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he usefulness of middle cerebral artery Doppler assessment
n the treatment of the fetus at risk for anemia

enneth J. Moise Jr, MD
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 EARCH FOR THE H OLY G RAIL
ne of the most longstanding and suc-

essful therapies in fetal medicine has
een the intrauterine transfusion (IUT)
f red cells to correct fetal anemia. Stud-

es in animal models of anemia indicated
hat fetal blood velocities were increased
s a result of increased cardiac output
nd reduced blood viscosity. Ultrasound
easurements in the anemic human fe-

us have confirmed these findings.

 AN P EAK MCA DOPPLER
 EPLACE A MNIOCENTESIS

OR � OD450?
ari’s original report has led to a gradual

bandonment of serial amniocenteses
or �OD450 in favor of a noninvasive ap-
roach. Data would suggest that as many
s 70% of invasive procedures can be
liminated through adoption of surveil-
ance with serial middle cerebral artery
MCA) Doppler assessment. The tech-
ique has the potential to reduce com-
lications such as preterm premature
upture of the membranes and enhanced
aternal sensitization caused by trans-

lacental amniocentesis.
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Published studies on the utility of the
CA Doppler assessment have been

imited to experience in tertiary care cen-
ers. It is therefore important that, when
ther clinical sites introduce this tech-
ique, dual testing with amniocentesis

or �OD450 may be appropriate until a
easonable correlation between tech-
iques has been achieved. Most mater-
al-fetal specialists around the world
ow use serial MCA assessments in man-
ging the red cell–alloimmunized
regnancy.

 ECHNIQUE
or the clinician to obtain the MCA peak
elocity, the fetal head should be in a
ransverse plane. The MCA vessels can
e found with color or power Doppler
ltrasound overlying the anterior wing
f the sphenoid bone near the base of the
kull. An angle of insonation of �15 de-
rees should be used. Typically, the clini-
ian can achieve an angle that approxi-
ates zero degrees by moving the

ransducer on the maternal abdomen.
he use of angle correction software

arely should be necessary.
Although the fetal MCA closest to the

nterior uterine wall is used usually,
tudies have revealed that the peak veloc-
ty in the contralateral MCA is valid. A
-mm pulsed Doppler gate is placed over
he vessel just as it bifurcates from the
arotid siphon. More peripheral place-

OVERVIEW
Doppler assessment of the peak sys-
tolic velocity of the fetal middle cere-
bral artery can detect reliably fetal
anemia that is caused by various
conditions.
ent of the gate will result in a falsely low m

FEBRUARY 2008 Ame
eak value. The peak systolic velocity
hould be measured during a period of
etal apnea and during absent fetal

ovement. This is especially important
ate in gestation, when a false elevation in
he peak velocity can occur with fetal
eart rate accelerations.
At least 3 measurements should be

aken, and the highest measurement
hould be accepted as the final value.
uring the measurement, the Doppler
aseline on the display should be ad-

usted close to zero; the pulse repetition
requency should then be adjusted in an
ffort to change the scale to the approx-
mate peak velocity. These adjustments
ill optimize the appearance of the
aveform and make the true peak veloc-

ty more readily discernible. Peak systolic
easurements should be undertaken
ith the use of electronic calipers be-

ause automated measurement software
hat traces the waveform typically under-
stimates the true peak velocity.

MCA measurements, which should be
erformed weekly, can be initiated as
arly as 16-18 weeks of gestation. Re-
ently, normal values for earlier gesta-
ional ages have been published. Previ-
us authors have suggested that MCA
alues be plotted on a normal curve,
uch like the Liley curve. A more prac-

ical approach is to convert the actual
alues into multiples of the median to
ccount for changes in gestational age.
fter 35 weeks of gestation, the false-
ositive rate for the prediction of anemia

ncreases. However, in cases of a normal
CA peak velocity after 35 weeks of ges-

ation, serial weekly measurements can
e continued until the induction of labor

s scheduled.

IMING INTRAUTERINE
RANSFUSIONS
nce a center has achieved a comfort

evel in the use of MCA Doppler assess-

ent to detect anemia before the first

rican Journal of Obstetrics & Gynecology 161
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UT, the natural tendency is to extend
his technique to decide when to time the
ubsequent transfusions. Unfortunately,
he data do not entirely support this
ractice.
The decreasing sensitivity of the peak
CA Doppler assessment to detect
oderate-to-severe anemia after several

