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ABSTRACT

BACKGROUND
Sickle cell disease is a common haematological disorder. The prevalence of this disease varies from 2% to 34% in our country.
There is neovascularisation and sickle red cell induced inflammation of the endothelium of vessels resulting in narrowing of the
lumen of vessels. This occlusive vasculopathy results in increased blood flow velocities in major intracranial vessels in children
with sickle cell disease. This predisposes them to ischaemic and haemorrhagic infarcts in brain resulting in strokes. TCD
(Transcranial Doppler) is a useful radiological tool to screen the children with increased mean blood flow velocities in distal
internal carotid artery and proximal middle cerebral artery.

This study was aimed to assess the blood flow velocities in left and right middle cerebral arteries of children with sickle cell
disease and to compare these velocities with a control group of normal children, matching their sex and age profile.

MATERIALS AND METHODS

This is a hospital-based comparative study done at Gitam'’s Institute of Medical Sciences and Research, Visakhapatnam, Andhra
Pradesh and Maharajah’s Institute of Medical Sciences, Nellimarla, Vizianagaram district, Andhra Pradesh. Purposive and
convenient sampling technique was used for data collection. The study was done on 20 children in whom sickle cell disease was
confirmed by electrophoresis and on same number of age and sex matched controls. The velocities thus obtained were stratified
according to the classification based on STOP (Stroke Prevention Trial 1) study and analysed. Statistical analysis of the data was
done by using SPSS software version 16. A p value of less than 0.05 was taken as significant.

RESULTS

Mean blood flow velocities in middle cerebral arteries were significantly higher in our cases when compared to control group. It
was observed that 17 out of the 20 children with sickle cell disease had elevated velocities in the range of 170 - 199 cm/s, 1 child
had a velocity of less than 170 cm/s and 2 children had mean velocities of more than 200 cm/s.

CONCLUSION
Transcranial Doppler sonography is an inexpensive, non-invasive imaging modality for screening the patients with sickle cell
disease, to detect children who are at risk for stroke.
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BACKGROUND

Sickle cell disease (SCD) is the most common haematological
disorder with autosomal recessive inheritance. The
prevalence of this disease varies from 2% to 34% in our
country.! Children with SCD have chronic haemolysis
resulting in low haemoglobin content. There is
neovascularisation and sickle red cell induced inflammation
of the endothelium of vessels resulting in narrowing of the
lumen of vessels. This occlusive vasculopathy involving the
major intracranial vessels predisposes the children with SCD
to ischaemic and haemorrhagic infarcts in brain.2 The
neurological manifestations in SCD range from minor
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complaints like headache to more serious problems such as
stroke.3 11% of patients with SCD may present with stroke by
the age of 20 years. Brain infarction in patients with SCD is
most common in those aged between 2 and 5 years and is
associated with homozygous HbS phenotype.4 Children with
increased blood flow velocity in distal internal carotid or
proximal middle cerebral artery are at highest risk of stroke.5
It is now established that the blood flow velocities in the
major intracranial vessels can be evaluated by Transcranial
Doppler ultrasonography (TCD).5

TCD was first used clinically by Aaslid in 1982.6 It is a
non-invasive, inexpensive and convenient test to measure the
blood flow velocities in the basal arteries of the brain. It can
also be used to monitor the changes in velocities in response
to intervention. Haematocrit and viscosity are inversely
related to cerebral blood flow velocity.”8 Blood flow
velocities increase by nearly 20% with a drop in haematocrit
from 40% - 30%.9 An increase in the mean velocity of more
than 200 cm/s in internal carotid artery and middle cerebral
artery (MCA) on TCD have been shown to be associated with
increased risk of ischaemic stroke in children.10 Children with
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Sickle cell anaemia have a significant drop in their mean flow
velocities after a blood transfusion.10

In the STOP trial, (Stroke Prevention Trial I) children
between 2 to 16 years of age with no history of stroke and
MCA velocity of 200 cm/s were randomly allocated to
standard care or to periodic blood transfusion therapy to
keep the HbS concentration to less than 30% of total
haemoglobin. They concluded that blood transfusion based
on mean flow velocity resulted in 92% reduction of stroke
risk.10 A five-fold decrease in the rate of first stroke was
observed in children with SCD.10 In another study by
Enninful-Eghan H et al, the incidence of stroke declined 10
folds following TCD screening and prophylactic transfusions
over a period of 8 years.1! The sickle gene is prevalent among
many tribal population groups in India in Madhya Pradesh,
Maharashtra, Odisha, Gujarat, Rajasthan, Jharkhand,
Chhattisgarh, Andhra Pradesh, West Bengal and Karnataka.!2

A study by Dipty Jain et al from central India reported a
very high incidence of significant clinical events in children
with SCD, with 30% of the patients having severe disease.
This study reported that 62% of blood transfusions were
needed when the age of the patients was less than 5 years.
TCD screening coupled with prophylactic transfusions helps
to reduce overt stroke in children with SCD. So, the present
study was undertaken with the aim of assessing the blood
flow velocities in right and left middle cerebral artery of
children with SCD and to compare them against a control
group of children matching the age and sex.

MATERIALS AND METHODS

This is a hospital-based comparative study. The study was
conducted at Gitam’s Institute of Medical Science and
Research, Visakhapatnam, Andhra Pradesh and Maharajah’s
Institute of Medical Sciences, Nellimarla, Vizianagaram
district, Andhra Pradesh. Both are tertiary level referral
hospitals. This study was conducted from October 2015 to
September 2017, following approval of Institutional Ethics
Committee.

A purposive and convenient sampling technique was used
for the data collection from the study population who were
conveniently available (those who satisfy the inclusion and
exclusion criteria) to participate in the study.

