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ABSTRACT

Background: Anemia is an important global health
problem affecting nearly 529 million women of
reproductive age, including 38% of all pregnant women.
Anemia during pregnancy is a key contributor to maternal
mortality and poor birth outcomes in both low- and high-
income countries. Reducing maternal anemia is widely
recognized as central to the health of women and children.
Current WHO global targets call for a 50% reduction of
anemia in women of reproductive age by 2025. Maternal
anemia is a hypoxic condition that could be responsible
for the redistribution of fetal blood flow, however, no
evidence of placental insufficiency has been documented
currently. In the presence of fetal hypoxemia,
vasodilatation of the fetal middle cerebral artery occurs
resulting in the so-called “brain sparing effect” to preserve
cerebral oxygenation this plays a major role in fetal
adaptations to oxygen deprivation (compensatory flow or
adaptation changes).

Objective: The aim of this study was to evaluate the effect
of maternal anemia on fetal Doppler Indices namely
umbilical artery and middle cerebral artery and
subsequently fetal growth rate.

Patients and Methods: This study was designed as a
prospective comparative study was carried out in the
Departments of Obstetrics & Gynecology, Faculty of
Medicine, Fayoum University including 200 pregnant
women. The pregnant women were divided into three
groups: Group A: Patients with mild anemia (Hb
concentration: 9.0-10.9g/dl). Group B: Patients with
moderate anemia (Hb concentration: 7.0- 8.9g/dl). Group
C: Patients with severe anemia (Hb concentration:
>7.0g/dl). A "Mild" is a misnomer: iron deficiency is
already advanced by the time anemia is detected. The
duration of the study ranged from 6 to 12 months. Patients
aged 20-35 years with singleton living fetus of > 32
weeks gestation at time of first visit with no history of
chronic illness or medical disorder other than iron
deficiency anemia such as chronic hypertension, D.M. or
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chronic blood loss e.g.; peptic ulcer and no history of
recurrent perinatal deaths, recent blood transfusion or
other vitamin deficiency anemia

Results: Our results reported that there was no significant
difference between the studied groups regarding age and
BMI.As regard fetal Doppler cerebral artery Indices of the
three studied groups, the current study shows that there is
a significant difference between the three studied groups
regarding middle cerebral artery resistance index, middle
cerebral artery pulsatility index and middle cerebral artery
systolic/diastolic ratio. In the study in our hands, there is a
significant difference between the three studied groups
regarding umbilical artery resistance index, umbilical
artery pulsatility index, umbilical artery systolic/diastolic
ratio and middle cerebral/ umbilical artery resistance
index. The present study shows that there is a significant
difference between the three studied groups regarding
biparietal diameter, abdominal circumference and femur
length. There is a significant difference between the three
studied groups regarding amniotic fluid index at 10 days
later and at delivery. our results reported that as for the
AFI, no significant effect was noticed in the 3 groups. In
the study in our hands, there is a significant difference
between the three studied groups regarding middle
cerebral artery resistance index at 10 days later and at
delivery, umbilical artery resistance index at 10 days later,
and middle cerebral/ umbilical artery resistance index at
10 days later and at delivery. There is a significant
difference between the three studied groups regarding
Apgar at 5 min and birth weight.

Conclusion: There was a significant effect of maternal
anemia on fetal Doppler indices in bot umbilical artery and
middle cerebral artery in the last trimester of pregnancy
and this effect is directly proportionate to the severity of
anemia.

Keywords: Hemoglobin concentration, middle cerebral
artery resistance index, umbilical artery resistance index,
middle cerebral/ umbilical artery resistance index, birth
weight.
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INTRODUCTION

Anemia is defined as a condition in
which the body has a decreased number of
circulating erythrocytes, or red blood cells
(RBCs). It can also be defined as a decrease
hemoglobin concentration or RBC mass
compared with age-matched controls. As with
almost all human laboratory assays, normal value
is a statistical term used to define a range within
which 95% of the population’s values fall. The
World Health Organization (WHO) defines
anemia as a hemoglobin less than 13 g/dL in adult
men and less than 12 g/dL in non-pregnant adult
women. However, these values were chosen
somewhat arbitrarily; most laboratories define
anemia as the lowest 2.5% of the distribution of
hemoglobin values from a normal, healthy
population (1).

