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Abstract

Resumo

Nomogram of fetal middle cerebral artery peak systolic
velocity in a Brazilian population™

Intervalos de referéncia do pico de velocidade sistdlica da artéria cerebral média fetal
na populacédo brasileira

Luciano Marcondes Machado Nardozza', Edward Araujo Junior?, Christiane Simioni®,
Luiz Camano?, Antonio Fernandes Moron®

OBJECTIVE: To determine a reference curve for the peak systolic velocity of fetal middle cerebral artery.
MATERIALS AND METHODS: The authors developed a cross-sectional study with 143 healthy pregnant
women between the 23rd and 35th gestational weeks. A bidimensional axial scan of the fetal skull was
performed, including the thalami and pellucid septum. Subsequently, the middle cerebral artery was visualized
with the color Doppler mode. The pulsed-wave Doppler transducer was positioned over the origin of this
vessel, at < 20° insonation angle. The correlation between the peak systolic velocity of the middle cerebral
artery and gestational age was evaluated by means of the Pearson’s correlation coefficient (r). Regression
models were utilized in the construction of a table with multiples of the medians of the middle cerebral artery
peak systolic velocity for each gestational age. Additionally, reference values for this variable were determined.
RESULTS: A strong correlation was observed between the middle cerebral artery peak systolic velocity and
gestational age (r = 0.70; p < 0.001). Values of middle cerebral artery peak systolic velocity were calculated
for the following multiples of the medians: 1.0, 1.29, 1.5, 1.55. The 2.5th and 97.5th percentiles were
determined for the middle cerebral artery peak systolic velocity ranging between 24.33 cm?/s and 78.36
cm?/s. CONCLUSION: A nomogram for the fetal middle cerebral artery peak systolic velocity during the second
half of pregnancy was generated.
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OBJETIVO: Determinar uma curva de referéncia baseada em muiltiplos da mediana para o pico de velocidade
sistélica da artéria cerebral média fetal. MATERIAIS E METODOS: Realizou-se estudo de corte transversal
com 143 gestantes normais entre 23 e 35 semanas. Realizou-se varredura bidimensional em corte axial do
cranio fetal, incluindo os talamos e o septo peltcido, e em seguida acionou-se o modo color Doppler, visuali-
zando-se a artéria cerebral média. O Doppler pulsatil foi disposto préximo a origem deste vaso, utilizando-se
angulo de insonacdo de menos de 20°. Para avaliar a correlacdo do pico de velocidade sistélica da artéria
cerebral média com a idade gestacional, utilizou-se o coeficiente de correlacdo de Person (r). Por meio de
modelos de regresséo, construiu-se uma tabela de multiplos da mediana para o pico de velocidade sistélica
da artéria cerebral média em cada idade gestacional avaliada, e adicionalmente determinaram-se valores de
referéncia para essa varidavel. RESULTADOS: Observou-se forte correlacéo entre o pico de velocidade sist6-
lica da artéria cerebral média e a idade gestacional (r = 0,70; p = 0,001). Determinaram-se valores do pico
de velocidade sistdlica da artéria cerebral média para os seguintes multiplos da mediana: 1,0; 1,29; 1,5;
1,55. Determinaram-se os percentis 2,5 e 97,5 para o pico de velocidade sistdlica da artéria cerebral média,
variando de 24,33 cm?/s a 78,36 cm?/s. CONCLUSAO: Um nomograma do pico de velocidade sistélica da
artéria cerebral média fetal foi determinado.

Unitermos: Artéria cerebral média; Doppler; Ultra-sonografia; Nomograma; Feto.
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INTRODUCTION

Red blood cells aloimmunization is
characterized for being an immunological
disorder resulting from the mother/fetus
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blood incompatibility, which determines a
hemolytic disorder in the fetus and in the
newborn. Thereisan excessively rapid red
blood cellsdestruction, with consequential
anemia, hyperbilirubinemia and severe,
generalized edema. It is caused by specific
antibodies produced by the mother and
transplacentally transferred to the fetal
bloodstream during pregnancy.

