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A B S T R A C T

Background

Sickle cell disease is one of the commonest severe monogenic disorders in the world, due to the inheritance of two abnormal haemoglobin
(beta globin) genes. Sickle cell disease can cause severe pain, significant end-organ damage, pulmonary complications, and premature
death. Stroke aFects around 10% of children with sickle cell anaemia (HbSS). Chronic blood transfusions may reduce the risk of vaso-
occlusion and stroke by diluting the proportion of sickled cells in the circulation.

This is an update of a Cochrane Review first published in 2002, and last updated in 2013.

Objectives

To assess risks and benefits of chronic blood transfusion regimens in people with sickle cell disease for primary and secondary stroke
prevention (excluding silent cerebral infarcts).

Search methods

We searched for relevant trials in the Cochrane Library, MEDLINE (from 1946), Embase (from 1974), the Transfusion Evidence Library (from
1980), and ongoing trial databases; all searches current to 04 April 2016.

We searched the Cochrane Cystic Fibrosis and Genetic Disorders Group Haemoglobinopathies Trials Register: 25 April 2016.

Selection criteria

Randomised controlled trials comparing red blood cell transfusions as prophylaxis for stroke in people with sickle cell disease to alternative
or standard treatment. There were no restrictions by outcomes examined, language or publication status.

Data collection and analysis

Two authors independently assessed trial eligibility and the risk of bias and extracted data.

Main results

We included five trials (660 participants) published between 1998 and 2016. Four of these trials were terminated early. The vast majority
of participants had the haemoglobin (Hb)SS form of sickle cell disease.
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Three trials compared regular red cell transfusions to standard care in primary prevention of stroke: two in children with no previous long-
term transfusions; and one in children and adolescents on long-term transfusion.

Two trials compared the drug hydroxyurea (hydroxycarbamide) and phlebotomy to long-term transfusions and iron chelation therapy: one
in primary prevention (children); and one in secondary prevention (children and adolescents).

The quality of the evidence was very low to moderate across diFerent outcomes according to GRADE methodology. This was due to the
trials being at a high risk of bias due to lack of blinding, indirectness and imprecise outcome estimates.

Red cell transfusions versus standard care

Children with no previous long-term transfusions

Long-term transfusions probably reduce the incidence of clinical stroke in children with a higher risk of stroke (abnormal transcranial
doppler velocities or previous history of silent cerebral infarct), risk ratio 0.12 (95% confidence interval 0.03 to 0.49) (two trials, 326
participants), moderate quality evidence.

Long-term transfusions may: reduce the incidence of other sickle cell disease-related complications (acute chest syndrome, risk ratio 0.24
(95% confidence interval 0.12 to 0.48)) (two trials, 326 participants); increase quality of life (diFerence estimate -0.54, 95% confidence
interval -0.92 to -0.17) (one trial, 166 participants); but make little or no diFerence to IQ scores (least square mean: 1.7, standard error 95%
confidence interval -1.1 to 4.4) (one trial, 166 participants), low quality evidence.

We are very uncertain whether long-term transfusions: reduce the risk of transient ischaemic attacks, Peto odds ratio 0.13 (95% confidence
interval 0.01 to 2.11) (two trials, 323 participants); have any eFect on all-cause mortality, no deaths reported (two trials, 326 participants);
or increase the risk of alloimmunisation, risk ratio 3.16 (95% confidence interval 0.18 to 57.17) (one trial, 121 participants), very low quality
evidence.

Children and adolescents with previous long-term transfusions (one trial, 79 participants)

We are very uncertain whether continuing long-term transfusions reduces the incidence of: stroke, risk ratio 0.22 (95% confidence interval
0.01 to 4.35); or all-cause mortality, Peto odds ratio 8.00 (95% confidence interval 0.16 to 404.12), very low quality evidence.

Several review outcomes were only reported in one trial arm (sickle cell disease-related complications, alloimmunisation, transient
ischaemic attacks).

The trial did not report neurological impairment, or quality of life.

Hydroxyurea and phlebotomy versus red cell transfusions and chelation

Neither trial reported on neurological impairment, alloimmunisation, or quality of life.

Primary prevention, children (one trial, 121 participants)

Switching to hydroxyurea and phlebotomy may have little or no eFect on liver iron concentrations, mean diFerence -1.80 mg Fe/g dry-
weight liver (95% confidence interval -5.16 to 1.56), low quality evidence.

We are very uncertain whether switching to hydroxyurea and phlebotomy has any eFect on: risk of stroke (no strokes); all-cause mortality
(no deaths); transient ischaemic attacks, risk ratio 1.02 (95% confidence interval 0.21 to 4.84); or other sickle cell disease-related
complications (acute chest syndrome, risk ratio 2.03 (95% confidence interval 0.39 to 10.69)), very low quality evidence.

Secondary prevention, children and adolescents (one trial, 133 participants)

Switching to hydroxyurea and phlebotomy may: increase the risk of sickle cell disease-related serious adverse events, risk ratio 3.10 (95%
confidence interval 1.42 to 6.75); but have little or no eFect on median liver iron concentrations (hydroxyurea, 17.3 mg Fe/g dry-weight
liver (interquartile range 10.0 to 30.6)); transfusion 17.3 mg Fe/g dry-weight liver (interquartile range 8.8 to 30.7), low quality evidence.

We are very uncertain whether switching to hydroxyurea and phlebotomy: increases the risk of stroke, risk ratio 14.78 (95% confidence
interval 0.86 to 253.66); or has any eFect on all-cause mortality, Peto odds ratio 0.98 (95% confidence interval 0.06 to 15.92); or transient
ischaemic attacks, risk ratio 0.66 (95% confidence interval 0.25 to 1.74), very low quality evidence.

Authors' conclusions

There is no evidence for managing adults, or children who do not have HbSS sickle cell disease.

In children who are at higher risk of stroke and have not had previous long-term transfusions, there is moderate quality evidence that long-
term red cell transfusions reduce the risk of stroke, and low quality evidence they also reduce the risk of other sickle cell disease-related
complications.
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In primary and secondary prevention of stroke there is low quality evidence that switching to hydroxyurea with phlebotomy has little or
no eFect on the liver iron concentration.

In secondary prevention of stroke there is low-quality evidence that switching to hydroxyurea with phlebotomy increases the risk of sickle
cell disease-related events.

All other evidence in this review is of very low quality.

