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ABSTRACT
Aim of the work: The aim of this study was to evaluate the effect of maternal anemia on fetal Doppler indices ; namely, 
umbilical artery and middle cerebral artery in the last trimester of pregnancy. 
Patients and Methods: This study was designed as a prospective case control clinical trial carried out in obstetric 
outpatient clinics and inpatient ward, Ain Shams University Maternity Hospital on 200 patients. The patients must follow 
these criteria:Gestational age between 28-40 weeks of singleton pregnancy (calculated by their last menstrual period or 
by earlier ultrasound), fetus is alive and normal fetal ultrasound parameters. 
Results: The umbilical artery resistance index showed a significant increase in moderate severe anemic patients more 
than the control group. Umbilical artery pulsatility index showed a significant increase in severe anemic group more than 
the other 3 groups.Umbilical artery systolic/diastolic ratio showed a significant increase in severe anemic more than the 
other groups. Finally, the umbilical artery cerebral/umbilical artery resistance ratio showed a significant increase in severe 
anemic more than the other groups. 
Conclusion: GA at delivery in different groups was matched, i.e. there was no statistical significant difference between 
different studied groups regarding GA at delivery (P > 0.05).  Neonatal ICU admission were 2(4%), 2(4%), 4(8%) and 
9(18%) in different groups, respectively. There was statistical significant difference between different studied groups 
regarding Neonatal ICU admission (P < 0.05).
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INTRODUCTION                                                                    

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[1].

The actual process of making red blood cells is called 
erythropoiesis. In Greek, erythro means "red," and poiesis 
means "the making of things." So, Erythropoiesis is the 
process of manufacturing, recycling, and regulating 
the number of red blood cells[2]. 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 bones of the body is enlisted for producing red blood 
cells. As a person ages, red blood cells are eventually 

produced only in the marrow of the spine, ribs, and pelvis[3].

According to the United Nations (UN) estimates, 
approximately half of pregnant women suffer from anemia 
worldwide. Nutritionally related iron deficiency is the 
main cause of anemia throughout the world. It is especially 
common in women of reproductive age and particularly 
during pregnancy. The demand for iron increases about six 
to seven times from early pregnancy to the late pregnancy[4].

Folate deficiencies since 1960s and B12 vitamin 
deficiencies since 1990s were 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 food 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[4].
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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 in the last trimester of 
pregnancy.

PATIENTS AND METHODS                                                                    

Study Design: This study was designed as a 
prospective case control clinical trial.

Study Site: Obstetric outpatient clinics and inpatient 
ward, Ain Shams University Maternity Hospital.The study 
was approved by the Ethics Board of Ain Shams University 
and an informed written consent was taken from each 
participant in the study.

Duration of the study: The study was done during 
the period between January 2017 and January 2018.

Sample Size: Total sample size in the study was 
calculated to be two hundred patients (200). They were 
randomized into two groups:

1-Group one: anemic pregnantfemales (study group) 
including 150 women divided according to degree of 
anemia.  Group two: non anemic pregnant females (control 
group) including 50 women. 

2-Study population: Study population comprises 
women attending Ain Shams Maternity Hospital,the 
obstetric outpatient clinics and inpatient ward, fulfilling the 
inclusion criteria required for the study and who agreed to 
participate after consent approval.

Subject: These pregnant ladies were divided into two 
groups:

1- Study Group : (anemia group) including 150 
women divided according to degree of anemia into three                                                                                                               
subgroups : Mild anemia: including 50 women with 
hemoglobin level 10-10,9 g/dl. Moderate anemia: 
including 50 women with hemoglobin level 7-9,9 g/dl. 
Severe anemia: including 50 women with hemoglobin 
level lower than 7 g\dl.

2- Control Group: including 50 women with hemoglobin 
level equal or above 11 g/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. In healthy, 
iron-sufficient women, hemoglobin concentrations 

change dramatically during pregnancy to accommodate 
the increasing maternal blood volume and the iron 
needs of the fetus. Concentrations decline during the                                                                                         
first trimester, reaching their lowest point in the second 
trimester, and begin to rise again in the third trimester.

With the following criteria for both groups: Inclusion 
criteria included gestational age between 28-40 weeks of 
singleton pregnancy (calculated by their last menstrual 
period or by earlier ultrasound) ; Fetus is  alive ; Normal 
fetal ultrasound parameters. Exclusion criteria included 
experiencing labor, any major congenital fetal anomalies, 
any hemoglobinopathies, hemolytic anemia, anemia of 
chronic infection, intrauterine fetal growth retardation, 
oligohydramnios or polyhydramnios and maternal diseases 
like diabetes, pre-eclampsia, bronchial asthma, etc.

