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ABSTRACT  
Although noninvasive diagnosis of anemia in fetus by measuring 
the middle cerebral artery peak systolic velocity (MCA-PSV) is 
practised and extensively researched in the developed world, 
such studies from the developing world are rare. India is the home 
for many hemoglobinopathies and cases of Rh alloimmunization 
are also reported here. Hence, it is expected that fetal anemias 
will be quite common. So in addition to an awareness about the 
correct method of measuring MCA-PSV and knowledge about 
changes that occur in the waveforms with advancing gestational 
age, it is important to know the normal values at various ges-
tational ages in an Indian setting. Demonstrating these normal 
values was the primary goal of the current study.
Context: Fetal anemia can be adequately tackled only if it is 
diagnosed on time. Fetal MCA-PSV has the potential to reliably 
predict fetal anemia. Scientific studies across the globe are a 
testimony to this fact. As such studies from rural setups are 
lacking, this study was initiated. 
Aims: To demonstrate the normal values of fetal MCA-PSV 
at various gestational ages in an Indian setting by using the 
standard internationally accepted protocol.
Settings and design: The ultrasound wing of radiodiagnosis 
department of a rural medical college was the site of this study. 
Permission from institutional research cell and ethical commit-
tee was obtained for study on fetal MCA-PSV. Written informed 
consent from every pregnant mother who participated in the 
study was also obtained. A cross-sectional and prospective 
observational study was conducted over the last 9 months. 
materials and methods: A total of 60 measurements of fetal 
MCA-PSV were conducted in normal 20 pregnant women 
referred for routine obstetric scan at 12, 24, and 36 weeks of 
gestation respectively, by a single radiologist on color Doppler 
ultrasound machine. In each fetus the proximal MCA, soon after 
its origin, was evaluated.
Statistical analysis: The observations were entered in Microsoft 
Excel sheet and statistical analysis was done by using SPSS 
statistical software version 12. The relation between fetal MCA-
PSV and gestational age was studied using the Karl Pearson’s 
correlation coefficient. The significance of difference was studied 
using the t-test.
Results: MCA-PSV increased with increasing gestational 
age, suggesting positive correlation between the two. Better 

waveforms and increasing PSV were visualized with advancing 
gestational age. 
Conclusion: Fetal anemia can be accurately predicted only 
if the MCA-PSV is scientifically measured and compared with 
normal values in a given setting. This study demonstrates the 
normal values at various gestational ages in an Indian setting. 
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InTRodUCTIon   

Vital statistics about the contribution of fetal anemia to feto-
maternal mortality and morbidity are lacking as many times 
this entity remains undiagnosed or even unsuspected for 
the lack of awareness about simple diagnostic test. Earliest 
methods to diagnose fetal anemia were spectrophotometry 
of fluid obtained by amniocentesis or examination of cord 
blood obtained by cordocentesis. But the invasive nature of 
these tests was a deterrent to their wide scale use for scree-
ning of unsuspected fetuses.1,2

 Hence, soon after the discovery that elevated fetal middle 
cerebral artery peak systolic velocity (MCA-PSV) can indicate 
fetal anemia satisfactorily and noninvasively, Doppler ultrasound 
of fetal MCA received a warm welcome all over the globe.3,4 

 Literature on this technique from India is scanty and 
hence this study was, therefore, undertaken with an aim to 
demonstrate the normal values of fetal MCA-PSV at various 
gestational ages in an Indian setting by using the standard 
internationally accepted protocol.

