weight below the 10th percentile of the corresponding 
range were classified as small for the gestational age. 

Data related to the population characteristics that result 
in neonatal death is presented in Table 1. All cases in which 
the newborn died during hospitalization were characterized 
as neonatal death, regardless of the postnatal moment (early, 
late, or child) at which the death took place.

Results were analyzed through the Medcalc software, 
version 11.5.1.0. (Medcalc Software – Belgium). Categorical 
variables were analyzed descriptively, by calculating 
absolute and relative frequencies. In order to analyze the 
continuous variables, the results were expressed as mean, 
median, standard deviation, minimum, and maximum. The 
Chi-squared test was used to compare proportions, and Fisher’s 
exact test was used when applicable (position in the sentence 
mostly). Student’s t-test was used to compare the averages 
among the groups for variables with normal distribution, and 
the Mann-Whitney U-test was used for abnormal distribution 
variables. The logistic regression model was used to identify 
the independent variables associated with the neonatal death 
outcome. The value of 0.05 (alpha = 5%) was adopted as the 
significance level. Thus, descriptive levels (p) below this value 
were deemed significant (p < 0.05).

Results

In this study, 25 (26.9%) neonatal deaths occurred. Among 
the population characteristics and aspects of the birth that 
were identified as related to neonatal death, there was a 
significant association with gestational age at birth (p < 0.001) 

and weight of the newborn (p < 0.001) (Table 1). The analysis of 
Apgar scores at minutes 1, 5, and 10 also showed a significant 
association with neonatal death when these scores presented 
a value lower than 7.

Table 2 shows the results regarding the examinations 
for evaluation of fetal well-being. The group that died 
presented a significant association (p = 0.045) with abnormal 
cardiotocography results and low values of BPP (p = 0.012, 
Chi-squared for trend). No significant association with the 
assessment of the amniotic fluid volume was found.

The results of the analysis of arterial and venous Doppler 
velocimetry are shown in Table 3. Neonatal mortality was 
significantly associated with the diagnosis of absent or 
reversed end-diastolic flow (p < 0.001), higher values of UA 
PI (p < 0.001), and higher z-score (p < 0.01). When the results 
of MCA Doppler velocimetry were analyzed, the group that 
died showed the highest median of PSV-MoM (p = 0.012) when 
compared to the survival group. The value of the BPR also 
presented the lowest median in the group that died (p < 0.001). 
The analysis of the values of DV Doppler velocimetry showed 
significantly higher values in the PIV median (p < 0.001) and 
its z-score (p < 0.001) in the group that died.

The Doppler velocimetric variables were studied on a 
multivariate basis in order to predict neonatal death through 
the logistic regression model. The following variables, with 
significance lower than 0.1 for the outcome, were included in 
the model: gestational age (GA) at birth, weight of the newborn, 
ethnicity, diagnosis of diabetes, UA PI z-score, PSV-MoM, and 
DV z-score. After performing the analysis, the independent 
variables remaining in the final model were: GA at birth and 
UA PI Z-score (Table 4). This model correctly predicted 86.0% 
of the cases of neonatal death.