Data Management and Analysis:The collected 
data has been revised, coded, tabulated and introduced 
to a PC using Statistical package for Social Science                                                                 
(SPSS 15.0.1 for windows; SPSS Inc, Chicago, IL, 2001). 
Data were presented as mean and standard deviation                                                                                   
(± SD) for quantitative parametric data and median and 
interquartile range for quantitative non-parametric data.  
Frequency and percentage were used for presenting 
qualitative data. Suitable analysis was done according to 
the type of data obtained. Student T Test or Mann Whitney 
test was used to analyze quantitative data ; while Chi-
square test and fisher exact test  were used to analyze 
qualitative data. P- value: level of significance: P>0.05: 
Non-significant (NS). -P< 0.05: Significant (S). P<0.01: 
Highly significant (HS).

RESULTS                                                                         

Table 1 shows comparison between the different studied 
groups regarding demographic data. Age in non-anemia 
group ranged between 22-35 with mean value 28.7±3.76 
and in anemia group ranged from 22-35 with mean value 
28.5±4.23.

Parity in non-anemia group ranged from 0-3 child with 
mean value 1.5±1.05 and was ranged from 0-3 child in 
anemia group with mean value 1.4±1.12. Hemoglobin in 
non-anemia group ranged from 11-13.8 with mean value 
12.4±0.91 and ranged from 5-10.9 in anemia group with 
mean value 8.3±1.93.Gestational age at the Doppler in 
non-anemia group ranged from 28-40 with mean value 
34.1±3.75 and in anemia group ranged from 28-40 with 
mean value 33.7±3.48. Gestational age at delivery in 
non-anemia group ranged from  38-40 with mean value 
40.0±1.29 nd in   anemia group ranged from 38-40 with 
mean value 40.1±1.43.
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Table 1: Comparison between the different studied groups regarding demographic data

Pt-testAnemia groupNon anemia group
Age (years)

0.313
NS

0.956
22-35
28.5
4.23

22.00-35
28.7
3.76

    Range
    Mean
    SD 
Parity

0.289
NS

0.89
0-3
1.4
1.12

0-3
1.5
1.05

    Range
    Mean
    SD 
Hemoglobin (gm/dl)

0.001*
HS

5.32
5-10.9

8.3
1.93

11-13.8
12.4
0.91

   Range
   Mean
   SD 
Gestational age at which the Doppler was performed in weeks

0.076
NS

1.65
28.0-40

33.7
3.48

28-40
34.1
3.75

    Range
    Mean
    SD 
Gestational age at delivery in weeks

0.36
NS

.98
38-42
40.1
1.43

38-42
40.0
1.29

    Range
    Mean
    SD

Data are expressed as mean ± SD

Table 2 shows 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).

In control group, middle cerebral artery pulsatility 
index ranged from 1.42-1.71 with mean value 1.42±0.10, 
in mild anemia group ranged from 1.15-1.75 with mean 
value 1.41±0.18, in moderate anemia group ranged                                                                                                                                
from 1.13-1.71 with mean value 1.42±0.18, in severe anemia 
group ranged from 1.40-1.84with mean value 1.56±0.13.
There was statistically significant relation between the 

different studied groups regarding Middle cerebral artery 
pulsatility index (P< 0.05). In control group, middle 
cerebral artery systolic/diastolic ratio ranged from 2.99-4.81 
with mean value 3.82±0.51, in mild anemia group ranged                                                                                                                   
from 2.79-4.77 with mean value 3.86±0.61, in moderate 
anemia group ranged from 2.77-4.70 with mean value 
3.64±0.62, in severe anemia group ranged from 2.61-4.17 
with mean value 3.33±0.49.

There was statistically significant relation between the 
different studied groups regarding Middle cerebral artery 
systolic/diastolic ratio (P< 0.05). In control group, middle 
cerebral artery peak systolic velocity ranged from 31-51 
with mean value 42.24±6.65, in mild anemia group ranged 
from 31.7-50.60 with mean value 40.42±5.65, in moderate 
anemia group ranged from 30.30-50.50 with mean                                                                                                           
value 40.57±5.35, in severe anemia group ranged                               
from 30-52 with mean value 42.11±6.21.

There was no statistically significant relation between 
the different studied groups regarding middle cerebral 
artery peak systolic velocity (P > 0.05).
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Table 2: Comparison between the different studied groups regarding Middlecerebral artery resistance index, pulsatility index, systolic/
diastolic ratio and peak systolic velocity.

