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ABSTRACT

Objective: To evaluate the effect of vascular adaptation and extent of compensatory changes in the fetus with the
change in maternal Hb levels and to study maternal and perinatal outcome after treatment of maternal iron deficiency
anaemia. Methods: The present study was an observational prospective study conducted on 50 pregnant women from
January 2016 to June 2017. The study population was divided into two groups: group A - patients with moderate
anaemia (Hb: 7- 9 gm/dl) and group B - patients with severe anaemia (Hb < 7 gm/dl). Group A received parenteral
iron preparation and group B received blood transfusion or packed RBCs until Hb exceeded 7gm/dl, then parenteral
iron was used. Maternal Hb and color doppler were performed before and after treatment of anaemia. Results: There
was a significant increase in Hb levels in all patients after treatment of anaemia (p-value 0.018). There was a decrease
in the umbilical artery RI after treatment of maternal anaemia in both the groups and the decrease was more in those
who received blood transfusion. A comparison for UA RI for both the groups before and after treatment was
statistically significant (p = 0.032 for group A and p=0.0001 for group B).There was an improvement in MCA RI in
both the groups after treatment of anaemia (the p-value for group A and group B being 0.001 and 0.0001 respectively
i.e. statistically significant). The C/U ratio was normalized to >1.1 in both the study groups after treatment of anaemia
(p- value in group A being 0.653) and group B being 0.0001(statistically significant) respectively. After treatment of
iron deficiency anaemia, normalization of doppler indices was observed. Conclusion: Our data support the fact that
maternal haemoglobin content of <7g/dl is strongly associated with marked fetal hemodynamic adaptation and must
be treated with acute red cell transfusion. Moderate anaemia (>7g/dl) is not sufficient to trigger fetal blood flow
redistribution and can be treated with parenteral iron.
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The WHO defines anaemia in pregnant women as
haemoglobin level below 11g/dl. According to Centres for
Disease Control (CDC) (1998),
supplemented pregnant women is described as Hb below
11g/dl in the first and third trimesters, and 10.5g/dl in the
second trimester. It also recommends that haemoglobin in
pregnant women should not be allowed to fall below
10.5g/dl in the 2nd trimester, taking into account the
physiological changes of pregnancy '. Indian Council of
Medical Research (ICMR) classifies anaemia as mild (9 -

anaemia in iron

10.9 g/dl), moderate (7 - 9 g/dl), severe (<7 g/dl) and very
severe (<4 g/dI) *.

The effect of maternal anaemia on the fetus and the
newborn varies depending on the severity of anaemia.
Preterm Dbirth, intrauterine growth restriction, neonatal
anaemia and stillbirth are the possible foetal complications
of anaemia. Besides the severity of maternal anaemia, the
gestational period at which the fetus is exposed to low
maternal haemoglobin levels is also important in deciding
the perinatal outcome °.
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Color Doppler ultrasound provides a convenient and
effective method to assess the hemodynamic status of fetal
circulation in relation to fetal hypoxia and thereby facilitates
the monitoring of the fetus, prediction of adverse outcome
and thus, timely treatment so as to improve survival
prognosis of the fetus *,

Distribution of fetal blood flow (between the placental
and cerebral regions) is determined by middle cerebral artery
resistivity index/umbilical artery resistivity index (C/U
resistance ratio), which is the ratio between the cerebral
resistance index (CRI) and umbilical resistance index (URI).
This parameter is always > 1.1 during normal pregnancy, but
decreases in case of hypoxia because of the increase in URI
(due to increase in placental resistance) and decrease in CRI
(due to cerebral vasodilatation) °. At the same time,
vasodilatation of the fetal middle cerebral artery (MCA)
occurs resulting in the so called "brain sparing effect”
(compensatory flow or adaptation changes) * .

The volume of umbilical artery increases with advancing
gestation hence the high vascular resistance detected in first
trimester gradually decreases. This decrease in the vascular
resistance allows a continuous forward blood flow in the
umbilical artery throughout cardiac cycle . The normal UA
waveform usually has a “Saw-Tooth” pattern with flow
always in the forward direction. The impedance in UA is
measured by resistivity index (RI) which decreases from
0.756 to 0.609 in normal pregnancy. An abnormal waveform
shows absent or reversed diastolic flow. In pregnancies
complicated by maternal anaemia, there is reduction in end
diastolic flow causing an increase in RI values followed by
absent end-diastolic flow (RI = 1) and finally reversal of
end-diastolic flow °.