SUBJeCTS And MeTHodS

Permission from institutional research cell and ethical com-
mittee was obtained before starting this study antenatal 
ultrasound unit located in radiodiagnosis department of this 
institute. Each pregnant participant gave written consent 
prior to this study.
 A total of 60 fetal MCA-PSV values were measured 
in 20 normal pregnant women, once each at 12, 24, and  
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36 weeks of gestation respectively. The normal outcome of 
these pregnancies was confirmed by the birth of a normal 
healthy full-term child. Normal mothers with healthy fetuses 
were randomly selected for the study from patients who 
had come for routine obstetric scan. Mothers with diabetes, 
hypertension, and renal problems were excluded from this 
study. Fetuses with structurally abnormalities on ultrasound 
were also excluded.
 Standard technique5 was followed by a single experi-
enced radiologist recorded fetal MCA-PSV on Siemens 
G-60 Doppler ultrasound machine (Fig. 1). 
 Microsoft Excel 2007 was used to evaluate the date of 
this study. The required statistical parameters were scientifi-
cally obtained using the SPSS Version 12 statistical analysis 
software. The median and standard deviation (SD) values of 
fetal MCA-PCV at 12, 24, and 36 weeks of gestation were 
determined. The Tukey-Kramer Multiple Comparison test 
was applied at 1% level of significance. Fitted percentiles 
of peak systolic blood flow velocity in the fetal MCA-PSV 
were also determined. Karl Pearson’s Correlation Coefficient 
(r) was used to study the relation between fetal MCA-PSV 
and gestational age. Standard t-test was used to study the 
significance of difference.

ReSUlTS

The mean and SD values of MCA-PCV at various gesta-
tional age (weeks) calculated at 95% confidence interval 
are shown in Table 1.
 The range of SD observed at 12 weeks of gestation was 
between ± 2.51, SD range at 24 weeks of gestation was from 
± 3.96, and at 36 weeks of gestation was ± 9.64. Thus, in this 
study, the range of SD gradually increased with increasing 
gestational age.
 As shown in scatter diagram (Fig. 2), on charting fetal 
MCA-PSV against gestational age in weeks, it was observed 
that MCA-PSV increased with advancing gestational age. 

Thus, a positive correlation was observed between the two 
as demonstrated by yellow colored line. The value of Karl 
Pearson’s correlation coefficient (r) for positive correlation 
between gestational age and fetal MCA-PSV was ± 0.52. As 
per the ‘t’ test, this correlation was significant (p < 0.05).
 The Tukey-Kramer multiple comparison test at 1% level 
of significance demonstrated normal distribution that was 
highly significant (p < 0.01).

dISCUSSIon

Apart from red blood cell alloimmunization, parvo virus B-19 
infection, twin-twin-transfusion syndrome and fetomaternal 
hemorrhage can also cause fetal anemias.3,4 The occurrence 
of intrauterine as well as perinatal morbidity and mortality 
can be brought down only if a prompt diagnosis and appro-
priate intervention is done.
 Other tests to detect fetal anemia like spectrophotometry 
of fluid obtained by amniocentesis or examination of cord 
blood obtained by cordocentesis have received a setback 
due to their invasive nature and associated risks.1-3,6,7 
 Other noninvasive methods like measuring spleen peri-
meter, hepatic span, and maximum velocity in intrahepatic Fig. 1: Location of middle cerebral artery on color flow imaging

Table 1: Mean and standard deviation values of middle cerebral 
artery peak systolic velocity at various gestational age (weeks) 
calculated at 95% confidence interval

Gestation 
(weeks) 

Mean ± SD 95% confidence interval 
Lower Upper

12 13.13 ± 2.51 11.00 17.21
24 22.57 ± 3.96 18.20 27.93
36 34.46 ± 9.64 24.14 43.77