P L A I N   L A N G U A G E   S U M M A R Y

Long-term blood transfusions to prevent a stroke in people with sickle cell disease

Review question

We wanted to determine if long-term blood transfusions given to people with sickle cell disease who are at a higher risk of stroke (primary
prevention) or have had a previous stroke (secondary prevention) decreases their risk of a subsequent stroke without causing severe side
eFects. We compared long-term blood transfusions to standard treatment or other ways of preventing a stroke. This is an update of a
previously published Cochrane Review.

Interventions for silent stroke are addressed in a separate Cochrane Review.

Background

Sickle cell disease is a serious inherited blood disorder where the red blood cells, which carry oxygen around the body, develop abnormally.

Normal red blood cells are flexible and disc-shaped, but in sickle cell disease they can become rigid, crescent shaped and also stickier. This
can lead to blockage of blood vessels, resulting in tissue and organ damage and episodes of severe pain. The abnormal blood cells are
more fragile and break apart, which leads to a decreased number of red blood cells, known as anaemia.

Sickled red blood cells can block flow in blood vessels in the brain, leading to strokes.

Strokes occur in up to 10% of children with sickle cell anaemia (HbSS) and can cause limb weakness, slurred speech, seizures, and cognitive
impairment.

Two tests have been used in trials to identify children at higher risk of having a first stroke. One (transcranial Doppler ultrasonography)
measures the speed of blood flowing through arteries in the brain, and those children with high blood flow are at increased risk of a stroke.
The other (magnetic resonance imaging) takes images of the brain to see if there are any small areas of damage (silent strokes), those
children with evidence of damage are at increased risk of stroke.

Blood transfusions may help prevent a stroke by reducing the level of anaemia, diluting the sickled red blood cells, and increasing the
level of oxygen in the blood.

Blood transfusions can be linked to adverse events, e.g. the development of antibodies to proteins on donor red blood cells
(alloimmunisation), accumulation of too much iron in the body from repeated transfusions, increased risk of infection, and extended length
of stay in hospital.

Study characteristics

We searched the medical literature to 25 April 2016. We found five randomised controlled trials which enrolled a total of 660 participants.
Three trials compared blood transfusions to no blood transfusions and two trials compared blood transfusion to the drug hydroxyurea.
Trials were published between 1998 and 2016 and included children and sometimes adolescents; the majority had one form of sickle cell
disease (HbSS).

All trials received government funding.

Key Results

In children who are at a higher risk of having a stroke who have not had previous blood transfusions, a long-term blood transfusion regime
probably reduces clinical strokes, and may also reduce other sickle cell disease-related complications.

We are very uncertain if stopping blood transfusions in children and adolescents receiving transfusions for a long time (greater than 12
months) increases the risk of stroke.

We are very uncertain whether switching from long-term transfusions with iron chelation to hydroxyurea with phlebotomy has any eFect
on stroke, mortality, or sickle cell disease-related complications in children who have not had a stroke. Hydroxyurea may have little or no
eFect on iron levels in the liver.

Blood transfusion for preventing primary and secondary stroke in people with sickle cell disease (Review)
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We are very uncertain if switching from long-term transfusions with iron chelation to hydroxyurea with phlebotomy increases the risk of
stroke or mortality in children and adolescents who have had a stroke and were previously receiving regular transfusions. Switching from
long-term transfusions to hydroxyurea may increase some sickle cell disease-related serious adverse events such as painful crises.

Quality of the evidence

In children at higher risk of stroke who have not had previous long-term transfusions, there is moderate quality evidence that long-term
red cell transfusions reduce the risk of stroke. The quality of evidence was rated as low to very low for the rest of the outcomes due to trials
being at high risk of bias and because there were a small number of trials and a small number of participants included in the trials.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Long-term red cell transfusion versus no transfusion in people who are at risk of a primary stroke
who have not had previous long-term red cell transfusions

Primary prevention

Patient or population: individuals with sickle cell disease who are at risk of a primary stroke who have not had previous long-term red cell transfusions
Setting: outpatients
Intervention: long-term red cell transfusion
Comparison: standard care

Anticipated absolute effects* (95% CI)Outcomes

Risk with standard care Risk with Blood transfusion

Relative ef-
fect
(95% CI)

№ of partici-
pants
(trials)

Quality of the
evidence
(GRADE)

Comments

Trial populationClinical stroke

follow-up: mean 24 months 110 per 1000 13 per 1000

(3 to 54)

RR 0.12
(0.03 to 0.49)

326
(2 RCTs)

⊕⊕⊕⊝

Moderate 3
 

All-cause mortality No deaths occurred in either trial arm - 326
(2 RCTs)

⊕⊝⊝⊝

Very low 1 2 3

 

ModerateaAdverse events associated with
transfusion
assessed with: alloimmunisation 10 per 1000 32 per 1000

(2 to 572)

RR 3.16
(0.18 to 57.17)

121
(1 RCT)

⊕⊝⊝⊝

Very low 2 3 4

 

Trial populationTIA

21 per 1000 5 per 1000

(0 to 43)

Peto OR 0.13

(0.01 to 2.11)

323

(2 RCTs)

⊕⊝⊝⊝

Very low 3 4

 

Trial population

232 per 1,000 56 per 1000

(28 to 111)

Serious adverse events as a result of
sickle cell-related complications
assessed with: ACS

Moderate

RR 0.24
(0.12 to 0.48)

326
(2 RCTs)

⊕⊕⊝⊝

Low 2 3
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230 per 1000 55 per 1000

(28 to 110)

Measures of neurological impair-
ment assessed with: WASI IQ score

Least square mean 1.7

(SE 95% CI -1.1 to 4.4)

- 166

(1 RCT)

⊕⊕⊝⊝

Low 2 3

Author report-
ed data from
SIT 2014

Quality of life

assessed with: Child Health Ques-
tionnaire Parent Form 50

Difference estimate -0.54 (-0.92 to -0.17) - 196

(1 RCT)

⊕⊕⊝⊝

Low 2 3

Author report-
ed data from
SIT 2014

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

Abbreviations: ACS: acute chest syndrome; CI: confidence interval; RCT: randomised controlled trial; RR: risk ratio; OR: odds ratio; TIA: transient ischaemic attack.

