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Abstract

Background: Most prevalent cause of fetal anemia is Rh incompatibility between the mother's and the fetus's blood
types, where antibodies from the mother damage the fetus's red blood cells causing fetal hemolytic anemia.

Objective: To compare the Doppler of the middle cerebral artery of the fetus and cord blood hemoglobin to diagnose
fetal anemia among Rh-negative women in the last trimester of pregnancy.

Methodology: This was a cross-sectional study conducted at the Gynecology & Obstetrics Department, Mercy
Teaching Hospital Peshawar, from February 2020 to May 2021. A total of 126 Rh-negative blood group women were
included who were in the last trimester of the pregnancy. Ethical approval was obtained from Ethics Committee and
informed written consent was taken from the study participants. Middle cerebral artery Doppler peak systolic velocity
was checked at 28th, 32nd, and 34th week of gestation. If middle cerebral artery Doppler peak systolic velocity
changes were present, then patients were closely monitored and managed appropriately for post-delivery assessment
of cord blood fetal anemia. A pre-designed structured proforma was used to collect patient details.

Results: Mean age of 126 pregnant mothers was 28+7 years, and the mean parity was 4.57+2. The overall frequency
of fetal anemia among Rh-negative women predicted by middle cerebral artery Doppler peak systolic velocity was 59
(46.8%), while anemia on cord blood sampling after delivery was found in 43 (34.1%) of babies. No anemia was
found in 83 (65.8%) study participants. The sensitivity and specificity of middle cerebral artery Doppler were 100%
and 84% respectively.

Conclusion: Middle cerebral artery Doppler can be a simple noninvasive method to detect fetal anemia before the
development of hydrops fetalis with high sensitivity and specificity.
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Introduction

Anemia develops when circulating red blood cells
and hemoglobin levels decrease below the normal
level.' Fetal anemia is considered an important
cause of morbidity and fetal death. The most
prevalent cause of fetal anemia is Rh-
incompatibility between the mother and the fetus
blood types, known as iso-immunization. In this
condition, the antibodies from the mother damage
the fetus's red blood cells causing fetal hemolytic
anemia.' During pregnancy, red blood cells from
the fetus cross into the mother's bloodstream
through the placenta. If the mother is Rh-negative,
her immune system treats Rh-positive fetal cells
as foreign and starts producing IgG antibodies
against them leading to fetal hemolytic anemia.”™’
A severe manifestation of fetal anemia is the
immune hydrops also called Rh-disease. In severe

conditions, fetal hematocrit value falls below 15%
(Hb <5g/dl), resulting in generalized edema, ascites,
pericardial effusion, and pleural effusion leading to
hydrops fetalis.” Untreated fetal hydrops is usually
not survivable and lead to the death of the fetus in-
utero or newborn due to severe anemia and tissue
hypoxia.’ The overall prevalence of disease caused
by Rh-incompatibility is around 276/100,000 births
worldwide. Out of the total Rh-disease cases, around
50% of the babies die or may develop some kind of
serious complication like brain damage if not treated
in time. The developed world has improved perinatal
and neonatal care so the prevalence of Rh
incompatibility in these countries has decreased to
2.5/100,000 live births. However, the condition in
the developing world is still worse and they need a lot
of improvement in their perinatal care to overcome
this problem.’
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The management of pregnancies complicated by
Rhesus isoimmunization involves invasive
procedures like amniocentesis and cordocentesis.
These procedures are usually associated with
multiple complications like rupture of
membranes, infections, fetal bleeding which
further worsen hemolysis and fetal loss. This has
prompted many investigators to use a non-
invasive test to diagnose fetal anemia. Middle
cerebral artery peak systolic velocity (MCA-PSV)
is a very good method for identifying fetuses
having arisk of anemia."’

MCA-PSV is a valid and sensitive non-invasive
way to detect fetal anemia and follow fetuses at
risk in-utero. The middle cerebral artery blood
velocity increases with advancing gestational age
and is a safe method of detecting anemia in
pregnancies complicated by maternal blood group
isoimmunization. This is an easy method to
predict anemia and has high sensitivity, as cerebral
vessels respond early to the fetal anemic state.*”
The aim of this study was to predict fetal anemia
among Rh-negative women by using a non-
invasive test i.e., middle cerebral artery doppler
ultrasound so that other invasive tests like
cordocentesis, amniocentesis can be omitted and
to ensure timely management.

