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Abstract
Background: Our aim was to compare different thresholds of middle cerebral artery peak systolic velocity (MCA-PSV)   and amniotic uid 

delta optical density (De    lta-OD) with fetal hemoglobin (Hb) during rst and second intrauterine transfusions (IUT). 
Methods: We determined serial MCA-PSV and Delta-OD in 27 red blood cell alloimmunized fetuses who needed IUT. Before the second 

IUT, MCA-PSV was measured. The sensitivity and speci city of MCA-PSV and Delta-OD were calculated and compared with fetal hemo-
globin  levels. 

Results: From 27 fetuses, rst time IUT MCA-PSV with a normal median value (MOM) cutoff of > 1.29 detected 60% of the moderate 
and 100% of the severe anemia cases. MCA-PSV of MOM > 1.5 detected none of the moderate and 93% of severe anemia cases. De  lta-
OD detected 50% of moderate anemic and 80% of severe anemic cases. At the second IUT, 91% of severe anemia cases were con rmed 
by MCA-PSV with MOM > 1.5 whereas MCA-PSV with MOM > 1.29 con rmed all cases. One case of moderate anemia was detected by 
MCA-PSV of MOM > 1.29 and none were detected by MCA-PSV with MOM > 1.5. 

Conclusion:   Different thresholds of MCA-PSV have higher sensitivity and speci city for detecting moderate and severe fetal anemia 
compared with Delta-OD. It also has a high sensitivity at the second IUT.

Introduction

Morbidity and mortality due to red blood cell alloimmuni-
zation have steadily declined because use of routine ante-
natal anti-Rh prophylaxis and the development of inva-

sive and noninvasive investigations for monitoring alloimmu-
nized pregnancies. However, red blood cell alloimmunization re-
mains a major problem in several areas of the world.  1–5  

Amniocentesis and fetal blood sampling are used for screening 
and diagnosis of fetal anemia. Umbilical fetal blood sampling is 
the gold standard for diagnosis of fetal anemia. These procedures 
are invasive and associated with risks such as infection, fetal de-
mise, worsening of maternal immunization, preterm labor, and 
abortion.6–10 On the other hand; invasive procedures in all alloim-
munized pregnant women expose 75% of the fetuses to unneces-
sary intervention. Thus, a noninvasive screening method would 
avoid the potential complications of such methods.  8,9 

Doppler ultrasound measurement of the human fetal middle 
cerebral artery peak systolic velocity (MCA-PSV) is a noninva-
sive diagnostic method. MCA-PSV has a predictable relationship 
with fetal hemoglobin (Hb) and hematocrit concentrations. Sev-
eral studies have documented that Doppler MCA-PSV is useful 
in identifying severely anemic fetuses before the rst intrauterine 

blood transfusion (IUT). However, MCA-PSV may be less accu-
rate in the assessment of fetuses that have already been transfused, 
because in such fetuses the association between blood velocity 
and Hb concentration is weaker.10, 11

The purpose of our study is to compare the ability of the MCA-
PSV in the prediction of moderate and severe anemia in red blood 
cell alloimmunized fetuses with the Delta-OD of amniotic uid. 
We assess the validity of this technique at the time of subsequent 
transfusions, and whether there is a correlation between MCA-
PSV normal median value (MOM) and fetal Hb. 

  
Materials and Methods

The Maternal-Fetal and Neonatal Research Center, Women 
Hospital, Tehran University of Medical Science, is a tertiary re-
ferral center for complicated pregnancies in Tehran, Iran. The 
study population consisted of 27 singletons, red blood cell alloim-
munized pregnancies referred to our center from November 2006 
through June 2010. The inclusion criteria were: obstetric history 
of red blood cell alloimmunization and increased indirect Coombs 
titers  1:16, past history of IUT, hydrops fetalis and having an in-
fant that needed exchange transfusion after birth. Cases with evi-
dence of hydrops (skin edema, pleural effusion, or ascites) were 
excluded from the study because these ndings are a clear indica-
tion of severe anemia.