GRADE Working Group grades of evidence
High quality: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: we are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different
Low quality: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 We downgraded the quality of evidence by 1 due to imprecision. Rare event. No deaths occurred.
2 We downgraded the quality of the evidence by 1 due to risk of bias. Unblinded trial and cross-overs, and imbalance between loss to follow-up between trial arms
3 We downgraded the quality of the evidence by 1 due to indirectness. Only children with HbSS or HbSβº thalassaemia included in trials
4 We downgraded the quality of evidence by 2 due to imprecision. The estimate has very wide CIs
a Based on Chou 2013
 
 

Summary of findings 2.   Long-term red cell transfusion versus no transfusion in people who are at risk of a primary stroke who have had previous
long-term red cell transfusions

Primary prevention

Patient or population: individuals with sickle cell disease who are at risk of a primary stroke who have had long-term red cell transfusions to prevent a stroke
Setting: outpatients
Intervention: long-term red cell transfusion
Comparison: halted transfusion

Outcomes Anticipated absolute effects* (95% CI) Relative ef-
fect

№ of partici-
pants

Quality of the
evidence

Comments
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Risk with stan-
dard care

Risk with blood
transfusion

(95% CI) (trials) (GRADE)

Trial populationClinical stroke

follow-up: mean 24 months 49 per 1000 11 per 1000

(0 to 212)

RR 0.22

(0.01 to 4.35)

79
(1 RCT)

⊕⊝⊝⊝

Very low 1 2 3

 

ModerateaAll-cause mortality

10 per 1000 75 per 1000

(2 to 803)

Peto OR
8.00 (0.16 to
404.12)

79
(1 RCT)

⊕⊝⊝⊝

Very low 1 2 3

 

Adverse events associated with transfusion
assessed with: alloimmunisation

See comment   79

(1 RCT)

- No compara-
tive numbers
reported

TIA See comment   79

(1 RCT)

- No compara-
tive numbers
reported

Serious adverse events as a result of sickle cell-re-
lated complications assessed with: ACS

See comment   79

(1 RCT)

- No compara-
tive numbers
reported

Measures of neurological impairment - not report-
ed

Outcome not reported - - -  

Quality of life - not reported Outcome not reported - - - -

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

Abbreviations: ACS: acute chest syndrome; CI: confidence interval; RR: risk ratio; OR: odds ratio; TIA: transient ischaemic attack

GRADE Working Group grades of evidence
High quality: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: we are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different
Low quality: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
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1 We did not downgrade the evidence due to risk of bias because the evidence was already very low grade evidence. There was attrition bias. Imbalance between loss to follow-
up between trial arms
2 We downgraded the quality of the evidence by 1 due to indirectness. Only children with HbSS or HbSβº thalassaemia included in trials
3 We downgraded the quality of evidence by 2 due to imprecision. The estimate has very wide CIs
a Assuming a mortality rate of 1%
 
 

Summary of findings 3.   Long-term red cell transfusion versus hydroxyurea and phlebotomy in people who are at risk of a primary stroke who have
had previous long-term red cell transfusions

Primary prevention

Patient or population: individuals with sickle cell disease who are at risk of a primary stroke who have had long-term red cell transfusions to prevent a stroke
Setting: outpatient
Intervention: blood transfusion with iron chelation
Comparison: hydroxyurea with phlebotomy

Anticipated absolute effects* (95% CI)Outcomes

Risk with hydroxyurea
and phlebotomy

Risk with Blood transfu-
sion

Relative ef-
fect
(95% CI)

№ of partici-
pants
(trials)

Quality of the
evidence
(GRADE)

Comments

Clinical stroke No strokes occurred in either trial arm - 121

(1 RCT)

⊕⊝⊝⊝

Very low 1 2

 

All-cause mortality No deaths occurred in either trial arm - 121

(1 RCT)

⊕⊝⊝⊝

Very low 1 2

 

Adverse events associated

with transfusion
assessed with: Liver iron con-
centration mg Fe/g dry weight
liver

The mean liver iron con-
centration was

9.5 mg Fe/g dry weight

MD 1.8 mg Fe/g dry
weight lower

(5.16 lower to 1.56 higher)

- 121

(1 RCT)

⊕⊕⊝⊝

Low2 3

Switching to hydroxyurea
and phlebotomy may re-
duce serum ferritin levels
compared to continuing to
receive red cell transfusions
and chelation (MD) -1398
μg/L, 95% CI -1929 to -867;
one trial, 121 participants)

Incidence of TIA 49 per 1000 50 per 1,000

(10 to 238)

RR 1.02 (0.21
to 4.84)

121

(1 RCT)

⊕⊝⊝⊝

Very low 2 3 4

 

Serious adverse events as a
result of sickle cell-related
complications

Trial population RR 2.03 (0.39
to 10.69)

121

(1 RCT)

⊕⊝⊝⊝

Very low 2 3 4
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assessed with: ACS
33 per 1000 67 per 1,000

(13 to 350)

Measures of neurological im-
pairment - not reported

Outcome not reported - - - -

Quality of life - not reported Outcome not reported - - - -

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

Abbreviations: ACS: acute chest syndrome; CI: confidence interval; RR: risk ratio; OR: odds ratio; TIA: transient ischaemic attack.

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 We downgraded the quality of the evidence by 2 due to imprecision. Rare event. No deaths or stroke occurred.
2 We downgraded the quality of the evidence by 1 due to indirectness. Only children with HbSS or HbSβº thalassaemia included in trials
3 We downgraded the quality of the evidence by 1 due to risk of bias.Trial was not blinded and stopped early
4 We downgraded the quality of the evidence by 1 due to imprecision. The estimate has very wide CIs
 
 

Summary of findings 4.   Long-term red cell transfusion versus hydroxyurea and phlebotomy in people who are at risk of a secondary stroke who have
had previous long-term red cell transfusions

Secondary prevention

Patient or population: individuals with sickle cell disease who have had a stroke who have had long-term red cell transfusions to prevent another stroke
Setting: outpatients
Intervention: blood transfusion with iron chelation
Comparison: hydroxyurea with phlebotomy

Anticipated absolute effects* (95% CI)Outcomes

Risk with hy-
droxyurea and
phlebotomy

Risk with Blood
transfusion

Relative ef-
fect
(95% CI)

№ of partici-
pants
(trials)

Quality of the
evidence
(GRADE)

Comments

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



B
lo

o
d

 tra
n

sfu
sio

n
 fo

r p
re

v
e

n
tin

g
 p

rim
a

ry
 a

n
d

 se
co

n
d

a
ry

 stro
k

e
 in

 p
e

o
p

le
 w

ith
 sick

le
 ce

ll d
ise

a
se

 (R
e

v
ie

w
)