Inclusion Criteria

Children with electrophoresis confirmed SCD in the age
group of 2 to 15 years were included as cases in the study. An
equal number of age and sex matched healthy children with
haemoglobin in the normal range attending the hospital for
unrelated ailments were taken as controls.

Exclusion Criteria

Children with fever, sickle cell crisis, other associated chronic
illnesses, history of blood transfusions in last 6 months, any
clinical event in the last 30 days, history of overt stroke, any
neurological deficits and children on treatment with
hydroxyurea.

The procedure was performed after it was explained to
the children and informed consent from the parents or
guardian was obtained. Detailed history of cerebrovascular
accident or any neurological deficit, bone pain, sickle crisis or
previous history of blood transfusion was taken and the
details of treatment were documented.
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TCD study was done using a 2 MHz probe using a
transtemporal approach by evaluating right and left middle
cerebral arteries. The procedure was performed when the
child was calm. Care was taken to see that they did not move
their legs, laugh or sleep during the procedure, as that would
alter the flow velocity patterns. Children with SCD were
stratified based on the criteria used in STOP trial.13

Criteria for Stratification

e Normal: <170 cm/s

e Conditional: 170 - 199 cm/s

e Higher/abnormal: > 200 cm/s

e Time averaged mean of maximum velocities in MCA
were obtained and details were tabulated.

Statistical Analysis

All the statistical analysis was performed by using Microsoft
Excel and SPSS version 16. All quantitative variables were
expressed as Mean * S.D. Student independent sample t-test
was used for comparison between the two groups. P value of
less than 0.05 was considered as statistically significant.

RESULTS

In the present study, male-to-female ratio is 13:7 and 14:6 in
cases and controls respectively (Table 1). Mean age of the
children was 6.55 and 6.70 years in cases and controls
respectively (Table 2). Mean blood flow velocity in MCA in
normal children varied between 50 to 80 cm/sec. Among the
cases, one case had blood flow velocity of less than 170 cm/s,
2 cases had velocity of more than 200 cm/sec and all the
remaining children had flow velocities in the range of 170 to
199 cm/s (Table 3). Two children who had mean velocities of
more than 200 cm/s were males aged 13 and 14 years
respectively. They were further investigated by MRI Brain
and MR Angiogram of intracranial blood vessels. Blood flow
velocities in right and left MCA of 20 children with sickle cell
disease were studied and were compared with the velocities
of 20 normal children (Table 4 and 5). Mean blood flow
velocities were significantly higher in cases when compared
to controls in right and left middle cerebral arteries.

Children with Sickle Normal Children
cell Anaemia n=20 Cases Controls
Age Group | Male Female Male [Female
<5 Years 5 3 6 2
5-10 Years 6 2 5 3
10-15 Years 2 2 3 1
Total 20 20
Table 1. Distribution of Children based on Age and Sex

Age i Group n Mean |Std. Deviation
Y%‘:l;;‘ Cases 20 6.55 3.734
Controls 20 6.70 3.373

Table 2. Comparison of the Mean Age of Children
between Cases and Controls

Mean Blood Flow Velocity No. of Patients %
Range incm/s n=20 0

<170 1 5%

170-199 17 85%

>200 2 10%

Table 3. Distribution of Cases based on Mean Blood Flow
Velocity in MCA
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Right Group n | Mean [Std.Deviation| P value
Mo |_Cases | 20 [18345 | 15347 | oo
Controls | 20 | 66.55 8.775 )

Table 4. Comparison of Blood Flow Velocities in Right

MCA
*Significant.
Group n Mean (Std. Deviation| P value
Left Cases 20 187.05 16.237
MCA | Controls | 20 70.40 7.563 0.000*
Table 5. Comparison of Blood Flow Velocities in Left MCA

*Significant.

DISCUSSION
The results of our study are comparable with the study of
Lakkhar et al.l4 Lakkhar et al in their study measured
velocities in middle cerebral, posterior cerebral, common
carotid, internal carotid, external carotid and vertebral
arteries. However, we evaluated the flow velocities in MCA
only. The prevalence of high flow velocities of more than 200
cm/s in sicklers was 10% in our study, while the prevalence
was 8% in the study by Lakkhar et al. MRI was performed on
the two children with high flow velocities, but it did not
reveal any changes of ischaemia and MRA did not reveal any
focal stenotic segments. This suggests the probability of
global ischaemia. In view of high flow velocities in MCA, these
two children were advised further follow-up. However, in a
study by Bernaudin F et al, silent infarcts were found on
neuroimaging.1s

A study by Minniti CP et al found that TCD was helpful in
detecting a decrease in blood flow velocities following
transfusion.t6 Thus, TCD also has a role in monitoring the
changes in blood flow velocities in response to interventions.
We did not find any statistically significant difference
between right and left MCA velocities, which is comparable
with the study of Krejza et al.17 According to a study by
Pegelow et al, it is recommended to advise a transcranial MRI
for all sickle cell children with grossly elevated blood flow
velocities as silent infarcts and recurrence of infarcts has
been reported in 21% of these children.18 Mazumdar et al
suggested annual TCD until the age of 10 years and
transfusion in high risk until the age of 18 years as the
optimal stroke prevention strategy.19

Though TCD is a good screening too], it is highly operator
dependant and there may be an inadequate acoustic window
in 10% - 15% of cases.20 Another limitation of TCD is that it
provides an index of global rather than focal cerebral flow
velocity. TCD should be avoided in children during acute
illness, fever, hypoglycaemia, worsening anaemia as these
conditions affect the flow velocities.

CONCLUSION

TCD is an inexpensive, well tolerated, well-accepted and non-
invasive tool to screen the children with SCD who are at risk
of stroke. In a resource poor country like India, TCD appears
to be a valuable and feasible tool for screening children with
sickle cell disease to detect the children at risk of stroke.
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