After thediscovery of the physiopathol-
ogy, research into diagnosis techniques
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capable of measuring the anemia degree
was started, in order to reduce perinatal
morbidity and mortality rates. In 1961
Liley™ described the method of spectro-
photometric amniotic fluid analysisin or-
der to indirectly determine bilirubin con-
centration in the amniotic fluid and assess
the hemolytic status, with the fluid being
obtained by amniocentesis. However, am-
niocentesis is associated with complica-
tions such as early membrane rupture,
preterm delivery, vagina hemorrhage, in-
fection and gestational loss in 0.5%®.

Inthe early eighties, with the discovery
of high-resolution ultrasound-guided
cordocentesis, thisbecame the golden-stan-
dard method to assessthe anemiadegreein
cases of aloimmunization during preg-
nancy®. However, cordocentesisis associ-
ated with the worsening of maternal
alloimmunization and fetal loss®.

In the late eighties, studies were under-
taken using Doppler coupled with ultra-
sonography in an attempt to assess fetal
hemodynamic parameters that could dem-
onstrate the degree of fetal anemia®®. The
main objective of these studies was deter-
mining an accurate method to avoid the
risks of invasive procedures.

In the mid-nineties, Mari et a.”” dem-
onstrated that the peak systolic velocity of
themiddle cerebral artery (MCA-PSV) was
increased. Furthermore, they demonstrated
that such vessel iseasily visualized with an
angle different from O degree, and that the
measurement of this vessel presents low
intra and inter-observer variability®. The
same authors determined thefirst reference
curvefor MCA-PSV using multiplesof the
median®.

The present study was aimed at deter-
mining a reference curve for fetal MCA-
PSV using multiples of the median, and
also determining percentilesfor thisparam-
eter in healthy pregnant women of the Bra-
zilian population.

MATERIALSAND METHODS

A cross sectional study was developed
between August 2006 and August 2007,
with 153 pregnant women assisted at the
Unit of Fetal Medicine, Department of
Obstetrics of Universidade Federal de S&o
Paulo/Escola Paulista de Medicina (Uni-

386

Nardozza LMM et al.

fesp/EPM), S&o Paulo, SP, Brazil. Ten of
these pregnant women were excluded for
the following reasons: five presented posi-
tive indirect Coombs test results, three did
not present good technical conditions for
the examination and two others presented
chronic diseases (onewith cardiopathy, the
other with systemic lupus erythematosus).
The present study was approved by the
Committee for Ethics in Research of Uni-
fesp/EPM, and the patients who agreed to
voluntarily participate signed aterm of free
and informed consent.

The present study evaluated 143 healthy
pregnant women with single fetuses be-
tween 24 and 34 complete gestational
weeks, with no malformation diagnosed in
the prenatal period or confirmed in the
postnatal period. The parameter utilized for
determining the gestational age was the
date of the last menstrual period (LMP) in
the case of patientswith normal periods. In
the case of uncertainty about the LMP, the
determination of gestational age wasbased
on ultrasonography performed up to the
20th week.

Gestational agelimitswere based onthe
criteria of fetal viability, this period being
critical for the birth of premature fetuses
which could potentially benefit from an
appropriate eval uation of thevascular flow.

All the studies were performed by a
single observer (main author), and the pa-
tientswere evaluated one singletime (cross
section) inaSA-8000L ive equipment (Me-
dison: Seoul, Korea), equipped with acon-
vex volumetric transducer. The SonoView
Pro software (Medison: Seoul, Korea) was
utilized for volume analysis.

The following settings in the Doppler
mode were considered for obtaining the
MCA-PSV: frames average (10), penetra-
tion frequency (low), enhance (1), reject (8)
gain (50), frame average (2), sensitivity
(15), density (on), balance (16), frequency
(1.5 kHz) and filter (1).