C
o

p
yrig

h
t ©

 2017 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

1
0

Trial populationClinical stroke
assessed with: no previous red
cell transfusion
follow-up: mean 24 months

0 per 1000 0 per 1000

(0 to 0)

RR 14.78
(0.86 to
253.66)

133

(1 RCT)

⊕⊝⊝⊝

Very low 1 2 3

 

All-cause mortality 15 per 1000 15 per 1000

(1 to 198)

Peto OR 0.98

(0.06 to 15.92)

133

(1 RCT)

⊕⊝⊝⊝

Very low 1 2 3

 

Transfusion-related adverse
events - assessed with liver
iron concentration mg Fe/g dry
weight liver

Hydroxyurea arm: median 17.2 mg

IQR 10.0 to 30.6

Transfusion arm: median 17.3 mg

IQR 8.8 to 30.7

56

(1 RCT)

⊕⊕⊝⊝

Low 1 2
P = 0.7920a

Switching to hydroxyurea and phle-
botomy may reduce serum ferritin
levels compared to continuing to re-
ceive red cell transfusions and chela-
tion 1994 μg/L, interquartile range
(IQR) 998 to 3475, in the hydroxyurea
arm and 4064 μg/L, IQR 2330 to 7126,
in the transfusion arm; one trial, 133

participants; P < 0.001 a

Trial populationIncidence of TIA

136 per 1000 90 per 1000

(34 to 237)

RR 0.66
(0.25 to 1.74)

133

(1 RCT)

⊕⊝⊝⊝

Very low 1 2 3

 

Trial populationSerious adverse events as a re-
sult of sickle cell-related compli-
cations
assessed with: ACS

45 per 1000 15 per 1000

(2 to 140)

RR 0.33

(0.04 to 3.08)

133

(1 RCT)

⊕⊝⊝⊝

Very low1 2 3

 

Measures of neurological impair-
ment - not reported

Outcome not reported - - -  

Quality of life - not reported Outcome not reported - - -  

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

Abbreviations: ACS: acute chest syndrome; CI: confidence interval; RR: risk ratio; OR: odds ratio; TIA: transient ischaemic attack

GRADE Working Group grades of evidence
High quality: we are very confident that the true effect lies close to that of the estimate of the effect
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1

Moderate quality: we are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different
Low quality: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 We downgraded the quality of the evidence by 1 due to risk of bias. Trial was not blinded and stopped early
2 We downgraded the quality of the evidence by 1 due to indirectness. Only children with HbSS or HbSβº thalassaemia included in trials
3 We downgraded the quality of the evidence by 1 due to imprecision. The estimate has very wide CIs
a Analysis performed by the trial authors
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B A C K G R O U N D

Description of the condition

Sickle cell disease (SCD) is a genetic haemoglobin disorder
which can cause severe pain crises and dysfunction of virtually
every organ system in the body, ultimately causing premature
death. Populations originating from sub-Saharan Africa, South and
Central America, the Caribbean, the Middle East, India and parts
of the Mediterranean are predominantly aFected. Reductions in
infant and child mortality and increasing migration from highly
aFected countries have made this a worldwide problem (Piel 2012).
Over 12,500 people in the UK and 100,000 in the USA suFer from
the disease (NICE 2010; Pleasants 2014). A recent study estimated
that approximately 305,800 babies were born with SCD in 2010,
of which two thirds were born in Africa, and this could increase
to approximately 404,200 by 2050 (Piel 2012). In high-income
countries, people with SCD are expected to live into their 40's,
50's and beyond, whereas in low-income countries including some
African nations it is estimated that between 50% to 90% of children
born with HbSS die before their fiTh birthday (Gravitz 2014; Grosse
2011).

The term 'sickle cell disease' refers to all genotypes that cause
the clinical syndrome. There are three main types of SCD. Sickle
cell anaemia is the most common form of the disease (up to 70%
of cases of SCD in people of African origin) and is due to the
inheritance of two beta globin S (S) alleles (haemoglobin (Hb)SS).
The second most common genotype (up to 30% of cases in people
of African origin) is haemoglobin SC disease (HbSC disease) it is due
to the co-inheritance of the HbS and HbC alleles and tends to be
a more moderate form of the disease (Nagel 2003).The third major
type of SCD occurs when HbS is inherited with a β-thalassaemia
allele, causing HbS/β-thalassaemia (Rees 2010). People who have
inherited a β-thalassaemia null mutation along with HbS (HbSßº)
have a disease that is clinically indistinguishable from sickle cell
anaemia, whereas people with HbSβ⁺ thalassaemia have a milder
disorder.

In SCD, under certain conditions in the absence of oxygen, the
haemoglobin molecules within the red blood cells can associate
as polymers, making the cells rigid and distorted into a variety
of shapes, some resembling a sickle. The red blood cells have a
shortened life span, resulting in anaemia. They also demonstrate
increased adherence to endothelial cells lining the blood vessels,
contributing to vaso-occlusion. In later life, chronic damage
to poorly perfused organs becomes apparent (Steinberg 1999).
Individual heterogeneity among persons with sickle cell disease
make the symptoms highly variable in frequency and severity, but
the most common clinical manifestation is the acute sickle pain
crisis which occurs when small vessels are blocked, depriving the
tissues of oxygen and causing ischaemic damage and pain. Vaso-
occlusion can also occur in some large vessels, such as those in the
brain, causing or contributing to stroke.

Stroke, usually ischaemic, occurs in up to 10% of children with
sickle cell anaemia (HbSS) (Cohen 1996) and can cause weakness
in the limbs, slurring of speech, seizures, coma and cognitive
impairment. Recurrent (secondary) strokes occur in a half to
two thirds of untreated individuals and are associated with
increasing morbidity and mortality (Cohen 1996). 'Silent' cerebral
infarctions (SCIs) oTen go unnoticed but can also cause significant
neurological damage and cognitive disability and are present in a

further 17% to 27% of children with sickle cell anaemia (Kinney
1999; Kwiatkowski 2009). Transcranial Doppler (TCD) velocities
(tests that measure the speed of blood flow through the brain's
blood vessels (either the internal carotid artery or the middle
cerebral artery) by ultrasound) are used to identify children at high
risk of stroke. TCD velocities are classed as normal (less than 170 cm
per second); conditional (170 to 199 cm per second); or abnormal
(at least 200 cm per second) in (Adams 1998b).