Characteristic Total (n = 93) Death (n = 25) Survival (n = 68) p

Maternal age in years, mean (SD) 29.6 (6.6) 30.2 (5.1) 29.4 (7.1) 0.618
White, n (%) 50 (53.8%) 18 (72.0) 32 (47.1) 0.057
Nulliparous, n (%) 47 (50.5%) 12 (48.0) 35 (51.5) 0.950
Arterial hypertension
 CAH 24 (25.8%) 8 (32.0) 16 (23.5)
 PE 25 (26.9%) 3 (12.0) 22 (32.4) 0.231
 Superimposed CAH and PE 19 (20.4%) 7 (28.0) 12 (17.7)
Heart disease 11 (11.8%) 2 (8.0) 9 (13.2) 0.741
Diabetes 8 (8.6%) 5 (20.0) 3 (4.4) 0.050
Thrombophilia 8 (8.6%) 4 (16.0) 4 (5.9) 0.260
Systemic lupus erythematosus 6 (6.5%) 3 (12.0) 3 (4.4) 0.398
GA at birth in weeks, mean (SD) 31.7 (3.3) 28.1 (1.6) 33.1 (2.7) < 0.001
Weight of the NB in g, mean (SD) 1,189 (503) 704 (247) 1367 (454) < 0.001
SGA newborn, n (%) 77 (82.8%) 20 (80.0) 57 (83.8) 0.902
Gender of the NB, n (%)
 Male 49 (52.7%) 13 (52.0) 36 (52.9) 0.878
 Female 44 (47.3%) 12 (48.0) 32 (47.1)
1st min Apgar score < 7, n (%) 35 (37.6%) 18 (72.0) 17 (25.0) < 0.001
5th min Apgar score < 7, n (%) 9 (9.7%) 7 (28.0) 2 (2.8) 0.001
10th min Apgar score < 7, n (%) 3 (3.2%) 3 (12.0) 0 (0) 0.018
pH at birth, median (min to max) 7.19 (6.85 to 7.35) 7.12 (6.85 to 7.29) 7.21 (6.92 to 7.35) 0.085

CAH, chronic arterial hypertension; GA, gestational age; NB, newborn; PE, preeclampsia; SD, standard deviation; SGA, small for gestational age.

Table 1 – Characteristics of the population according to neonatal death in pregnancies with placental insufficiency.
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Test Death (n = 25) Survival (n = 68) p

Cardiotocography,a n (%)
 Regular 2/16 (12.5) 27/64 (42.2)
 Suspected 9/16 (56.3) 29/64 (45.3) 0.045
 Abnormal 5/16 (31.3) 8/64 (12.5)
Fetal biophysical profile, n (%)
 10  2 (8.0) 20 (29.4)
  8 15 (60.0) 38 (55.9) 0.012b

  6  6 (24.0)  8 (11.8)
  4  2 (8.0)  2 (2.9)
AF volume  
 Oligohydramnios (AFI < 5.0 cm), n (%)  5 (20.0) 19 (27.9) 0.611
 AFI, cm, median (min to max)   8.2 (2.2 to 17.0)   7.3 (0.1 to 17.2) 0.223

AF, amniotic fluid; AFI, amniotic fluid index.
aCardiotocography was not performed in cases with early gestational age.
bChi-squared test for trend.

Table 2 – Assessment of fetal well-being according to neonatal death in pregnancies with placental insufficiency.

Doppler Death (n = 25) Survival (n = 68) p

Diastolic flow in UA
 Present 3 (12.0) 52 (76.5)
 Absent diastolic flow 14 (56.0) 11 (16.2) < 0.001
 Reversed end-diastolic flow 8 (32.0) 5 (7.4)
UA
 PI 2.9 (1.8 to 13.1) 1.7 (0.8 to 4.9) < 0.001
 PIz-score 10.4 (4.0 to 92.7) 4.9 (−1.5 to 24.8) < 0.001
MCA
 PI 1.1 (0.8 to 1.7) 1.2 (0.7 to 2.4) 0.562
 PI z-score −2.3 (−3.6 to −0.7) –2.4 (−4.9 to 0.6) 0.706
 PSV 52.0 (22.7 to 77.8) 50.1 (22.4 to 93.7) 0.808
 PSV-MoM 1.4 (0.6 to 2. 1) 1.1 (0.5 to 2.0) 0.012
BPR
 BPR 0.4 (0.1 to 0.7) 0.7 (0.2 to 1.7) < 0.001
 BPR z-score −3.2 (−4.8 to -2.3) −3.2 (−5.6 to -0.9) 0.621
DV
 PIV 1.2 (0.5 to 2.9) 0.8 (0.3 to 2.6) < 0.001
 DV z-score 3.6 (−1.3 to 16.0) 0.6 (−3.1 to 13.9) < 0.001

BPR, brain-placenta ratio; DV, ductus venosus; MCA, middle cerebral artery; MoM, multiples of the median; PI, pulsatility index; PIV, pulsatility 
index for veins; PSV, peak systolic velocity; UA, umbilical artery.
Data expressed in n (%) or median (minimum to maximum).