The cerebral circulation is normally a high impedance
circulation with continuous forward flow throughout the
cardiac cycle '°. The MCA RI shows a biphasic trend with RI
values being low in early as well as in late gestation due to
the increased metabolic requirements of the brain during
these periods. The normal value of MCA RI is 0.787 at 18
weeks, gradually increasing to 0.91 at 30 weeks. Thereafter,
it again shows a falling trend and decreases to 0.785 at 40
weeks ''. In case of severe maternal anaemia, there is
increase in end diastolic flow which leads to decrease in
MCA-RI values '*'*".

Distribution of fetal blood flow is determined by the C/U
resistance ratio, which is the ratio between the MCA RI and
URI. This parameter is always >1.1 during normal
pregnancy but decreases in case of anaemia because the URI
increases while the CRI decreases '*.

The New Indian Journal of OBGYN. 2021 (January-June);8(2)

As severe maternal anaemia triggers a marked fetal
cerebral vasodilatation, the haemoglobin has to be recovered
as soon as possible in order to suppress the cerebral
vasodilatation. Moderate maternal anaemia does not trigger
fetal flow redistribution or abnormal FHR changes which
suggest that fetal oxygenation remains satisfactory ’. This
study attempts to show the impact of maternal iron
deficiency anaemia on the mother and the fetus and whether
treatment can reverse the physiological and pathological
effects of anaemia on the mother as well as the foetus.
Methodology

This prospective study was conducted on pregnant
women attending postgraduate department of obstetrics and
gynaecology (Government Medical College and Associated
Hospitals, Srinagar) for a period of 18 months from January
2016 to June 2017. The population consisted of 50 patients
with 25 patients in moderate anaemia group and 25 in severe
anaemia group which were defined as under: group A -
patients with moderate anaemia (Hb 7- 9 gm/dl) and group B
- patients with severe anaemia (Hb< 7 gm/dl). The inclusion
criterias were women with gestational age > 26 weeks,
singleton pregnancy and women with anaemia (Hb< 10 g/dl).
Exclusion criterias were women with age <20 years or >35
years, dead fetus, multiple pregnancies, history of recent
blood transfusion, vitamin deficiencies, cardiovascular
diseases like cyanotic heart disease, heart failure or
pulmonary  hypertension, and
inflammation.

Doppler study of the umbilical artery RI, fetal middle
cerebral artery RI and MCA RI/ UA RI (C/U resistance
ratio) was done. Maternal venous sample was taken for
haemoglobin level. Group A received parenteral iron
preparation after calculation of iron deficiency using the
formula: Total iron dose = Body weight* (Target Hb-Present
Hb in g/dl)*2.4 + 500 mg. Iron sucrose was administered in
500cc saline over one hour and repeated every other day.
Group B received blood transfusion or packed RBCs until
Hb exceeded 7gm/dL, then parenteral iron was used.

Maternal Hb level, iron profile, ultrasound and color
doppler were repeated after completion of treatment. After
delivery, Apgar score, NICU admissions, preterm births,
acute fetal distress (meconium staining), fetal growth
restriction, and the number of perinatal deaths were assessed.
The doppler examination was done twice i.e., on the day of
admission and after completion of treatment.

infections chronic
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Data has been statistically described in
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Table 3 : Umbilical artery RI

terms of range, mean =+ standard deviation (£ Gestational age Group A (N=25) Group B (N=25) P
; ; (weeks) Mean _ SD N Mean  SD Value

SD) er continuous  variables and on 63 3 0687015 & - - -
frequencies (number of cases) and  admission 3336 12 0617  0.03 13 0.64 0.01 0.009
percentages for  categorical  variables. >36 10 0615 0.09 11 0.58 001 0.96

. £ ical iabl After 26-32 0 - - 1%% - - -
Comparlson OI numerica Varlab €S between treatment 3336 9 0.604 0.076 7 0.53 0.047 0.04
the study groups was done using unpaired‘t’ >36 16 0577 0.067 17 0.5 0.04 0.0002