Description of the intervention

The focus in the past has largely been on secondary prevention
with long-term transfusion, as risk factors for first stroke were not
well established. However, with the technological breakthrough
of the use of TCD cerebral blood flow velocity measurement,
screening has become feasible and is currently the standard of
care. Abnormally high blood flow in one or more major arteries is
associated with vascular narrowing and predicts an increased risk
of stroke, allowing preventative treatment (i.e. long-term red cell
transfusion programme) prior to the first stroke (Adams 1998a). The
fetal haemoglobin (HbF) stimulating drug hydroxyurea has been
substituted successfully for long-term red cell transfusion for the
prevention of secondary stroke in a limited number of cases (Ware
2010). Serial phlebotomy may be highly eFective in the reduction of
iron overload if transfusions are no longer necessary (Ware 2004).

As well as the direct and indirect costs, long-term red cell
transfusions can have adverse side eFects. Iron overload is a
problem and requires daily oral iron chelation with deferasirox
or deferiprone (or daily subcutaneous or intravenous infusions
with desferrioxamine) to avoid the toxic eFects of excess iron
(Inati 2011). However, compliance with the chelation programmes
is oTen poor, and therefore problems of iron overload are
potentially serious. Alloimmunisation occurs when the individual
develops antibodies to the foreign red cells (Smith-Whitley 2012),
which is a major problem for future transfusion. Blood products
can be contaminated with infective agents such as hepatitis C
and HIV, and while this now occurs only rarely in developed
countries, the risk is much higher in the developing countries
where sickle cell disease is most prevalent. Other problems with
transfusions include hyperviscosity of the blood due to over-
transfusion, and haemolytic transfusion reactions, both potentially
serious side eFects. The regimen is oTen complex and time-
consuming, requiring monthly transfusions to maintain the HbS at
approximately 20% to 30%. In short, blood transfusion is a lengthy
and costly process which is not without risks, and these must be
balanced against the possible benefits prior to embarking on a
long-term regimen.

How the intervention might work

Red cell transfusions are undertaken in many people with SCD to
dilute the circulating sickle cells, thus reducing the risk of vaso-
occlusive episodes and anaemia (Serjeant 1992) and increasing
tissue oxygen delivery. Transfusions can be given acutely, in
emergency treatment of complications such as acute splenic
sequestration, aplastic crisis, and acute chest syndrome (ACS), and
are also frequently used in preparation for surgery. In addition,
many people with SCD receive chronic transfusion regimens in
an attempt to prevent severe vaso-occlusion and stroke (Smith-
Whitley 2012).

Blood transfusion for preventing primary and secondary stroke in people with sickle cell disease (Review)
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The mechanisms for the reduction in stroke risk from long-term
red cell transfusion are not known (DeBaun 2006). However, a
reduction in cells containing high amounts of HbS or an increase in
Hb level could have beneficial eFects on cerebral blood vessels or
interactions between red blood cells and endothelial cells (Adams
1998b). Transfusion does have an immediate haemodynamic
eFect measured by reduction of middle cerebral artery velocity
(Venkatesubramanian 1994).

Hydroxyurea is currently the only approved therapeutic drug for
the treatment of sickle cell anaemia (for adults with severe vaso-
occlusive episodes of pain or acute chest syndrome) and its use has
become widespread in both children and adults with this condition.
In preliminary studies it was substituted successfully for long-term
transfusion in the prevention of secondary strokes, leading to its
consideration for use in the phase III SWiTCH trial (SWiTCH 2012).

For the past three decades the standard treatment for iron overload
related to long-term red cell transfusion has been the use of
iron chelating agents, including desferrioxamine, deferiprone and
deferasirox. Although serial phlebotomy has long been utilized for
conditions such as polycythaemia, it has recently been found to
be highly eFective in the reduction of iron overload from chronic
red blood cell transfusion in people who are no longer requiring
that treatment (Ware 2004). Pilot information on the combination
use of hydroxyurea and phlebotomy led to the development of the
SWiTCH trial (SWiTCH 2012).

Why it is important to do this review

In the USA the National Institutes of Health (NIH) guidelines
recommend a long-term red cell transfusion programme for
prevention of stroke in people with SCD who have had a prior
stroke, or who have an abnormal TCD reading (blood flow velocity
equal to or greater than 200 cm per second in the internal carotid
artery or the middle cerebral artery). While many studies support
the eFicacy of this treatment (Adams 1998a; Bernaudin 2011), the
optimum regimen and duration of treatment for primary stroke
prophylaxis have not been widely agreed upon. This review aims
to assess the relative risks and benefits of red cell transfusion
regimens for preventing primary strokes in people with SCD,
with or without SCIs. Furthermore, older data indicated the need
for indefinite continuation of long-term red cell transfusion and
iron removal in the prevention of secondary strokes and its
treatment consequences (Wang 1991). The potential substitution of
an oral drug (hydroxyurea) for long-term red cell transfusion and
of periodic phlebotomy for oral or subcutaneous iron chelation
oFered less demanding and potentially less expensive secondary
stroke preventative management.

The publication is an update of a Cochrane Review first published
in 2002 and most recently updated in 2013 (Hirst 2002; Wang 2013).

O B J E C T I V E S

In this review we aimed to determine whether long-term red cell
transfusion regimens in people with SCD:

• reduce occurrence of stroke (primary prevention);

• reduce recurrence of stroke (secondary prevention);

• reduce mortality;

• reduce other complications of SCD including pain crises, ACS
and splenic sequestration;

• are associated with unacceptable adverse events or costs.

This version of the review does not address the question of whether
the risk of silent cerebral infarction is aFected by blood transfusion
because this is the subject of a separate Cochrane Review (Estcourt
2016).

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs) with no limits on
language or publication status.

Types of participants

People with SCD (HbSS, SC, Sß⁺ and Sß0 proven by electrophoresis,
with family studies or DNA tests as appropriate) of all ages and both
sexes, whether or not they have a history of prior stroke or transient
ischaemic attack (TIA).

Types of interventions

Long-term red cell transfusion regimens compared to other
transfusion regimens, no treatment or the use of hydroxyurea to
reduce the incidence of stroke in people with SCD.

Types of outcome measures

We grouped outcome data, where appropriate, into those
measured prior to transfusion regimen, one month, one year,
five years and more than five years aTer initiation of transfusion,
and one year, five years and more than five years aTer stopping
transfusion.