Erythrocytes originate in the bone
marrow as hematopoietic progenitor and
precursor cells. After several cell divisions,
mature RBCs emerge as discoid, pliable
anucleate cells, each containing 4 hemoglobin
molecules. An erythrocyte typically survives for
100 to 120 days before undergoing apoptosis
(programmed cell death). Erythropoiesis, or the
process of RBC production, occurs in a regulated
fashion under the control of the hormone
erythropoietin (EPO).

Patients and Methods

Study Design: This study was designed as a
prospective a prospective comparative cross-
sectional study include200 pregnant women who
attended.

Study Site: at The Departments of Obstetrics &
Gynecology. Faculty of Medicine, Fayoum
University

Duration of the study: The study was done
during the period between July 2019 and January
2019.

Sample Size: Total sample size in the study was
calculated to be two hundred patients (200). The
pregnant women were divided into three groups:
- Group A: Patients with mild anemia (Hb
concentration: 9.0-10.9g/dl). Group B: Patients
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In pregnancy, more than 50% of women
in underdeveloped or developing nations will
develop anemia. In developed nations, this rate
decreases to 20%. In the United States, the
biggest risk factor for developing anemia in
pregnancy is low socioeconomic  status;
nutritional deficiencies and chronic disease also
contribute (2).

Folate deficiencies since 1960s and B12
vitamin deficiencies since 1990s defined as
contributing causes of nutritional anemia. Folate
deficiency is common as a result of dietary
deficiency or increased demand as in pregnancy.
The prevalence of folate deficiency in pregnant
patients varies from

1 to 50%. The prevalence is higher
among economically deprived patients. B12
vitamin is mostly found in foods of animal origin
and deficiency was not reported as a frequent
cause of anemia. Anemia due to zinc, copper,
vitamin A or other vitamin and minerals are also
considered in the literature (3).

Aim of the Study

This study aims to evaluate the effect of
maternal anemia on fetal Doppler Indices namely
umbilical artery and middle cerebral artery and
subsequently fetal growth rate.

with moderate anemia (Hb concentration: 7.0-
8.9¢g/dl). Group C: Patients with severe anemia
(Hb concentration: >7.0g/dl). A "Mild" is a
misnomer: iron deficiency is already advanced by
the time anemia is detected. The deficiency has
consequences even when no anemia is clinically
apparent. The hemoglobin cut-off of 11 g/dl for
pregnant women was first presented in the 1968.

With the following criteria for three groups:

Inclusion criteria: Patients aged 20-35 years
with singleton living fetus of > 32 weeks’
gestation at time of first visit with no history of
chronic illness or medical disorder other than iron
deficiency anemia such as chronic hypertension,
D.M. or chronic blood loss e.g.; peptic ulcer and
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no history of recurrent perinatal deaths, recent
blood transfusion or other vitamin deficiency
anemia

Exclusion criteria: Patients with pregnancy
associated disorders as: Preeclampsia, gestational
diabetes or placenta previa (recurrent vaginal
bleeding) were excluded from the study.

Data management and Statistical Analysis:
Data collected throughout history, basic clinical
examination, laboratory investigations and
outcome measures coded, entered and analyzed
using Microsoft Excel software. Data were then

RESULTS

Table 1 shows that There is no significant
difference between the three studied groups
regarding age and BMI. Table 2 shows There is a

imported into Statistical Package for the Social
Sciences (SPSS version 20.0) (Statistical Package
for the Social Sciences) software for analysis.
According to the type of data qualitative
represent as number and percentage, quantitative
continues group represent by mean = SD, the
following tests were used to test differences for
significance; correlation by Pearson's correlation
or Spearman’s. P value was set at <0.05 for
significant results & <0.001 for high significant
result. Data were collected and submitted to
statistical analysis. The following statistical tests
and parameters were used.

significant difference between the three studied
groups regarding ferritin.