The Doppler evaluation for obtaining
the MCA-PSV was based on the technique
described by Mari et a.®. The color Dop-
pler mode was activated, and a cross sec-
tion was performed at the level of the base
of the brain. The Willis polygon was visu-
alized and the MCA closest to the trans-
ducer was selected for PSV calculation.
Theartery was scanned next toitsoriginin

theinternal carotid artery considering that
the systolic peak decreases with the dis-
tance from the point of origin of this ves-
sel. The angle between the ultrasound beam
and the blood flow was standardized at 20°.
Next, the pulsed Doppler mode was used,
determining the MCA-PSV. Three PSV
measurements were obtained, the highest
value being utilized.

All collected data were fed into an Ex-
cel spreadsheet (Microsoft; USA). Thesta
tistical analysis was carried out by means
of the SPSS software (Windows version
15.0, SPSS Inc; Chicago, USA). In order
to evaluate the correlation between MCA-
PSV and gestational age, the Pearson’s (r)
correlation coefficient and scatter plots
were utilized, and models of polynomial
regression were created. Based on these
regression models, a table of values was
built for each gestational age (complete
weeks) with values based on median mul-
tiples, according to the method adopted by
Mari et al.®. Additionally, referencevalues
(percentiles) were built according to the
proposed by Royston & Wright®.

RESULTS

The pregnancies were followed-up to
the delivery. The mean gestational age at
birth was 37 weeks and 2 days (28 weeks
and 4 days to 41 weeks), and mean birth
weight 2,877 g (1,400 g to 4,100 g). Mean
hemoglobin concentration in newborns
was 12.48g/dl (10.1to 16.1 g/dl) and mean
hematocrit level was 48.94% (37.1% to
62.0%). None of the newborns required
transfusion at nursery and there were no
stillborns or neonatal deaths.

A strong correlation was observed be-
tween gestational age and MCA-PSV (r =
0.70; p < 0.001). The scatter plot between
MCA-PSV and gestational age showed that
such relation is non linear. The graph sug-
gestsan adjustment of exponential or poly-
nomial regression between such data (Fig-
ure 1). The equation that best describesthe
relation between MCA-PSV and gesta-
tional age suggests an adjustment of cubic
regression:

Expected PSV = 44.5998 — 0.0874(IG)? +
+ 0.0029(1G)z.

From this regression adjustment atable
was built based on median multiples, ac-
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cording to the method adopted by Mari et
al.®. According to these authors, the me-
dian multiples are calculated by the ratio
between the measured and expected values
for a gestational age determined by the
adjusted regression model. In this way,
according to the results from a patient, the
median multiple corresponds to a percent-
age of the expected value (values > 1 indi-
cate that the observed result is higher than
expected for that gestational age). Thus, the
valuesof the“median” column correspond
to the expected values and the others cor-
respond to 29%, 50% and 55% above the
expected value (Table 1).

The determination of MCA-PSV refer-
ence values was based on the criteria pro-
posed by Royston & Wright®. The values
are based on regression models for means
and standard deviations (SD). A quadratic
model was utilized for SD adjustment:

[SD = 43.1872 — 2.8425(1G) +
+ 0.0530(1G)3].

From the adjusted mean and SD for
each studied gestational age, the percentiles
were calculated according to the formula:

Percentile = mean + K(SD)
where: K isthe percentile corresponding to
the normal standard distribution.

Table 2 demonstrates the 2.5th and
97.5th percentiles calculation, with a 95%

Table 1 Values for middle cerebral artery peak systolic velocity (cm/s) based on multiples of the median

between the 23rd and 35th gestational weeks.