Fig. 2: Scatter diagram depicting relationship between fetal middle 
cere bral artery peak systolic velocity and gestational age. The yellow 
line shows a positive linear correlation between the two. Blue stacks 
are the number of observations at 12, 24, and 36 weeks of gestation 
respectively
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Figures 3 to 5. Figure 3 shows MCA-PSV waveform pattern at  
12 weeks of gestation. The waveforms are subtle and fol-
lowed by a space in between. Figure 4 shows MCA-PSV 
waveform pattern at 24 weeks of gestation.  
 The vessel is better appreciated and sampled than at  
12 weeks gestation state. As seen in Figure 4, MCA is still 
better seen and can be sampled at 36 weeks. Increase in size 
of body parts, stabilized body movement pattern, and status 
of liquor help in better visualization of this vessel.
 In this study, we have also observed that results from 
proximal portion of proximal MCA nearest to ultrasound 
transducer show better reproducibility. This fact too is in 
agreement with observations of other researchers. 
 We have also seen that the standard deviation in measured 
MCA-PSV values becomes more with advancing age as has 
been present in other studies but not remained unnoticed.
 The strengths of this study are that in addition to demon-
strating how to scientifically measure fetal MCA-PSV, it also 
highlights the changing trends in MCA-PSV with advancing 
gestational age. Trimester-wise depiction of MCA waveform 
patterns that was lacking in other studies has been adequately 
covered in this study. This study successfully demonstrates 
the normal values of fetal MCA-PSV at various gestational 
ages in an Indian setting by using the standard internation-
ally accepted protocol.
 We, therefore, believe that by knowing the normal values 
in our setting, concerned specialist can compare their meas-
urements and decide about the presence of fetal anemia. But, 
there is an element of caution that is needed here. One has 
to always keep in mind that MCA-PSV assessment should 
be reserved for those patients who are at risk of having an 
anemic fetus-indiscriminate use of the MCA-PSV without 
a clear indication may cause more harm than good. It is 
neither wise nor good medical care to screen every patient 
with the MCA-PSV; and if the value is elevated, to assume 

Fig. 3: Normal middle cerebral artery peak systolic velocity in a 
fetus at 12 weeks of gestation

Fig. 4: Normal middle cerebral artery peak systolic velocity in a 
fetus at 24 weeks of gestation

Fig. 5: Normal middle cerebral artery peak systolic velocity in a 
fetus at 36 weeks of gestation

umbilical vein have sidetracked because measuring fetal 
MCA-PSV has been found to be the most sensitive and  
specific technique.8,9 If normal results emerge after a 
properly done MCA-PSV testing, the invasive diagnostic 
techniques can be safely avoided or delayed10 because fetal 
cerebral circulation changes are better predictors of fetal 
status rather than the changes in umbilical arteries.11

 Fetal MCA-PSV increases in anemia as anemic blood 
has low viscosity. The increased cardiac output in anemia 
also adds to the rise in MCA-PSV values.3,12 
 The relation between MCA-PSV and fetal hemoglobin 
is weak when the fetus is normal or mildly anemic and it 
strengthens with increasing severity of anemia.3 Posttherapy, 
as anemia decreases, the MCA-PSV values also normalize.13

 In this study, we have seen that the value of fetal MCA-
PSV gradually rises with increasing gestational age. Similar 
observations have been made by other researchers.1,5,14

 We have also observed that as gestational age advances, 
fetal MCA-PSV can be better evaluated as the vessel can 
be better identified and sampled. This fact is depicted in  
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that the fetus is anemic. This may create unnecessary anxiety 
and iatrogenic investigation. For example, if fetal-maternal 
hemorrhage is suspected, because of absent fetal movements 
and sinusoidal fetal heart rate tracing, an elevated MCA-PSV 
may strengthen the suspicion. On the contrary, an elevated 
MCA-PSV, in the presence of a reassuring fetal heart rate 
tracing and no anemia risk, does not indicate pathology—it 
may represent a false-positive case. Therefore, no interven-
tion is indicated when an elevated MCA-PSV value is found 
in the absence of the risk of fetal anemia.  Thrust should, 
therefore, be on the usage of this technique to evaluate clini-
cally suspected pregnancies in the appropriate fetomaternal 
setting; with an aim to reduce the burden of intrauterine and 
perinatal mortality and morbidity.

ConClUSIon

Globally, used parameter of measuring fetal MCA-PSV to 
noninvasively assess the presence of fetal anemia needs 
wide-scale acceptance in the developing world. This study 
demonstrates the normal values of fetal MCA-PSV at vari-
ous gestational ages in an Indian setting. Although judicious 
use of this technique in appropriate clinical setting can be 
very useful, one has to remember that indiscriminate usage 
in every pregnant lady can be harmful.
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