Table 1: Demographic data of the three studied groups

Group A Group B Group C

(N=67) (N=67) (N=66) P
Age (years) Mean + SD 29.56 +5.31| 30.7+4.91| 31.1+4.12|184| .161
BMI (kg/m?) Mean + SD 27.29 +2.69| 26.12+3.39| 26.61+3.84|2.08| .128

Table 2: Specific Laboratory parameters of the three studied groups.

Group A Group B | GroupC
(N=67) (N=67) | (N=66) | F P
Ferritin (ng/mL) Mean=SD | 352%7.64 | 2844+ [ 2271+ [348[ 000
8.55 9.65
RBS (mg/dL) Mean + SD 110.75 +14.5| 141.96 111.8+ |132 271
+17.65 14.52

Table 3 shows There is a significant
difference between the three studied groups
regarding  biparietal diameter, abdominal
circumference and femur length. Table 4 shows
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that There is a significant difference between the
three studied groups regarding Apgar at 5 min and
birth weight.
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Table 3: Fetal biometry of the three studied groups.

Group A GroupB | GroupC
(N=67) (N=67) (N=66) F P
Biparietal diameter 77.15 75.42 7287 |g814| 000
Mean + SD +3.86 + 453 +5.18
Abdominal circumference 25 95 24.11 2234|918 000
Mean + SD +3.68 +3.92 +422 | '
Femur length 56.9+ 55.18 52.97
Mean % SD 3.49 +3.98 +417 (111} .000
Table 4: Fetal characteristics of the three studied groups
Group A Group B Group C
(N=67) (N=67) (N=66) F P
Apgar atsminMeanSD | g5, 146 | gg14156 | 7.46+255 | 42| 000
Birth weight (kg) Mean +SD 3334098 | 291+106 | 2644121 [581| .002

Table 5 shows that There is a significant
difference between the three studied groups
regarding middle cerebral artery resistance index,

middle cerebral artery pulsatility index and
middle cerebral artery systolic/diastolic ratio.

Table 5: Fetal Doppler cerebral artery Indices of the three studied groups

Group | Group | Group
A B C F p
(N=67) | (N=67) | (N=66)
Middle cerebral artery resistance index. Mean = | .963+ | .939+ 1.08+ 216 000
SD .066 041 079 ' '
Middle cerebral artery pulsatility index. Mean = | 141+ | 147+| 162+ 791 001
SD 225 .165 155 ' '
Middle cerebral artery systolic/diastolic ratio 382+| 392+| 341+
index. Mean + SD 744 .701 548 3.56 034
Middle cerebral artery peak systolic 40.74 | 4078 | 4243
velocity index. Mean + SD +6.33| *6.53| +712 0.460 634

Table 6 shows that There is a significant
difference between the three studied groups
regarding amniotic fluid index at 10 days later
and at delivery. Table 7 shows that There is a
significant difference between the three studied
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groups regarding umbilical artery resistance

index, artery pulsatility

umbilical

index.

umbilical

artery systolic/diastolic ratio and
middle cerebral/ umbilical artery resistance
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Table 62 Amniotic fluid index of the three studied groups

Group A Group B Group C
(N=67) (N=67) (N=66) F P
AFI1 on admission (cm) 13.44 £ 13.61 + 13.39 £ 274 087
Mean £SD 0.75 0.56 0.81 ‘ '
AF1 10-days later (cm) 12.12 + 12.43 + 1278 + 4.9 007
Mean £SD 1.23 131 1.09 ) :
AFI at delivery (cm) 10.89 + 11.24 + 11.95 + 5,05 005
Mean + SD 165 2.03 2.16 : :

Table 7: Fetal Doppler Umbilical artery Indices of the three studied groups.

GroupA | GroupB | GroupC
(N=67) (N=67) (N=66) F ®
Umbilical artery resistance index 872+ 818 987 £ 8,63 000
.067 .056 .062
Mean + SD
Umbilical artery pulsatility index 729 £ J77 £ 111+ 138 000
.081 .093 275
Mean + SD
Umbilical artery systolic/diastolic ratio 218+ 242 275+ 8.72 000
Mean £ SD .043 .345 .705 ’ ’
Middle cerebral/ Umbilical artery resistance 876 + .868 = 978 + 187 000
index Mean + SD .093 .081 .084 ) ’

DISCUSSION

Anemia in general is characterized by a
decrease in number of red blood cells or less than
the normal quantity of hemoglobin. The condition
is determined by the expected normal range of
hemoglobin in a population, and is defined as
existing in an individual whose hemoglobin
concentration (Hb) has fallen below a threshold
lying at two standard deviations below the
median for a healthy population of the same
demographic characteristics, including age, sex
and pregnancy status (4).