UTs probably has several explanations.
y the third IUT, most of the circulating
ed cells in the fetal circulation are donor
ells that contain adult hemoglobin. Fe-
al red cells have been shown to be less
igid than adult red cells, which is a rheo-
ogic property that contributes to an in-
reased whole blood viscosity. In addi-
ion, correction of the fetal anemia
hrough IUT raises the fetal hematocrit
evel, which substantially increases
hole blood viscosity. Both of these will

low the speed at which blood moves
hrough the fetal circulation. A shift
rom a principally fetal hemoglobin to an
dult hemoglobin environment has the
otential to decrease the delivery of oxy-
en at the tissue level because of differ-
nces in the oxygen disassociation curve
f these 2 hemoglobins.
Published data and anecdotal clinical

xperience do not support the use of
CA Doppler assessment to time serial

UTs beyond the first transfusion inter-
al. What then is the clinician to do?
any experienced clinicians use empiric

ntervals between procedures. In cases of
evere anemia at �24 weeks of gestation,
he fetal hematocrit level should be only
artially corrected to allow for physio-

ogic adjustment to the acute change in
iscosity. Radunovic et al suggested that
o more than a 4-fold increase in hemat-
crit level or a target value of 25% be
sed in these cases. Such a practice will
educe perinatal mortality rates immedi-
tely after the procedure. A repeat pro-
edure is undertaken after 48 hours to
orrect the hematocrit level into the nor-
al range.
In gestational ages of �24 weeks, in-

ervals of 7-10 days are used typically be-
ween the first and second IUTs; an in-
erval of 2 weeks can be used between the
econd and third procedures. Subse-

uent procedures can be timed every 3 b

62 American Journal of Obstetrics & Gynecology
eeks once fetal erythropoiesis has been
uppressed, as evidenced by Kleihauer–
etke stain or flow cytometry. Alterna-

ively, a calculated decline in hemoglo-
in level of 0.4, 0.3, and 0.2 g/dL/d for the
rst, second, and third transfusion inter-
als, respectively, can be used to decide
hen to perform the next IUT.

ETECTING FETAL ANEMIA
N OTHER DISEASE STATES

prospective evaluation of at-risk fe-
uses because of maternal Kell alloim-

unization with the peak MCA velocity
as revealed a sensitivity and specificity
f 89% for the detection of fetal anemia.
lthough this series consisted of only 30

etuses, the sensitivity appears similar to
he detection of fetal anemia found in
hesus alloimmunization in the recently
ublished large multicenter trial.
In utero parvovirus infection can re-

ult in transient suppression of red cell
recursors from the fetal bone marrow.
CA Doppler assessment has been used

o detect the resulting fetal anemia. A
hreshold of 1.29 multiples of the me-
ian (MoM) has been proposed; how-
ver, this will lead to the detection of
ases of mild anemia. Because frank hy-
rops has been reported to resolve spon-
aneously in as many as 30% of cases, it
ould appear prudent to use a threshold
alue of the MCA velocity of 1.5 MoM if
ne is contemplating IUT as a therapeu-
ic option. Experience with MCA Dopp-
er assessment to detect fetal anemia
aused by Bart’s hemoglobin in cases of
omozygous alphathalassemia has been

imited. MCA peak velocity appears use-
ul in the detection of the anemic fetus
ith alphathalassemia; however, its util-

ty in these cases must be questioned be-
ause of a lack of therapeutic options.

In cases of severe twin-twin transfu-
ion syndrome (TTTS) that is treated
ith laser therapy, anastomotic placental
essels may be missed in as many as one-
hird of cases. In approximately 13% of
aser cases, a reversed TTTS situation
called the twin anemia-polycythemia
equence) may develop, whereby the re-
ipient becomes anemic and the donor

ecomes plethoric. In this scenario, the

FEBRUARY 2008
ecipient twin will exhibit an elevated
eak MCA systolic velocity of �1.5
oM, although a decreased velocity will

e noted in the donor (usually �1.0
oM). Treatment by IUT of the recipi-

nt twin has proved successful in pro-
onging these pregnancies in some cases.
t would appear prudent therefore that
eekly MCA Doppler scans be assessed

or at least 4 weeks after laser therapy has
een undertaken for severe TTTS.
In 1 series of 73 early intrauterine

rowth restricted fetuses, neonatal ane-
ia was detected in 29% of cases. When

bsent end-diastolic velocity was noted
n the umbilical artery by Doppler assess-

ent, 43% of these fetuses exhibited
nemia at birth. The peak MCA Doppler
ssessment has been studied to predict
etal anemia in intrauterine growth re-
triction. Unfortunately, although a lin-
ar relationship was found between

CA Z scores and neonatal hemoglo-
in, no specific threshold value could be
etermined to predict fetal anemia.
Finally, acute fetomaternal hemor-

hage with resulting fetal anemia has
een detected with the peak MCA
elocity.

CLINICAL IMPLICATIONS

The peak systolic velocity in the fetal
middle cerebral artery (MCA) can re-
place serial amniocentesis for the de-
tection of fetal anemia in cases of red
cell alloimmunization.
Experience with this technique must
be acquired before reliable results can
be obtained.
The peak MCA velocity may aid in the
timing of the second in a series of in-
trauterine transfusions; published
data to date do not support its use
thereafter.
MCA Doppler assessment has proved
effective in the detection of fetal ane-
mia in other disease states, such as fe-
tal parvovirus infection, alphathalas-
semia, twin anemia-polycythemia
sequence after laser therapy, and feto-

maternal hemorrhage. f
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