For anemia screening, we measured serial MCA-PSV levels at 
7-day intervals and Delta-OD by amniocentesis every 1 – 3 weeks 
from 16 weeks of pregnancy. Cordocentesis was performed when 
either MCA-PSV, Delta-OD, or both showed the necessity for 
IUT. In all cases, fetal Hb concentrations were measured before 
the rst IUT. In 17 cases, cordecentesis was done before the sec-
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ond IUT.
 Maternal medical records, as well as present and past obstetrical 

histories were collected. Gestational age was calculated according 
to the rst day of the last menstrual period and matched with rst 
trimester ultrasound.

Measurements of Delta-OD were taken the day before cordo-
centesis and fetal Doppler MCA-PSV measured within six hours 
before cordocentesis. For measurement of MCA-PSV, color ow 
mapping was used to identify the MCA at the level of the circle of 
Willis, the pulsed wave Doppler gate was placed on the proximal 
one third of the MCA and the angle of insonation was kept at less 
than 20 degrees. Three consecutive wave forms in the absence 
of fetal body or breathing movements were then recorded, and 
the highest point of the Doppler envelope was considered as the 
PSV (cm/s). The measurement was repeated three times, with the 
maximum value considered for PSV. Attention was taken to avoid 
pressure on the fetal head. MCA-PSV expressed as multiples of 
the normal median (MOM) value were measured by the reference 
curve provided by Mari11 and adjusted for gestational age. We 
used cutoff values of MCA-PSV above 1.29 and 1.5. For Delta-
OD, the Queenan curve was used with the cutoff of the upper af-
fected zone (zone 3) considered and adjusted for gestational age.12  

In normal fetuses, Hb levels increase with gestational age, there-

fore a xed Hb cutoff point cannot be used to de ne fetal anemia. 
The reference test for the diagnosis of fetal anemia was measure-
ment of the Hb level in umbilical cord blood with the use of the 
reference range published by Nicolaides et al. in 1988.1  3Moderate 
anemia was de ned as Hb between 2 SD-5 SD below the mean 
for gestational age and severe anemia was de ned as an Hb level 
more than 5 SD below the mean (one SD is approximately 1g/
dl).13,14 

This study was approved by the Research and Ethics Committee 
of the Maternal, Fetal and Neonatal Research Center of Tehran 
University of Medical Sciences. Patients signed informed con-
sents after being informed about the study. 

Chi-square and Fisher exact tests were used. Sensitivity, speci c-
ity, positive predictive value (PPV), and negative predictive value 
(NPV) were calculated by standard formulas for a binominal pro-
portion, generated for speci c thresholds of MOM and Delta-OD. 
A P value < 0.05 was considered statistically signi cant. 

Results

Past obstetric history and patient data are shown in Table 1. De-
mographic and characteristic details of patients at the time of the 
second IUT are shown in Table 2.

Maternal age (mean ± SD) 33.66±4.49[ years]
Gravidity (mean ± SD) 4.6 ± 2.4
Living Child (mean ± SD) 1.5 ± 1.3
History of IUT (N, %) 2, 6.5%
History of Hydrops (N, %) 19, 61.3%
History of IUFD (N, %) 16, 51.6%
History of neonatal Exchange (N, %) 6, 19.4%
Gestational age at 1st IUT weeks (mean ± SD) 21.54 ± 5.03 [weeks]
Fetal Hb before rst IUT (mean ± SD) 6.36 ± 3.62 g/dl

Table 1. Characteristic details of patients at rst IUT.

5.22 ± 2.59Gravidity (Mean ± SD)
1.81 ± 1.46Living child (Mean ± SD)

12, 68%History of hydrops (N, %)
10, 59%History of IUFD (N, %)
4, 23%History of neonatal exchange (N, %)

24.50 ± 4.02 [weeks]Gestational age at second IUT (mean ± SD)
6.48 ± 3.39 g/dlFetal Hb before second IUT (mean ± SD)

Table 2. Characteristic details of patients at second IUT.