Most of the work of erythropoiesis
occurs in the bone marrow. It takes about 25 days.
In children younger than 5 years old, the marrow
of all the bones of the body is enlisted for.
According to United Nation declaration 1997,
anemia is a major public health problem that
needs total elimination. It is estimated that
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globally two billion people suffer from anemia or
iron deficiency (6).

Maternal anemia is frequently associated
with premature delivery, reduced neonatal
weight, infant iron deficiency, neonatal death, and
low APGAR scores at 1 min. It is also suspected
to reduce the oxygen supply to the growing fetus,
leading to the redistribution of fetal blood flow

).

There is no significant difference
between the three studied groups regarding age
and BMI. Our results agree with study of
Khalafallah et al., (8) as they reported that there
was no significant difference between the studied
groups regarding age and BMI. Furthermore,
Sharbaf et al., (9) demonstrated that independent
t-test analysis did not show any significant



ISSN: 2536-9474 (Print)
ISSN: 2536-9482 (Online)

Original article / FUM)J
Fayoum University Medical Journal Abdel Samie et al., 2021; 8(2): 29-38

differences between both groups regarding
maternal age (p=0.51).

Anemia is an important global health
problem affecting nearly 529 million women of
reproductive age, including 38% of all pregnant
women. Anemia during pregnancy is a key
contributor to maternal mortality and poor birth
outcomes in both low- and high- income
countries. Reducing maternal anemia is widely
recognized as central to the health of women and
children. Current WHO global targets call for a
50% reduction of anemia in women of
reproductive age by 2025 (10).

The present study shows that there is a
significant difference between the three studied
producing red blood cells. As a person ages, red
blood cells are eventually produced only in the
marrow of the spine, ribs, and pelvis (5). The
groups regarding Hb, MCV, MCH and MCHC.
There is a significant difference between the three
studied groups regarding ferritin. Our results are
supported by study of Abdel- Megeed et al., (11)
as they reported that in this study the hemoglobin
level in anemic patients ranged from 5.0-10.9 g/dl
while in non-anemic was 11-13.8 g/dl, there was
a significant decrease in hemoglobin level in
anemic more than non-anemic, these results
obeying the inclusion and exclusion criteria.

Furthermore, Kumar et al., (12) found
that there is a significant difference between the
three studied groups regarding Hb, MCV, MCH.
Prevalence of anemia in pregnancy is quite high.
Their figures showed more than half of the
mothers were anemic to start with. Similar figures
are quoted in other studies as well. The trend in
Hb level is quite interesting. The mid-trimester
drops seen in nonanemic mothers was not seen in
anemic mothers. This indicates that mid-trimester
drop in Hb is a very essential physiological
arrangement. However, in anemic mothers, as the
mean Hb in the mid-trimester was below that in
nonanemic mothers, no drop phenomenon was
seen (13).

Furthermore, Lasheen et al., (14)
revealed that there was a statistically significant
difference among Hb levels on admission among
the three studied groups.
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The middle cerebral artery (MCA) may
also predict fetal outcomes from alterations in
cerebral blood flow and its direction. It was
confirmed that during the prenatal period, the
resistance in the cerebral artery of the fetus is
high. However, this parameter can change in
threatening conditions, such as placental

insufficiency and hypoxemia, due to
stimulation of chemoreceptors and alteration in
vasodilator or vasoconstrictor agents. MCA
Doppler measurement has been advocated as an
efficient modality for detection of fetal hypoxia,
which leads to perinatal adverse outcome and
fetal compromise (15).

As regard fetal Doppler cerebral artery
Indices of the three studied groups, the current
study shows that there is a significant difference
between the three studied groups regarding
middle cerebral artery resistance index, middle
cerebral artery pulsatility index and middle
cerebral artery systolic/diastolic ratio.