Methodology

This was a cross-sectional study done at
Gynecology and Obstetrics Department, Mercy
Teaching Hospital Peshawar, from February 2020
to May 2021. The sample size was calculated by
using the WHO sample size formula. The
prevalence of severe fetal anemia was 20% with a
confidence interval of "95%" with a margin of
error of "7%", which gave a total sample of 126
cases. A non-probability consecutive sampling
technique was used.

Ethical approval was taken from the Institutional
Ethical Committee and informed written consent
was sought from all participants. Women who had
Rhesus antigen-negative blood group, whose
husbands had Rhesus antigen-positive blood
group, and having a gestational age of 24 weeks
onward were included in the study. A complete
history and examination were done during the
antenatal period. Fetal anemia was predicted by
doing middle cerebral artery Doppler peak
systolic velocity and patients were managed

according to gestational age and severity of anemia
either by inducing labor or referring the patient for
intrauterine blood transfusion. The diagnosis was
confirmed by doing cord blood sampling after
delivery to know the newborn hemoglobin level.
Middle cerebral artery Doppler peak systolic
velocity was done at 28th, 32nd, and 34th week of
gestation.

In cases where middle cerebral artery Doppler peak
systolic velocity was normal at 34 weeks, regular
antenatal follow-up was carried out till 38th week.
However, if middle cerebral artery Doppler peak
systolic velocity changes were present, then patients
were closely monitored and managed. In order to
eliminate inter-observer bias ultrasound was
performed by the same Sonologist. A pre-designed
structured proforma was used to collect patient
details.

All the analysis was done using SPSS version 20.0.
Mean and standard deviation was computed for
numeric variables like parity and gestational age,
while frequencies and percentages were computed
for categorical variables like fetal anemia. Fetal
anemia was stratified among parity and gestational
age. To compare between anemia on middle cerebral
artery Doppler peak systolic velocity and laboratory
method, a hemoglobin level of the fetal cord blood
was done after delivery. The sensitivity and
specificity of both methods were calculated. All the
results were presented in the form of tables and
charts.

Results

A total of 126 pregnant women in their last trimester
having Rh-negative blood group were observed.
Among these 7 (5.56%) had a gestational age of less
than 35 weeks, 57 (45.24%) had 35-37 weeks while
62 (49.21%) had above 37 weeks. Age distribution of
the study population showed that the average age of
the participants was 28.52+7.46 years. Most of the
participants were in the age group 21-34 years
while15.9% were below the age of 20 years.

When we analyzed fetal anemia based on the
maternal gestational age, the present study showed
that the gestational age of the Rh-negative mothers
has no role in fetal anemia as shown by the
statistically non-significant (p-value=0.755) in
table-1.
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Table-I: Stratification of fetal anemia over

gestational age (n=126)

Gestational Fetal Anemia P-
age Total |
Weeks Yes No value
<35 4 (57.1%) | 3 (42.9%) | 7 (100%)
35-37 25 (43.9%) [32 (56.1%)|57 (100%)
>37 30 (48.4%) |32 (51.6%)[62 (100%)| 0.755
126
o, o,
Total 59 (46.8%) |67 (53.2%) (100%)

This study identified an increased frequency of
anemia in mothers with higher parity as compared
to low parity. There was a statistically significant
(p-value=0.001) association between maternal
parity and fetal anemia as shown in table-II.

Table-I1: Distribution of fetal anemia based on
maternal parity (n=126)

Maternal Fetal Anemia P-
. Total
Parity Yes No value
<4 10 (25.0%) | 30 (75.0%) | 40 (100%)
4-7 46 (55.4%) | 37 (44.6%) | 83 (100%) 0.001
>7 3 (100.0%) 0 3(100%) |

Total

59 (46.8%) | 67 (53.2%) |126 (100%)

The overall predicted frequency of fetal anemia
among Rh-negative women using MCA-PSV was
found to be 47 (46.8%), while 67 (53.2%) had no
fetal anemia as shown in table-III.