P - value (Intra group)  0.032 0.0001

test and chi-square test in comparing pre and

1* UA RI (On admission) = 0.66; 1** UA RI (After treatment) = 0.61

post treatment values.
Results

In our study, the age of patients ranged from 22-35 years
of age with maximum number of patients in 25-35 years age
group. The mean age of patients was 29.56 = 3.09 years in
group A and 29.24 + 2.27 years in group B (table 1). The
mean gestational age of our patients on admission was 35.6 +
1.80 weeks in group A and 35.84 + 1.67 weeks in group B
which is almost same in both the groups (table 1). In the

Table 1: Demographic profile of the study population

A comparison for UA RI for both the groups before (figure
1) and after treatment was statistically significant (p = 0.032
for group A and p=0.0001 for group B) (table 3). There was
an improvement in MCA RI in both the groups after
treatment of anaemia and the increase was statistically
significant. A comparison was done in MCA RI (figure 2) of
patients in both the groups before (figure 3) and after
receiving treatment (figure 4) for anaemia. The p-value for
MCA RI before and after treatment of anaemia in group A
and group B were 0.001 and

Categories Group A

Group B p-value

0.0001 respectivel ie.
Mean age (years) 29.56 £ 3.09 29.24+ 2.27 0.679 L. R p y
Parity (mean) 1.92 4 0.95 236+1.75 0.176 statistically significant. The C/U
Mean gestational age (by dates) on admission (weeks) 35.6+1.80 35.84 £ 1.67 0.630 ratio was normalized to >1.1 in
Mean gestational age (by ultrasound) at delivery(weeks) 36.52+£0.91 36.08+1.75 0.272 h th f
P-value is significant if <0.05. bot the study groups after
treatment of anaemia. P- value for
Table 2: The mean of haemoglobin levels between the two groups. C/U ratio in group A and group B
Parameters Group (A) Group (B) P before and after treatment of anaemia
N  Mean Standard N Mean Standard  “2IU¢ was 0.653(statistically insignificant)
Deviation Deviation s gl Lo
Mean Hb% on admission (zdl) 25 759 042 25 606 06l oo00r ~ and 0..0001(stat1st1cally significant)
Mean Hb% after treatment (g/dl) 25 10.15  0.47 25 10 0.40 0.2306 respectively  (figure  5).  After
Change In Hb (g/dI) 2.56 3.94 0.018

treatment of iron deficiency anaemia,

present study, most of the patients were primigravida in
group A and multigravida in group B (table 1).

There was a significant increase in Hb levels in all
patients after treatment of anaemia (table 2). There was a
decrease in the umbilical artery RI after treatment of
maternal anaemia in both the groups and the decrease was
more in those who received blood transfusion.

("

Figure 1: Color doppler image with spectral waveform of umbilical
artery showing high resistance flow with decreased diastolic flow.

normalization of doppler indices was observed. This
suggests that color doppler can be used for improving
perinatal outcome in maternal iron deficiency anaemia.

The majority of the patients were delivered by normal
vaginal delivery. In our study, 80% patients of group A had
vaginal delivery among which 64% had spontaneous
delivery and in 20% patients labour was induced. The
remaining 20% patients were delivered by caesarean section.
In group B, 76% patients had vaginal delivery which
included 44% spontaneous and 32% induced deliveries.

The difference in Apgar score for the two groups was
statistically insignificant (p >0.05) (table 4).The percentage
of foetuses with preterm births, FGR and AFD was higher in
those with severe maternal anaemia (table 5). Preterm births
occurred in 9 (36%) patients while as in group B, they
occurred in 8 (32%) patients with the difference between the
two groups being statistically insignificant (p=0.765). In
group A, FGR occurred in 2 (8%) babies and in group B,
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Figure 2: Color doppler image with spectral waveform of Middle
Cerebral artery showing low resistance flow with increased diastolic
flow (Brain Sparing).
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Figure 3: Continuous line diagram showing distribution of resistance
index of MCA before treatment.

Table 4: Apgar score
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between the two groups being statistically significant
(p=0.041).

MCA RI (Before treatment)

Age 2632 3% a3

Figure 4: Continuous line diagram showing distribution of resistance
index of MCA after treatment.