Our results are in line with study of
Abdel-Megeed et al., (11) as they showed
comparison between the different studied groups
regarding Middle cerebral artery resistance index,
pulsatility index, systolic/diastolic ratio and peak
systolic  velocity. Middle cerebral artery
resistance index in control group ranged from
0.792- 0.923 with mean value 0.821+0.035, in
mild anemia group ranged from 0.78-0.98 with
mean value 7.34+0.06, in moderate anemia group
ranged from 0.79-0.91 with mean value
0.81£0.06, in severe anemia group ranged from
0.56-0.80 with mean value 0.70+0.08.

There was statistically significant
relation between the different studied groups
regarding Middle cerebral artery resistance index
(P<0.05). Ali et al., (16) stated that fetal Doppler
examination at admission found that severe
maternal anemia induced significant
hemodynamic changes at the cerebral level. The
mean middle cerebral artery resistance index was
significantly lower in the anemia group than in
the control group. This could be due to hypoxia-
induced cerebral vasodilatation affecting the fetus
during severe anemia. Furthermore, Sharbaf et
al., (9) demonstrated that with regard to Doppler
examination, MCA PI between the studied groups
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was significantly different. Some studies have
demonstrated that diagnosis and management of
FGR rely on umbilical artery Doppler (UAD) and
others have shown the benefits of uterine artery
Doppler assessment in the first-trimester
development of FGR. The value of combining
pulsatility indices (PI) of both the umbilical
artery (UA) and uterine artery for improving
prediction of FGR has also been demonstrated
(18).

In the study in our hands, there is a
significant difference between the three studied
groups regarding umbilical artery resistance
index, umbilical artery pulsatility index,
umbilical artery systolic/diastolic ratio and
middle cerebral/ umbilical artery resistance
index.

Our results are supported by study of
Abdel-Megeed et al., (11) as they reported that
the umbilical artery resistance index in control
group ranged from 0.50-0.68, in mild anemia
group ranged from 0.54-0.71, in moderate anemia
group ranged from 0.59-0.74, in severe anemia
group ranged from 0.60-0.77. There was
statistically significant relation between the
different studied groups regarding Umbilical
artery resistance index (P< 0.05).

Umbilical artery pulsatility index in
control group ranged from 0.77-0.85, in mild
anemia group ranged from 0.60-0.88, in moderate
anemia group ranged from 0.67-0.90, in severe
anemia group ranged from 0.77-1.80. There was
statistically significant relation between the
different studied groups regarding Umbilical
artery pulsatility index (P < 0.05). Umbilical
artery systolic/diastolic ratio in control group
ranged from 2.09-2.2, in mild anemia group
ranged from 2.13-2.23 with mean value, in
moderate anemia group ranged from 2.10-3.40, in
severe anemia group ranged from 2.15-4.30.
There was statistically significant relation
between the different studied groups regarding
Umbilical artery systolic/diastolic ratio (P <
0.05).

In Ali et al. (16) study, the middle
cerebral/umbilical artery resistance ratio was
significantly lower at admission in the anemia
group; suggesting that the fetus had adapted to
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anemic conditions by redistributing blood flow
towards brain.

The middle cerebral/umbilical artery
resistance ratio in the anemia group increased
significantly between admission and 4weeks, and
between admission and 6weeks. Severe maternal
anemia results in the fetus experiencing a hypoxic
state and this triggers a marked fetal cerebral
vasodilatation to maintain oxygenation of brain
tissue, which was evident in the present study by
the observed decrease in the middle cerebral
artery resistance index. Long-standing cerebral
vasodilatation can result in a fetus experiencing
cerebral edema and brain damage.

In moiety & Ahmed (21) study, as for the
C\U ratio, in groups B and C [moderate and
severe anemia], the C/U values were below the
normal range (<1.1), which confirms that the
fetus had to adapt by increasing its blood flow
redistribution towards the brain. Such adaptation
was confirmed by the increase of the C/U ratio
after maternal red blood cell transfusion and
parenteral iron supplementation. The increase in
cerebral resistance after the transfusion without
significant change in umbilical or uterine
resistance confirms that maternal anemia does not
create placental dysfunction and that the situation
can be restored quickly by two units of red blood
transfusion to the patient or intravenous iron.