Multiples of the median for MCA-PSV

Gestational

age (weeks) 1.0 1.29 1.50 1.55
23 35.44 45.72 53.16 54.93
24 35.48 45.77 53.22 55.00
25 35.81 46.20 53.72 55.51
26 36.45 47.03 54.68 56.50
27 37.43 48.29 56.15 58.02
28 38.77 50.01 58.15 60.09
29 40.49 52.23 60.73 62.75
30 42.61 54.97 63.91 66.04
31 45.16 58.26 67.74 70.00
32 48.17 62.13 72.25 74.66
33 51.65 66.62 77.47 80.05
34 55.63 71.76 83.44 86.22
35 60.13 77.56 90.19 93.20

MCA-PSV, middle cerebral artery peak systolic velocity.

confidenceinterval, usng K = 1.96. Figure
2 demonstrates the behavior of the mean
and of the 2.5th and 97.5th percentiles of
MCA-PSV in relation to gestational age.

DISCUSSION

Red blood cells alloimmunization re-
mains a severe complication of pregnancy,
in spite of thefact that its physiopathology
has been recognized and its treatment, es-

tablished. In developing countries, the in-
cidence of such disorder hasdecreased very
slowly, mainly due to insufficient prenatal
prophylaxis with anti-D gammaglobulin.
A previous study developed by the au-
thors have found 39% premature births,
31% low birth weight, and 10% of new-
borns requiring blood transfusionsin rela-
tion to a control group!?. Therefore the
early detection of fetal hemolytic anemia,
with prompt intervention by means of in-

Table 2 Reference values with 95% confidence
interval for the middle cerebral artery peak systolic
velocity (cm/s) between the 23rd and 35th gesta-
tional weeks.

Confidence interval = 95%

1]
o0 .
g
m
2 10
2 . o
— L ] L
w L

&0 O .
a g [ g %
ki . o e
- L4
g w * - +* : -
o . . ot
p - .... . -
g w “ b 0. »” L ] f.. -
o O e Y o
o w9
E *e *

K 1] - : -

L ]
o) *
22 24 2 P 30 2 3t k)
ldade gestacional (semanas)

Figure 1. Correlation between middle cerebral artery peak systolic velocity and gestational age. [X: ges-

tational age (weeks); Y: peak systolic velocity].
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MCA-PSV, middle cerebral artery peak systolic velocity

Gestational Expected

age (weeks) MCA-PSV 25p 97.5p
23 35.44 24.33 46.55
24 35.48 24.64 46.33
25 35.81 25.08 46.54
26 36.45 25.68 47.23
27 37.43 26.45 48.41
28 38.77 27.43 50.10
29 40.49 28.63 52.34
30 42.61 30.08 55.13
31 45.16 31.81 58.51
32 48.17 33.83 62.51
33 51.65 36.16 67.13
34 55.63 38.84 7241
35 60.13 41.89 78.36

MCA-PSV, middle cerebral artery peak systolic veloc-

ity; p, percentile.
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Figure 2. Behavior of the middle cerebral artery peak systolic velocity (median, 2.5th and 97.5th per-
centiles) as related to the gestational age. [X: gestational age (weeks); Y: MCA-PSV].

trauterinetransfusion or labor induction for
neonatal therapy, may actually bring about
good neonatal outcomes™.

The current invasive methods to quan-
tify the degree of fetal anemia are the am-
niocentesis and cordocentesis. Amniocen-
tesis presents questionable results when
carried out before the 27th week?; fur-
thermore, this method may cause compli-
cations such asfetal-maternal hemorrhage,
that may worsen the severity of the dis-
ease™, and the need for serial amniocen-
tesis®™, Cordocentesis presents a higher
risk for fetal loss as compared with amnio-
centesis, and transplacental puncture is
associated with fetal-maternal hemorrhage
and increased sensitization®.