Discussion

Maternal iron-deficiency anaemia is a worldwide medical
complication leading to adverse effects both in the mother as
well as the foetus °. In our study, there is no correlation
between the severity of maternal anaemia with age,
gestational age at admission or delivery date. Our findings
were similar to the study conducted by Milan Stefanovic et
al ' who reported that the maternal age and gestational age
were similar in both moderate and severely anaemic
pregnant women. In our study, severe anaemia affected
primiparous women less than multiparous women. Similar
findings were reported by EO Uche-Nwachi et al '”. There
was a significant increase in Hb levels in all patients after
treatment of anaemia. Similar findings were reported by

Milan Stefanovic et al '°.

There was a decrease in the umbilical artery RI after

Gestational age Group A Group B o
(in weeks) N  Mean SD N _ Mean SD P-Value treatment of maternal anaemia in both the groups and
26-32 o - - - - - the decrease was more in those who received blood
33-36 9 0.68 0.05 7 0.67 0.138 0.113 . . . .
236 6 072 010 17 071 009 0606 transfusion. These findings were consistent with those
of Ghada A, Abdel Moety, and Yossra et al '® There
Table S: Perinatal outcome
Preterm births FGR AFD Perinatal deaths
Parameters GroupA GroupB GroupA GroupB GroupA GroupB Group A Group B
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Adverse outcome was present 9 (36%) 8 (32%) 2 (8%) 9 (36%) 3 (12%) 9 (36%) 1 (4%) 6 (24%)
Adverse outcome was not present 16 (64%) 17(68%) 23 (92%) 16 (64%) 22(88%) 16 (64%) 24 (96%) 19(76%)
P-value 0.765 0.016 0.046 0.041

9 (36%) babies had FGR with the difference between the two
groups being statistically significant (p=0.016). In group A,
AFD was present in 3 (12%) babies and in group B in 9
(36%) babies with the difference between the two groups
being statistically significant (p=0.046). In group A,
perinatal death was found in 1 (4%) patient while as in group
B it was found in 6 (24%) patients with the difference

was an increasing trend in MCA RI in both the groups after
treatment and the increase was statistically significant. This
was consistent with the study conducted by Milan Stefanovic
etal '® and E Ancuta et al '* who reported a similar decrease
in MCA RI. The C/U ratio was normalized to >1.1 in both
the study groups after treatment of anaemia. Our
observations were consistent with the findings of Milan
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Stefanovic et al '® and E Ancuta et al " who reported that the
C/U ratio was restored to normal in both moderate and
severely anaemic patients after treatment. Our findings were
also consistent with those of Ghada A, Abdel Moety, and
Yossra et al '*.

Majority of patients in both the groups delivered
vaginally. This can be explained by the fact that a few of
them had preterm births and vaginal delivery was preferred
in anaemic patients as blood loss is less in vaginal delivery
as compared to caesarean section. These findings are similar
to those of Chhabra et al °. It was found that the Apgar score
of newborns in group B was less as compared to group A in
the gestational age of 33-36 weeks. Our findings were
consistent with those of Ghada A, Abdel Moety, and Yossra
et al '® who reported that low Apgar scores resolved in
majority of the foetuses after treatment of anaemia and Toral
M Goswami et al >' reported an increased Apgar score in
non-anaemic patients as compared to anaemic patients.

The fetal prognosis was assessed in terms of the number
of preterm births, FGR, AFD and perinatal deaths. The
percentage of foetuses with preterm births was higher in
those with severe maternal anaemia. Our findings were
similar to those of Chhabra S et al ° and K Jagadish Kumar
et al 2. In our study, risk of FGR increased with increasing
severity of anaemia. Our findings were consistent with those
of Chhabra S et al *°. In our study, higher percentage of
babies with AFD in severely anaemic mothers was reported.
These findings were in contrast to those of Ramya Sundaram
et al » who reported no significant association between
maternal anaemia and passage of meconium by the foetuses.
Also higher number of perinatal deaths was reported in
severely anaemic mothers. Similar findings were reported by
Goswami M et al * and Nair M et al **.

Conclusion

Our data support the fact that maternal haemoglobin
content of <7g/dl is strongly associated with marked fetal
hemodynamic adaptation and must be treated with acute red
cell transfusion. Moderate anaemia (>7g/dl) is not sufficient
to trigger fetal blood flow redistribution and can be treated
with parenteral iron. Close monitoring of the fetal umbilical
and cerebral circulation by doppler examination in anaemic
pregnancies allows the measurement of the amplitude of the
fetal vascular response, early assessment of fetal damage and
helps in improving fetal outcome as well.
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