Severe anemiaModerate AnemiaMild AnemiaControl group
Middle cerebral artery resistance index

0.56-0.80
0.70
0.08

0.79-0.91
0.81
0.06

0.78-0.98
7.34
0.06

0.792-0.923
0.821
0.035

    Range
    Mean
    S.D.

8.21
0.016*

F
P
Middle cerebral artery pulsatility index

1.40-1.84
1.56
0.13

1.13-1.71
1.42
0.18

1.15-1.75
1.41
0.18

1.42-1.71
1.42
0.10

    Range
    Mean
    S.D.

7.10
0.021*

F
P
Middle cerebral artery systolic/diastolic ratio

2.61-4.17
3.33
0.49

2.77-4.70
3.64
0.62

2.79-4.77
3.86
0.61

2.99-4.81
3.82
0.51

    Range
    Mean
    S.D.

9.371
0.0001*

F
P
Middle cerebral artery peak systolic

30.00-52.00
42.11
6.21

30.30-50.50
40.57
5.35

31.70-50.60
40.42
5.65

31.00-51.90
42.24
6.65

    Range
    Mean
    S.D.

1.309
0.273

F
P

DISCUSSION                                                                    
Iron deficiency is defined as a condition in which there 

are no mobilizable iron stores, resulting from a long-
term negative iron balance and leading to a compromised 
supply of iron to the tissues. Finally, the most significant 
negative consequence of ID is anemia, usually microcytic 
hypochromic in nature[5].

Iron deficiency and iron deficiency anemia during 
pregnancy are risk factors for preterm delivery, prematurity 
and small for gestational age birth weight. Iron deficiency 
has a negative effect on intelligence and behavioral 
development in the infant. It is essential to prevent iron 
deficiency in the fetus by preventing iron deficiency in the 
pregnant woman[6].

The current study aims to evaluate the effect of maternal 
anemia on fetal Doppler indices ; namely, umbilical 
artery and middle cerebral artery in the last trimester of 
pregnancy. 

This prospective case control clinical study was carried 
out on 200 pregnant women classified into two groups 
(study and control). The study group including 150 anemic 
women divided into three subgroups (mild, moderate and 
severe anemic). 

In the current study, the age of the patients in the two 
studied groups was matched without significant difference, 

the age in control group was 22-35 years ; while in anemic 
group, it was 22-35 years.Regarding parity in both group, 
it ranged from 0-3.There was no significant difference 
between the two groups regarding parity. Gestational age 
at Doppler in both groups was ranged from 28-40 weeks 
withoutany significant difference between the two groups. 
The two studied groups must be matched regarding the 
demographic and basic maternal data to exclude the effect 
of age on outcomes. 

In this study, hemoglobin level in anemic patients 
ranged from 5.0-10.9 g/dl ;while in non-anemic cases, 
it was 11-13.8 g/dl. There was a significant decrease in 
hemoglobin level in anemic more than non-anemic, these 
resultsmeet the inclusion and exclusion criteria.  

In this study, it was found that middle cerebral 
artery resistance index in control group ranged                                                         
from 0.792-0.923, in mild anemia group ranged                                                                                 
from 0.78-0.98, in moderate anemia group ranged                               
from 0.79-0.91, in severe anemia group ranged                                                                                                             
from 0.56-0.80. There was statistical significant relation 
between the different studied groups regarding middle 
cerebral artery resistance index (P< 0.05).

Middle cerebral artery pulsatility index in control 
group ranged from 1.42-1.71, in mild anemia group ranged                      
from 1.15-1.75, in moderate anemia group ranged                             
from 1.13-1.71, in severe anemia group ranged                                                                                                           
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from 1.40-1.84. There was statistical significant relation 
between the different studied groups regarding middle 
cerebral artery pulsatility index (P< 0.05).

Middle cerebral artery systolic/diastolic ratio in control 
group ranged from 2.99-4.81, in mild anemia group 
ranged from 2.79-4.77, in moderate anemia group ranged                          
from 2.77-4.70, in severe anemia group ranged                                                                                                     
from 2.61-4.17. There was statistical significant relation 
between the different studied groups regarding middle 
cerebral artery systolic/diastolic ratio (P< 0.05).

In the control group, middle cerebral artery peak 
systolic velocity ranged from 31-51, in mild anemia 
group ranged from 31.7-50.60, in moderate anemia group 
ranged from 30.30-50.50, in severe anemia group ranged                                       
from 30-52. There was no statistical significant relation 
between the different studied groups regarding Middle 
cerebral artery peak systolic velocity (P > 0.05).

In this study, 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 and in severe anemia 
group ranged from 0.60-0.77. There was a statistical 
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 and 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).