Table 3 – Univariate analysis of the parameters of Doppler velocimetry according to neonatal death in pregnancies with 
placental insufficiency.

Variable OR CI 95% Coefficient Standard error p

GA at birth 0.45 0.310 to 0.657 −0.796 0.192 < 0.001
UA PI (Z-score) 1.14 1.003 to 1.291 0.129 0.065     0.046
Constant − − 21.902 − −

CI 95%, 95% confidence interval; GA, gestational age; OR, odds ratio; PI, pulsatility index; UA, umbilical artery.

Table 4 – Independent variables identified in the multiple logistic regression model with elimination of factors 
associated with neonatal death in pregnancies with placental insufficiency through the stepwise procedure.
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Discussion

This study analyzed the factors associated with neonatal death 
in pregnancies with early diagnosed placental insufficiency, and 
found that the outcome of neonatal death was independently 
associated with the gestational age at which the birth occurs 
and UA PI (z-score). The Doppler velocimetric parameters of 
the evaluation of MCA were not shown to be an independent 
factor for the cases studied. In this population, the prematurity 
and impairment of the placental area proved to have a key role 
in the prognosis of survival of the newborn. Data suggest that 
the degree of cerebral circulation vasodilation did not exert any 
influence on survival, which appears to depend on the degree 
of impairment of the fetoplacental circulation.

Cruz-Martinez et al.,19 analyzed parameters of cerebral 
circulation of fetuses that are small for the gestational age 
and concluded that, before the beginning of labor induction, 
the abnormalities in cerebral Doppler identify the cases 
with risk of an emergency C-section and neonatal acidosis. 
However, the authors did not compare their results with 
neonatal mortality. Regarding BPR, the study shows that 
the reduction in the values has greater sensitivity than the 
analysis of vasodilation through interpretation of MCA PI in 
predicting emergency C-section. Additionally, the authors 
analyzed the tissue perfusion, and this parameter did not 
present an association with the final objectives, indicating 
that, despite the changes in the Doppler of the cerebral 
circulation, the perfusion is not effectively modified. This 
may support the fact that MCA Doppler was not identified in 
the present study as an independent factor in the prognosis 
of fetal survival. Despite the vasodilation, the protection of 
the fetal central nervous system would not be sufficiently 
effective to be an independent factor influencing the 
neonatal mortality. The present study did not demonstrate 
any association between the results of fetal MCA IP and 
neonatal mortality.

The identification of fetuses with placental insufficiency 
is usually made through UA Doppler velocimetry, which 
starts to show a progressive increase in the resistance of the 
placental area. This directly influences fetal development, as 
the progressive dysfunction impairs the nutrition of the fetus. 
Thus, the estimated fetal weight and the degree of impairment 
of the placental circulation are key parameters in the decision 
for the most opportune time to deliver. In the present 
study, the analysis of the degree of impairment of different 
circulations was performed through analysis of the z-score, i.e., 
based on the value of standard deviations obtained that differs 
from the average expected for a certain gestational age. This 
analysis tried to correct the influence of the gestational age on 
the interpretation of different Doppler results. 