Noninvasive methods to measure the
degree of fetal anemia present, asagreater
benefit, the absence of maternal-fetal risks
from the invasive methods. In the late
eighties, several authors evaluated differ-
ent fetal vessels with the Doppler mode in
an attempt to develop a noninvasive
method to quantify thefetal anemiadegree
in cases of red blood cells alloimmuni-
zation, but aconsistent correl ation between
these parameters could not be find®9,

In 1995 , Mari et al.” demonstrated
increased blood flow velocity in anemic
fetuses as compared with normal fetuses.
For this measurement, these authors uti-
lized themiddle cerebra artery, asthisves-
sel can beeasily identified and itsflow can
be studied with alow and different from 0°
angle. The MCA-PSV can be accurately
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measured, with low intraand inter-observer
variability. Later, severa studiesprovedthe
superiority of MCA-PSV measurement
over spectrophotometry in the prediction of
fetal anemia®™*29. A study developed by
the authors™ group have evidenced higher
hematocrit levelsand lower need for blood
transfusion in newborns from Rh alloim-
munized pregnant women followed-up
with MCA-PSV measurement thanin those
from mothers followed up with amniocen-
tesis®,

Inthe present study, astrong correlation
was observed between MCA-PSV and ges-
tational age, with the best model being a
exponential one. Such exponential model
isin agreement with the reference curve of
135 pregnant women in the pioneer study
developed by Mari et a.(. This same ex-
ponential model has been obtained by
Alshimmiri et al.®? with 300 normal fe-
tuses. However, in the study developed by
Gadelha da Costa et al.®, the authors ob-
tained alinear relation between MCA-PSV
and gestational age: MCA-PSV: 21.47 +
2.16GA.

One objective of the present study was
to determine a reference curve for MCA-
PSV by using median multiples as pro-
posed by Mari et a.®. The authors deter-
mined values for the following median
multiples: 1.0; 1.29; 1.50; 1.55. The value
of 1.29 median multiple representsthe cut-
off for detection of mild anemia, 1.50isthe
cut-off for the detection of moderate ane-
miaand 1.55 isthe cut-off for the detection

of severe anemia, as proposed by Mari et
a.®. The authors have obtained 100% sen-
sitivity, with 12% false-positive rate in-
creased MCA-PSV in the prediction of
moderate or severefetal anemia The com-
parison between the reference curves deter-
mined by the present study and by Mari et
al.®, demonstrated higher values for all
gestational ages in the present study.
Amongst the reasons for such differences,
ethnical differences between both popula
tions, nutritional levels of the patients, and
the altitude of the places where the re-
searches were developed, can be men-
tioned as factors that would justify the de-
termination of anormality curvefor differ-
ent populations.

Another objective of this study was the
determination the reference values in per-
centiles for MCA-PSV. The authors ob-
served aprogressiveincreasein MCA-PSV
in the second half of pregnancies, in the
same manner as observed by Gadelha da
Costaet a.®, Kurmanaviciuset al.?¥ and
Bahlmann et a.®. In a comparison with
the study developed by Gadelha da Costa
et al.®® who have also evaluated asample
of the Brazilian population, the authors of
the present study similar values for MCA-
PSV in the period between the 22nd and
34th weeks. In comparison with the study
developed by Kurmanaviciuset a.? who
have also adopted Royston & Wright®
criteriafor determination of the percentiles
for MCA-PSV, the authors observed simi-
lar valuesin the studied gestational period,
however, those authors found alinear cor-
relation between MCA-PSV values and
gestational age, while in the present study
acubic equation was obtained. When com-
paring with the study of Bahimann et a.®,
the values for MCA-PSV in the present
study were higher for a same gestational
period (23rd to 35th weeks). A possible
explanation might be the method applied
in that study, which utilized a 90% confi-
dence interval, while in the present study,
a 95% confidence interval was utilized.

In summary, it is believed that the
present study is relevant, considering that
it is the second study determining a refer-
encecurvefor MCA-PSV utilizing median
multiples. The fact that this pilot study
demonstrates different values as compared
with those found by Mari et al.® justifies

Radiol Bras. 2008 Nov/Dez;41(6):385-389
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an ampler study involving the Brazilian
population, preferably with amulti-centric
approach tofind out if these differencesare
due to ethnical factors. In anyway, the
present study represented a first step to-
wards the determination of a reference
curve for MCA-PSV using median mul-
tiples, and that in the future it may prove
useful inthefollow-up of pregnant women
with red blood cells alloimmunization.
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