Gold standard test                      Sensitivity Speci city PPV NPV P value
MCA-PSV ( MOM > 1.29) 

Severe anemia 100 50 71 100 0.015
Moderate anemia 60 60 50 50 0.015

MCA-PSV ( MOM > 1.5) 
Severe anemia 93 90 93 90 < 0.0001
Moderate anemia 0 25 0 < 0.0001

Delta –OD
Severe anemia 80 65 72 30 0.04
Moderate anemia 50 75 70 40 0.04

Table 3.  Diagnostic values of MCA-PSV & Delta-OD to detect anemia in the rst IUT.

Gold standard test Sensitivity Speci city PPV NPV P value
MCA-PSV (MOM > 1.29)

Severe anemia 100 80 84 100 0.006
Moderate anemia 33 50 50 100 0.006

MCA-PSV (MOM > 1.5 )
Severe anemia 91 100 100 100 < 0.001
Moderate anemia 0 100 100 < 0.001

Table 4. Diagnostic values of MCA-PSV to detect anemia in the second IUT.
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The study group consisted of 27 fetuses. At the rst IUT, 5 of 27 
cases (20%) were moderately anemic whereas 15 (60%) had se-
vere anemia. The MCA-PSV threshold MOM of > 1.29 detected 
60% of moderate and 100% of severe cases (P < 0.015), whereas 
the MCA-PSV with an MOM of > 1.5 detected none of the mod-
erate cases and 93% of severe ones (P < 0.0001). In this group, 
Delta-OD was measured in 18 cases, of which 10 were severe and 
4 were moderately anemic. Of these, Delta-OD detected 80% of 
the severe and 50% of the moderate cases (P < 0.04). Sensitivity, 
speci city, PPV and NPV are shown in Table 3.

In 17 cases that underwent a second IUT, 11 (65%) were severe 
and 3 (18%) moderately anemic. Of these, 91% of the severely 
anemic cases were con rmed by the MCA-PSV threshold MOM 
of > 1.5 and all were con rmed by the MCA-PSV cutoff MOM 
of > 1.29 (P < 0.001). One case of moderate anemia was detected 
by MCA-PSV with an MOM > 1.29 and none were detected by 
MCA-PSV with an MOM > 1.5. Sensitivity, speci city, PPV and 
NPV for the second IUT are shown in Table 4.

Discussion

Our data demonstrated that different thresholds of MCA-PSV 
had higher sensitivities and speci cities for the detection of mod-
erate and severe fetal anemia compared with Delta-OD. At the 

rst IUT for the correlation between severe anemia and MCA-
PSV with a cutoff MOM of > 1.5, there was a 93% sensitivity and 
90% speci city, whereas Delta-OD showed 80% sensitivity and 
65% speci city. For the detection of moderate anemia, the Delta-
OD had 50% sensitivity and 75% speci city, whereas the MCA-
PSV with an MOM of > 1.29 had 60% sensitivity and speci city. 
MCA-PSV with MOM > 1.5 showed 0% sensitivity and 25% 
speci city. Therefore, the MCA-PSV with a threshold MOM of 
> 1.29 was more accurate than the MCA-PSV MOM of > 1.5 
and Delta-OD for the detection of moderate anemia. Additionally 
there was a high sensitivity at the second IUT for the detection of 
severe anemia.

Oepkes et al.14 in a multicenter prospective study on 47 severe 
anemic fetuses compared MCA- PSV with amniocentesis and 
showed that the Doppler measurement was signi cantly more 
accurate than Delta-OD. They compared severe anemia with the 
MCA-PSV of MOM > 1.5, but moderate anemia was not consid-
ered. 