Primary outcomes

• Incidence of clinical diagnosis of any type of stroke (by clinical
symptoms and signs, magnetic resonance imaging (MRI) scan,
computed tomography imaging (CT) scan or autopsy)

• Deaths from any cause in each treatment group

• Transfusion-related complications (e.g. alloimmunisation,
infection from blood product, procedural complications,
transfusion reactions, reduced immunocompetency, iron
overload (measured by serum ferritin, liver iron or quantitative
MRI))

Secondary outcomes

• Incidence of TIA

• Measures of neurological impairment, and measures of
neuropsychiatric performance (e.g. full scale intelligence
quotient (FSIQ))

• Incidence of other sickle cell complications (e.g. pain crises,
acute chest syndrome, splenic sequestration)

• Quality of life (measured on a validated scale)

• Measures of organ damage (e.g. renal function, liver function,
and lung function tests)

• Haemoglobin level and HbS percentage (mean, pre- and post-
transfusion, and at time of event)

Blood transfusion for preventing primary and secondary stroke in people with sickle cell disease (Review)
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Search methods for identification of studies

Electronic searches

We identified relevant trials from the Cochrane Cystic Fibrosis and
Genetic Disorders Group’s Haemoglobinopathies Trials Register
using the terms: sickle cell OR (haemoglobinopathies AND general)
AND stroke AND blood transfusion.

The Haemoglobinopathies Trials Register is compiled from
electronic searches of the Cochrane Central Register of Controlled
Trials (Clinical Trials) (updated each new issue of the Cochrane
Library) and weekly searches of MEDLINE. Unpublished work
is identified by searching the abstract books of five major
conferences: the European Haematology Association conference;
the American Society of Hematology conference; the British Society
for Haematology Annual Scientific Meeting; the Caribbean Public
Health Agency Annual Scientific Meeting (formerly the Caribbean
Health Research Council Meeting); and the National Sickle Cell
Disease Program Annual Meeting. For full details of all searching
activities for the register, please see the relevant section of the
Cochrane Cystic Fibrosis and Genetic Disorders Group's website.

Date of the most recent search of the Group's
Haemoglobinopathies Trials Register: 25 April 2016.

We also searched the following databases for RCTs and SRs on April
4 2016 without language, publication year or publication status
restrictions:

• the Cochrane Library (CENTRAL & DARE) (Issue 4, 2016; Issue 2,
2015 respectively) (http://www.cochranelibrary.com/);

• MEDLINE (OvidSP, Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, 1946 to 04 April 2016);

• Embase (OvidSP, 1974 to 04 April 2016);

• CINAHL (EBSCOHost, 1937 to 04 April 2016);

• PubMed (for epublications ahead of print, in-process &
other non-indexed citations only on 4 April 2016) (https://
www.ncbi.nlm.nih.gov/pubmed);

• Transfusion Evidence Library (1950 to 04 April 2016) (http://
www.transfusionevidencelibrary.com/);

• LILACS (1982 to 04 April 2016) (LILACS);

• IndMed (1986 to 04 April 2016) (IndMed);

• KoreaMed (1997 to 04 April 2016) (KoreaMed);

• Web of Science (Conference Proceedings Citation Index- Science
(CPCI-S) - 1990 to 04 April 2016).

We also searched the following trial databases for ongoing trials on
04 April 2016:

• ClinicalTrials.gov (https://clinicaltrials.gov/);

• WHO International Clinical Trials Registry Platform (ICTRP)
(www.who.int/ictrp/en/);

The full search strategies for each database are available in
Appendix 1.

Searching other resources

We augmented database searching with the following.

Handsearching of reference lists

We checked references of all included trials, relevant review articles
and current treatment guidelines for further literature. These
searches were limited to the ’first generation’ reference lists.

Personal contacts

We contacted authors of relevant trials for unpublished material or
further information.

Data collection and analysis

Selection of studies

Two independent review authors (LE, PF) screened all
electronically-derived citations and abstracts of papers identified
in the search for relevance. We excluded trials that were clearly
irrelevant at this stage based on a review of the abstract. Two
independent review authors (LE, PF) formally assessed the full texts
of all potentially-relevant trials for eligibility against the criteria
outlined above. We resolved all disagreements by discussion
without the need for a third review author. We sought further
information from trial authors if the article contained insuFicient
data to make a decision about eligibility. We used Covidence to
screen all abstracts and full-text articles (Covidence 2015). We
recorded the reasons why potentially-relevant trials failed to meet
the eligibility criteria.

Data extraction and management

Since the previous versions of this review, we have updated the
data extraction and risk of bias assessment for all included trials
(Hirst 2002; Wang 2013). Two review authors (LE, PF) conducted
the data extraction according to Cochrane guidelines (Higgins
2011a). We resolved disagreements between the review authors
by consensus. The review authors were not blinded to names of
authors, institutions, journals, or the outcomes of the trials. We
used Covidence (Covidence 2015) to extract data for the two new
trials and to assess the risk of bias for all included trials. Two
authors (LE, PF) extracted data independently for all the trials. We
used the available tables in Review Manager 5 to present extracted
data on trial characteristics (Review Manager 5.3).

We extracted the following data.

General information

Review author’s name, date of data extraction, study ID, first author
of trial, author’s contact address (if available), citation of paper,
objectives of the trial.

Trial details

Trial design, location, setting, sample size, power calculation,
treatment allocation, inclusion and exclusion criteria, reasons
for exclusion, comparability of groups, length of follow-up,
stratification, stopping rules described, statistical analysis, results,
conclusion, and funding.

Characteristics of participants

Age, gender, total number recruited, total number randomised,
total number analysed, types of underlying disease, lost to follow-
up numbers, dropouts (percentage in each arm) with reasons,
protocol violations, previous treatments, current treatment,
prognostic factors, haemoglobin S levels.

Blood transfusion for preventing primary and secondary stroke in people with sickle cell disease (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

14

http://cfgd.cochrane.org/our-specialised-trials-registers
http://www.cochranelibrary.com/
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed
http://www.transfusionevidencelibrary.com/
http://www.transfusionevidencelibrary.com/
http://bases.bireme.br/cgi-bin/wxislind.exe/iah/online/?IsisScript=iah/iah.xis%26base=LILACS%E2%8C%A9=i%26form=F
http://indmed.nic.in/indmed.html
https://www.koreamed.org/SearchBasic.php
https://clinicaltrials.gov/
http://www.who.int/ictrp/en/


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Interventions

Experimental and control interventions, method of red cell
transfusion (top-up, partial or full exchange transfusion).