Neonatal mortality depends on several factors, related or 
not to the birth. The better the situation of the newborn, the 
better the neonatal outcomes. However, the maintenance 
of pregnancy, despite the centralization of fetal circulation, 
did not appear to influence postnatal survival. Different 
results were observed by Odibo et al.,20 who analyzed cases 
of  intrauterine growth restriction and investigated the 
impact of BPR using reference values specific to the gestational 

age. They concluded that abnormal BPR was associated with 
adverse perinatal outcomes. They argued that BPR incorporates 
both data: placental circulation (umbilical artery) and fetal 
brain response (MCA). When comparing limits specific to the 
gestational age with cutoff values, they concluded that the 
efficiency of the models was similar when predicting adverse 
outcomes. In the analysis of perinatal mortality, specific 
predictive models only for this parameter were not presented, 
which made the comparison with the present study difficult. 
Other studies that also analyzed the prognostic value of BPR in 
fetuses with growth restriction have shown that this parameter 
is a predictor of changes in the FHR and of extended hospital 
stay for the newborn.21-23

The univariate analysis of the parameters in the fetal 
cerebral circulation showed that MCA vasodilation was not 
related to neonatal mortality, and the analysis by z-score 
presented the same result. The association verified through 
BPR appears to be influenced by the values of the umbilical 
artery, which was evidenced by a multivariate analysis. 
However, innovative data disclosed in this research refers to 
the significant association of MCA-PSV with neonatal survival. 
The patients that died presented a higher maximum velocity 
value, as analyzed by the number of MoM. This increase 
may be related to severe hemodynamic changes, in which 
there is a change in the aortic isthmus flow, pursuant to the 
hypothesis of Mari et al.,24 who, in cases of fetuses with growth 
restriction, highlighted this abnormality as an indicator of the 
deterioration in fetal circulation. These authors concluded that 
high values of MCA-PSV predicted the perinatal mortality and 
would be useful in the evaluation of fetuses with abnormal 
UA Doppler. Based on the longitudinal analysis of the results 
of the MCA Doppler velocimetry, they suggest that the MCA 
PI is initially abnormal in most fetuses, but they observed 
an increase in the MCA PI with a tendency to normalization 
before birth or fetal death. Based on the analysis of MCA-PSV, 
they verified a well-defined pattern, with progressive increase 
according to the advance of gestational age, and tendency to 
mild reduction immediately preceding birth or fetal death. In 
the present study, the group of fetuses who died presented a 
higher median of the values of MCA-PSV when compared to 
the survival group. However, the increase was discreet, which 
differed from that described by Mari et al.24. Additional studies 
are required to clarify this aspect. 

The UA Doppler is a method that essentially evaluates 
the placental function.1,8 The impairment of the placental 
bed, which was reflected in the increased resistance to blood 
flow and consequent reduction in the diastolic velocity of the 
umbilical artery, was a factor that influenced the neonatal 
prognosis. When qualitatively characterized, as well as 
during analysis of the PI Z-score, an association with neonatal 
death was found. The degree of placental dysfunction, 
quantitatively represented by the UA PI z-score, was an 
independent factor that influenced the neonatal survival. It is 
a parameter that, together with the gestational age, should be 
used in clinical practice to adjust the decisions regarding the 
best time for delivery in pregnancies complicated by placental 
insufficiency.

The venous circulation of the fetus was investigated through 
the DV Doppler. In this study, DV PI showed a significant 
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association with neonatal mortality in the univariate analysis, 
but it did not remain as an independent factor in the logistic 
regression. Abnormalities in the venous circulation25 are 
associated with acidemia at birth26 and impairment of the 
cardiac function of the fetus,27,28 which indicate cases of 
greater severity. 

Placental insufficiency is a complication of the pregnancy 
with high neonatal mortality, especially when there is a need 
to interrupt the pregnancy at an early gestational age.16 In 
addition to the fact that prematurity is an important factor 
for neonatal survival, it can be verified that the degree of 
impairment of the placental circulation, analyzed through the 
UA PI, also influenced this prognosis on an independent basis. 
Finally, this study demonstrated that the Doppler velocimetric 
parameters of assessment of the fetal cerebral circulation are 
associated with neonatal mortality in the univariate analysis. 
However, through multivariate analysis, the prematurity and 
degree of impairment of the placental circulation were the 
independent factors related to the outcome, in pregnancies 
with placental insufficiency.
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