Table-III: Predicted fetal Anemia on middle
cerebral artery Doppler peak systolic velocity

Doppler report Frequency Percent
Predicted Anemia 59 46.8
Normal 67 53.2

Table-III shows that 43 (34.1%) cases had anemia
of different severity on the fetal cord blood

hemoglobin after delivery of the baby, while 83
(65.8%) had no anemia.

Table-1V: Frequency and severity of fetal anemia
after delivery on cord blood Hb level

Anemia Status Frequency | Percent
Severe anemia
(Hb:<5g/dl) 4 3.2
Moderate anemia
(Hb: 5-7 g/d)) 12 93
Mild anemia (Hb: 8-
10 g/dl) 27 21.4
Normal level
(>10g/dl) 83 63.9

To find the sensitivity and specificity of MCA-DPYV,
we compared the results obtained from Doppler with
the laboratory results of anemia shown in table-III
and IV respectively. On comparing the 59 (46.8%)
cases of fetal anemia as predicted by the middle
cerebral artery Doppler peak systolic velocity with
43 (34.1%) newborn anemia determined by the cord
blood sampling, there were 16 false-positive cases.
The sensitivity and specificity of MCA-DSV were
then calculated by using a 2 by 2 table were 100% and
83.8% respectively.

Discussion

Fetal anemia is a life-threatening condition and the
commonest cause is Rh-incompatibility between
mother and the fetus blood types. Fetal hemolytic
anemia is one of the leading causes of anemia in-
utero which is most commonly caused by Rh-D
alloimmunization. An early in-utero diagnosis and
management are needed to prevent morbidity and
mortality associated with this condition.’

The present study was aimed to find the usefulness of
MCA-DSV for early detection of fetal anemia in-
utero. The study participants were 126 women
having Rh-negative blood groups, with different
gestational ages. The average age of the study
participants was 28.52+7.46 years. Most of the
participants were in the age group between 21-34
years. Our study is supported by another study
having 111 participants and most of the participants
were in this age group."

The present study also showed that maternal age has
no role (p-value=0.755) in the fetal Hb levels and
anemia. We observed anemia in fetuses of different
age groups of mothers. Our findings are supported by
different studies where maternal age has no role in
hydrops fetalis and anemia,” however, some studies
showed that maternal age favors iron deficiency
which causes maternal anemia leading to fetal
anemia and low birth weight.""” Similarly, when we
analyzed fetal anemia among Rh-negative women, it
was seen in 47 (46.8%) of participants while 67
(53.2%) had no fetal anemia. However, after birth,
analysis of fetal cord blood hemoglobin showed that
43 (34.1%) of babies had anemia while 83 (65.8%)
were normal. A study conducted by Fatemeh Rahimi-
Sharbafet al, showed that around 80% of fetuses with
severe diseases could be detected by MCA-PSV
which supports our findings to some extent. "

When we compared the results of MCA-DSV, the
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sensitivity and specificity of the test were very
significant. On comparing the 59 (46.8%) cases of
fetal anemia as predicted by the MCA-PSV with
43 (34.1%) newborn anemia determined by the
cord blood sampling, there were 16 false-positive
cases. The sensitivity and specificity were 100%
and 83.8% respectively. Our findings are
supported by different studies in the literature. A
small sample study showed that the sensitivity of
MCA-DSV for prediction of fetal anemia was
90.5% and specificity was 78.6%."* Another study
showed sensitivity, specificity of 86.8%, 90.3%,
respectively " which support our findings of the
present study. The present study showed that
MCA-DSV is a good non-invasive method for the
detection of fetal anemia. Although our findings
are encouraging, this is a small sample size study
and the results could not be generalized.
Furthermore, large sample size studies at multiple
hospitals are suggested for further refinement.
Another limitation of the study was the lack of
facilities available for intra-uterine blood
transfusion across the province, so blood
transfusion was not done at that stage.

Conclusion

Middle cerebral artery peak systolic velocity is a
diagnostic technique that allows a rapid,
noninvasive prediction of fetal anemia with high
sensitivity and specificity dictating the urgency of
treatment. It is a method that can serve as a first-
line monitoring tool for fetal anemia, however, the
availability of facilities for intra-uterine blood
transfusion must be made available for effective
management.
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