Assessment of bias

Sequence generation, allocation concealment, blinding
(participants, personnel, and outcome assessors), incomplete
outcome data, selective outcome reporting, other sources of bias.

Outcomes measured

• Incidence of clinical diagnosis of any type of stroke (by clinical
symptoms and signs, MRI scan, computed tomography imaging
(CT) scan or autopsy)

• Deaths from any cause in each treatment group

• Transfusion-related complications (e.g. alloimmunisation,
infection from blood product, procedural complications,
transfusion reactions, reduced immunocompetency, iron
overload (measured by serum ferritin, liver iron or quantitative
MRI)

• Incidence of TIA

• Measures of neurological impairment, and measures of
neuropsychiatric performance (e.g. full scale intelligence
quotient (FSIQ))

• Incidence of other sickle cell complications (e.g. pain crises, ACS,
splenic sequestration)

• Quality of life (measured on a validated scale)

• Measures of organ damage (e.g. renal function, liver function,
and lung function tests)

• Haemoglobin level and HbS percentage (mean, pre- and post-
transfusion, and at time of event

We used both full-text versions and abstracts to retrieve the data.
We used one data extraction form per trial, regardless of number
of publications relating to that trial. Where these sources did
not provide suFicient information, we contacted authors and trial
groups for additional details. One review author entered data into
Review Manager 5 and a second review author checked these for
accuracy Review Manager 5.3) .

Assessment of risk of bias in included studies

We updated the risk of bias assessments from those in the
previous versions of this review (Hirst 2002; Wang 2013). Two
review authors (LE, PF) assessed all included trials for possible
risk of bias (as described in the Cochrane Handbook of Systematic
Reviews of Interventions (Higgins 2011b)). The assessment included
information about the design, conduct and analysis of the trial. We
evaluated each criterion using the Cochrane three-point scale (low,
high, or unclear risk of bias) in the following areas.

• Selection bias (random sequence generation and allocation
concealment)

• Performance bias (blinding of participants and personnel)

• Detection bias (blinding of outcome assessment)

• Attrition bias (incomplete outcome data)

• Reporting bias (selective reporting)

• Other bias

If disagreement arose on the assessment of quality of an included
trial, we reached a consensus by discussion, without the need for a
third review author.

Measures of treatment e=ect

For continuous outcomes we recorded the mean, standard
deviation (SD) and total number of participants in both the
treatment and control groups. For those continuous outcomes
using the same scale, we performed analyses using the mean
diFerence (MD) with 95% confidence intervals (CIs). There were no
continuous outcomes measured using diFerent scales (when we
would have used the standardised MD).

For dichotomous outcomes we recorded the number of events and
the total number of participants in both the treatment and control
groups. We reported the pooled risk ratio (RR) with a 95% CI. Where
the number of observed events was small (less than 5% of sample
per group), and where trials have balanced treatment groups, we
reported the Peto odds ratio (OR) with 95% CI (Deeks 2011).

If data allowed, we undertook quantitative assessments using
Review Manager 5 (Review Manager 5.3). If we could not report the
available data in any of the formats described above, we performed
a narrative report, and if appropriate we presented the data in
tables.

Unit of analysis issues

We did not pre-specify in the protocol how we would deal with
unit of analysis issues. We did not expect to encounter unit of
analysis issues as cluster randomised trials, cross-over trials, and
multiple observations for the same outcome were not included in
this review. Should we have found any trials with these designs
we would have treated these in accordance with the advice given
in chapter 16 of the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011c).

Dealing with missing data

We dealt with missing data according to the recommendations
in theCochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011c). Where information was missing or unclear, we
contacted the primary investigator or where applicable the funding
source. In order to allow an intention-to-treat (ITT) analysis,
irrespective of later exclusion (regardless of cause) or loss to follow-
up, we collected data by allocated treatment groups.

Assessment of heterogeneity

We conducted a meta-analysis and assessed the statistical
heterogeneity if trials were suFiciently homogenous in their design
(Deeks 2011). We assessed statistical heterogeneity of treatment
eFects between trials using a Chi2 test with a significance level at
P < 0.1 and used the I2 statistic to quantify possible heterogeneity
(I2 value greater than 50% moderate heterogeneity, I2 value greater
than 75% considerable heterogeneity). If statistical heterogeneity
was considerable, we did not report the overall summary statistic.
We could not assess potential causes of heterogeneity by sensitivity
analyses due to the lack of data (Deeks 2011).

Assessment of reporting biases

We did not perform a formal assessment of potential publication
bias (small trial bias) by generating a funnel plot and statistically
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test using a linear regression test (Sterne 2011) as no meta-analysis
contained 10 or more trials.

Data synthesis

We performed analyses according to Cochrane recommendations
(Deeks 2011). We used aggregated data for analysis. For statistical
analysis, we entered data into the Review Manager soTware
(Review Manager 5.3). Where meta-analysis was feasible, we used
the fixed-eFect model for pooling the data. We used the Mantel-
Haenszel method for dichotomous outcomes or Peto method
as necessary, and the inverse variance method for continuous
outcomes. There was no statistical heterogeneity, but if statistical
heterogeneity was found to be above 75%, we would identify a
reason for clinical heterogeneity and not perform a meta-analysis
but comment instead on the results as a narrative. Even in the
absence of statistical heterogeneity, we planned to explore the
robustness of any summary measures, particularly with respect
to trial methodological quality, but we were unable to perform
sensitivity analyses due to inadequate data.

Subgroup analysis and investigation of heterogeneity

We performed subgroup analyses on the following characteristics:

• TCD velocities (normal (less than 170 cm/s), conditional (170 to
199 cm/s), abnormal (at least 200 cm/s));

• presence or absence of previous SCI on MRI.

We did not perform subgroup analyses on the following
characteristics, due to a lack of data:

• trials comparing transfusion therapy with no treatment or
other treatments separately from those comparing diFerent
transfusion regimens;

• severity of the disease;

• age of the participant (paediatric, adults, older adults (over 60
years)).

If, in future updates, we identify moderate heterogeneity between
trials, we will examine subgroups to help explain the reasons for
this.