Middle cerebral/umbilical artery resistance ratio in 
control group ranged from 0.631-0.73, in mild anemia 
group ranged from 0.692-0.724, in moderate anemia group 
ranged from 0.746-0.813 and in severe anemia group 
ranged from 0.96-1.07. There was statistical significant 
relation between the different studied groups regarding 
middle cerebral/umbilical artery resistance ratio (P< 0.05).

Maternal anemia is suspected to markedly reduce the 
oxygen supply to the fetus, which may be responsible for 
fetal blood flow redistribution, despite there is no evidence 
of placental insufficiency[7]. It is also suspected to reduce 
the oxygen supply to the growing fetus, leading to the 
redistribution of fetal blood flow. In the presence of fetal 
hypoxemia, fetal blood flow becomes centrally distributed to 
preserve cerebral oxygenation, known as the brain-sparing 
reflex; this plays a major role in fetal adaptations to oxygen 

deprivation. 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. The combination of increased 
placental resistance and decreased cerebral resistance, 
measured using Doppler ultrasonography, is quantified by 
calculating the cerebral-to-umbilical artery resistance ratio. 
This Doppler parameter is not influenced by the duration of 
a pregnancy and is always greater than 1.1 during normal 
pregnancy[5]. However, this ratio is decreased in the 
presence of hypoxia due to increased placental resistance 
and cerebral vasodilatation[5] and correlates closely with 
fetal growth, hypoxia, and behavior, particularly prior to 
34weeks of pregnancy[8].

In moiety 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[9].

When the middle cerebral artery resistance index 
of the anemia group at admission was compared with 
the same group after 4 weeks of treatment, a significant 
increase was observed. This change could be the result 
of severe anemia-induced fetal cerebral vasodilatation 
being corrected following treatment. In comparison with 
the control group, a significantly lower middle cerebral 
artery pulsatility index was observed in the anemia group 
at admission, demonstrating that the cerebral adaptations 
observed were similar to those observed in fetuses 
experiencing anemia during pregnancies complicated 
by red cell alloimmunization[11]. However, fetal cerebral 
hemodynamics has been demonstrated to recover quickly 
following treatment for fetal anemia[12].

In this current study, the results were in agreement 
with the study carried out by Ali et al.[13], who 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 severeanemia[10].

At admission, the umbilical artery resistance index 
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was significantly higher in the anemia group. In hypoxic 
situations, the umbilical artery resistance index increases 
owing to an increase in placental resistance and the 
middle cerebral artery resistance index decreases owing 
to vasodilation. However, no significant differences were 
observed between the two patient groups in the umbilical 
artery pulsatility index and umbilical artery systolic/
diastolic ratio. The middle cerebral/umbilical artery 
resistance ratio cut-off value for predicting perinatal 
outcomes is 1.1 at 25–40 weeks of pregnancy[10]. Measuring 
this parameter simplifies the quantification of fetal blood 
flow redistribution.

In Ali et al.[13] study, the middle cerebral/umbilical 
artery resistance ratio was significantly lower at admission 
in the anemia group, suggesting that the fetus had adapted 
to 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 as well as 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 this study, it was found that the neonatal ICU 
admission was significantly increased in severe anemic 
patients more than the mild and moderate anemic patients.
In control and mild anemic groups, only 2 cases (4.0%) of 
neonatal admitted to ICU ; while in moderate anemic group, 
the number increased to double (4 cases) 8.0%. In severe 
anemic group, the number of neonatal ICU admission                                                                                                
was 9 cases (18.0%), there was a significant increase in 
number of neonatal ICU admission in severe cases more 
than other groups (P <0.05). 

In agreement with this study, Rani et al.[14] found 
that poor APGAR score (taken as score less than 7 at 5 
minutes), early neonatal death and NICU admission were 
higher in anemic group than non-anemic group and it was 
statistically significant. This is in agreement with many 
studies[15, 16]. 

The study done by Ghimire showed perinatal death 5% 
in non-anemic group and 11% in severely anemic group. 
The present study also showed early neonatal death 3.08% 
in non-anemic group and 10.08% in severely anemic 
group[17]. 

Kidanto et al. found that the risk of preterm delivery 
and low birth weight were significantly increased with the 
severity of anemia ;but in contrast to our study, they found 
no association between severity of anemia and APGAR 
score and early neonatal deaths[18].

CONCLUSION                                                                     

In conclusion, it was found that 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. The increase in the severity of 
anemia decreases the cerebral\umbilical artery resistance 
index. Also,the study showed the severe anemia affect on 
neonatal ICU admission. 
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