In a small, retrospective study by Pereira et al.15 the research-
ers compared MCA-PSV with conventional management. In 
their study, there were ve anemic fetuses, of which two were hy-
dropic. They reported a Delta-OD with 80% sensitivity and 78% 
speci city for moderate to severe anemia. MCA-PSV of MOM 
> 1.5 had 100% sensitivity and 91% speci city for moderate to 
severe anemia. they considered Hb under 9 g/dL as both moderate 
and severe anemia. The researchers have concluded that MCA-
PSV may have a better predictive accuracy for moderate to severe 
fetal anemia in red blood cell alloimmunization. 

Our study revealed two separate thresholds for the diagnosis 
of moderate and severe anemia in fetuses at the rst and second 
transfusions.  MCA-PSV with an MOM > 1.5 cutoff could better 
detect severely anemic patients and for the detection of milder 
anemia, a lower cutoff (> 1.29) for MOM should be considered.  

These results were comparable to a study by Mari et al.10 that 
showed signi cant association between the degree of anemia and 
the mean velocity of blood ow in the middle cerebral artery. 

Moderate and severe anemia can be detected noninvasively by 
Doppler ultrasonography based on an increase in the peak velocity 
of systolic blood ow in the middle cerebral artery. Our ndings 
show that for detection of moderate anemia the lower MCA-PSV 
of MOM > 1.29 should be used. These results have con rmed the 
results of other studies by Mari16,17 that measured MCA-PSV in 18 
fetuses before an initial cordocentesis. He demonstrated that the 
correlation between Hb and MCA-PSV was more accurate as the 
severity of anemia increased. 

 A study by Scheier et al.3 has shown that in patients who re-
ceived one previous IUT the prediction of fetal anemia provided 
by MCA-PSV was useful, but an increase in the cutoff was neces-
sary. Our study also con rmed that at the second IUT for detec-
tion of severe anemia, the MCA-PSV of > 1.29 MOM had 100% 
sensitivity and 80% speci city. MCA-PSV with a > 1.5 MOM 
had 91% sensitivity and 100% speci city. Compared with the rst 
IUT, a similar cut off had lower sensitivity.

Bartha et al.18 have reported that the prediction of severe fetal 
anemia after one transfusion is less accurate than in non-trans-
fused fetuses. The MCA-PSV is not useful in predicting severe 
anemia in fetuses that have previously undergone two transfu-
sions. Our data suggest a good correlation between MCA-PSV 
and Hb in fetuses that have undergone one previous transfusion. 
In the second IUT the MCA-PSV cutoff MOM of > 1.5 could 
weakly detect true moderate cases but it detected severely anemic 
cases.

Maciuleviciene et al.19 showed that the sensitivity of the MCA-
PSV test decreased in less anemic fetuses from 77.3% in the sub-
group with moderate anemia to 32% in the subgroup with mild 
anemia. This was in agreement with our study where the sensitiv-
ity of the MCA-PSV cutoff of > 1.29 was 60% for detection of 
moderate anemia. A study by Alshimmiri et al. in 2003 has shown 
that although MCA-PSV is highly speci c, negative values do not 
rule out fetal anemia20 and has emphasized the need for further re-
search before it can be recommended in clinical practice. Another 
study performed by Rimon et al. proved that in the management 
of Kell isoimmunization, invasive procedures may be avoided by 
implementing MCA-PSV measurements.21 De  lineation of appro-
priate intervals between reassessments, the reliability of MCA-
PSV following repeated IUTs and cutoff values for fetal blood 
sampling await further study.

In conclusion, MCA-PSV thresholds of MOM > 1.29 and > 1.5 
in the diagnosis of severe anemia have a high sensitivity in rst 
and second IUT. MCA-PSV is a non-invasive method for the de-
tection of fetal anemia. We strongly recommend it as a screening 
test before the rst and second IUT. Our results suggest that good 
correlation between MCA-PSV and fetal Hb remains following 

rst IUT.
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