In Group (A) [mild anemia], the C/U
values were within the normal range, which
means that the blood flow distribution between
the brain and placenta was normal, despite the
maternal hemoglobin content being significantly
lower compared to normal

The timing of the measurement of
maternal anemia is also variable across studies.
This is problematic for meta- analyses, as existing
literature suggests a differential impact of
maternal Hb concentration depending on the
timing during pregnancy.

For low Hb concentration, the link with
adverse birth outcomes is more evident when Hb
concentration is measured in early pregnancy. As
summarized in a recent review, several studies
have observed a U- shaped curve for the risk of
adverse birth outcomes with maternal Hb, that is,
there is a higher risk of adverse outcomes among
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women with both low and high Hb
concentrations. However, the consistency of this
relationship varies based on the trimester of Hb
assessment (19).

The present study shows that there is a
significant difference between the three studied
groups regarding biparietal diameter, abdominal
circumference and femur length. There is a
significant difference between the three studied
groups regarding amniotic fluid index at 10 days
later and at delivery.

Findings of our results are not coincided
with study of Lasheen et al., (14) as they reported
that as for the AFL, no significant effect was
noticed in the 3 groups but a potential benefit
might rise which is the prevention of
development of oligohydramnios as pregnancy
advances especially in group (C) [severe anemia].
This is similar to what have been reported by
Milan et al., (20) in 2005 that there was no
statistically significant increase in AFI after
treatment.

Anemia in pregnant women has been
regarded as detrimental to the fetal growth and
pregnancy outcome. Low birth weight and
preterm delivery have been persistently linked to
anemia in pregnancy. The role of anemia in
pregnancy and iron on the growing fetus has been
studied in the last few decades.

The outcome of these studies is either
inconclusive or at the most supportive of the
popular notions held so far regarding pregnancy
outcome and anemia. Hence, most of the
countries have adopted the policy of
supplementing pregnant women with iron and
folic acid with a view that increasing the Hb
levels has some beneficial effect (17).

In the study in our hands, there is a
significant difference between the three studied
groups regarding middle cerebral artery
resistance index at 10 days later and at delivery,
umbilical artery resistance index at 10 days later,
and middle cerebral/ umbilical artery resistance
index at 10 days later and at delivery. There is a
significant difference between the three studied
groups regarding Apgar at 5 min and birth weight.
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However, Swain et al., (22) have reported
an inverse relation between the second trimester
Hb and birth weight. The analysis of qualitative
variables in our data has revealed noteworthy
clinically relevant results.

The incidence of low birth weight babies
in the two groups remained similar with minimal
difference and there was no statistical
significance in the first two trimesters. The
difference was significant only if the mothers
were anemic in the third trimester. Many studies
conducted by Levy et al., (23) have reported
significant association between low birth weight
and maternal anemia.

A retrospective study has shown no
association between the first trimester anemia and
low birth weight (24). Most of these studies have
considered the Hb levels in the third trimester or
at delivery for comparison (23). This could well
suggest that third trimester Hb is an important
factor in determining birth weight.

It is well known that rapid growth of
fetus occurs in the third trimester. Iron and other
micronutrient accretion rates are the highest in
the same trimester as well. This physiology
explains the association of third trimester Hb and
low birth weight. In contrast to the above,
association of preterm delivery with maternal
anemia is quite striking. Except for the first
trimester, anemia in other trimesters has shown
significantly increased incidence of preterm
delivery. This association appears strongest in the
third trimester. There are many studies conducted
by Lone et al., (25) showing similar association.

CONCLUSION

There was a significant effect of
maternal anemia on fetal Doppler indices in both
umbilical artery and middle cerebral artery in the
last trimester of pregnancy and this effect is
directly proportionate to the severity of anemia.
Close monitoring of the fetal umbilical and
cerebral circulation by Doppler examination in
anemia pregnant females allows the measurement
of the amplitude of the fetal vascular response as
in severe maternal anemia strongly associated
with marked fetal hemodynamic adaptation and
trigger fetal blood flow redistribution.
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