Sensitivity analysis

We planned to use the random-eFects model for sensitivity
analyses as part of the exploration of heterogeneity.

• Including only those trials with a 'low risk of bias' (e.g. RCTs with
methods assessed as low risk for random sequence generation
and concealment of treatment allocation)

• Including only those trials with less than a 20% dropout rate

We could not do sensitivity analyses due to inadequate data.

Summary of findings table

We used the GRADE approach to create a 'Summary of findings'
table, as suggested in chapters 11 and 12 of the Cochrane
Handbook for Systematic Reviews of Interventions (Schünemann
2011a; Schünemann 2011b). We used the GRADE approach to rate
the quality of the evidence as 'high', 'moderate', 'low', or 'very low'
using the five GRADE considerations as follows.

• Risk of Bias: serious or very serious

• Inconsistency: serious or very serious

• Indirectness: serious or very serious

• Imprecision: serious or very serious

• Publication bias: likely or very likely

We presented summary of findings table on the following outcomes
for each intervention comparison.

• Incidence of clinical diagnosis of any type of stroke

• Deaths due to any cause

• Transfusion-related complications

• Incidence of TIA

• Measures of neurological impairment,

• SCD-related complications

• Quality of life (measured on a validated scale)

We have also rated the quality of evidence with summary of findings
table for risk of stroke associated with SCI and TCD velocities
above or below the transfusion threshold in primary and secondary
prevention of stroke.

R E S U L T S

Description of studies

See Characteristics of included studies and Characteristics of
excluded studies.

Results of the search

See PRISMA flow diagram (Figure 1).
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Figure 1.   Study flow diagram.
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Figure 1.   (Continued)

 
In the previous version of this Cochrane Review (Wang 2013) the
review authors identified a total of 89 references: 80 references
related to three included trials (STOP 1998; STOP 2 2005; SWiTCH
2012) and nine to three ongoing trials (SCATE 2015; SIT 2014;
TWiTCH 2016).

The updated search (conducted 04 April 2016 and 25 April
2016) identified a total of 1394 (1314 articles and 80 clinical
trials) potentially relevant records. There were 860 records aTer
duplicates were removed. Two review authors (LE, PF) excluded
777 records on the basis of the abstract, and two authors (LE,
PF) reviewed 83 full text articles for relevance. We identified
two completed trials within 22 publications which were classified
as ongoing trials in the previous version of this review (SIT
2014,TWiTCH 2016). We identified 60 citations related to previously
included trials (STOP 1998; STOP 2 2005, SWiTCH 2012). We
excluded two trials: one previously ongoing trial (SCATE 2015); and
one additional trial at the full text stage (Bernaudin 2015). In this
update we included five trials: three previously included trials and
two previously ongoing trials (SIT 2014; STOP 1998; STOP 2 2005;
SWiTCH 2012; TWiTCH 2016). We found no ongoing trials.

Included studies

See Characteristics of included studies for full details of each trial.

Five trials, including 660 participants, met the predefined inclusion
criteria (SIT 2014; STOP 1998; STOP 2 2005; SWiTCH 2012;TWiTCH
2016).

Trial design

All five trials were multicentre randomised trials, ranging from 12
centres (STOP 1998; STOP 2 2005) to 29 centres (SIT 2014).

Four trials were terminated early (STOP 1998; STOP 2 2005; SWiTCH
2012; TWiTCH 2016):

• STOP 1998 was terminated 16 months early by the trial's data
monitoring board when a 92% reduction in incidence of stroke
in the transfused group was seen.

• STOP 2 2005 was terminated two years early due to safety
concerns.

• SWiTCH 2012 was stopped early due to futility for the composite
primary endpoint.

• TWiTCH 2016, a non-inferiority trial, was stopped aTer the first
scheduled interim analysis because non-inferiority had been
demonstrated.

The SIT trial was the only trial that was not stopped before the
planned end of recruitment and follow-up (SIT 2014).

Trial size

The number of participants enrolled in the five trials ranged from 79
(STOP 2 2005) to 196 (SIT 2014). Power calculations were reported
in four trials (SIT 2014; STOP 1998; STOP 2 2005; TWiTCH 2016),
three of these studies were stopped early (STOP 1998; STOP 2 2005;
TWiTCH 2016). The STOP 2 trial planned to recruit 100 children
and the TWiTCH trial planned to recruit 148 children (STOP 2 2005;
TWiTCH 2016).

Settings

The trials were published between 1998 (STOP 1998) and 2016
(TWiTCH 2016). All were multicentre trials (12 to 29 recruitment
centres). One trial was conducted in the USA (SWiTCH 2012), three
trials were conducted in the USA and Canada (STOP 1998; STOP
2 2005; TWiTCH 2016); and one trial was conducted in the USA,
Canada, France and the UK (SIT 2014).

Participants

All trials included participants with HbSS disease and HbSβ0
thalassaemia. Two trials also included participants with HbS/OArab

disease (SWiTCH 2012; TWiTCH 2016). Three trials did not specify
the distribution of phenotypes (SIT 2014; STOP 1998; STOP 2 2005).
In the SWiTCH trial, 100% of participants in the transfusion arm and
99% in the no transfusion arm had the HbSS phenotype, and in the
TWiTCH trial, 97% in the transfusion arm and 100% in hydroxyurea
arm had the HbSS phenotype (SWiTCH 2012; TWiTCH 2016).

All participants in the trials were children and adolescents aged
from two to 20 years. Two trials included participants over 16 years
(STOP 2 2005; SWiTCH 2012). Mean (SD) ages in the trials ranged
from the lowest age of eight (three) years in the SIT and STOP trials
(SIT 2014; STOP 1998) to a high of 13 (four) years in the SWiTCH trial
(SWiTCH 2012). Participants tended to be equally divided between
males and females with the highest participation of males (57%)
in the SIT trial (SIT 2014) and the lowest (39%) in the TWiTCH trial
(TWiTCH 2016).

All trials excluded females who were pregnant or people who had
HIV. Other inclusion and exclusion criteria varied depending on the
objectives of the trial. In the SWiTCH trial, individuals were included
if they had an overt clinical stroke aTer the age 12 months (SWiTCH
2012), whereas in the other four trials individuals were excluded if
they had a clinical history of stroke (SIT 2014; STOP 1998; STOP 2
2005; TWiTCH 2016).

In the SIT trial, children had to have evidence of at least one silent
cerebral infarct confirmed on MRI and normal TCD velocities (SIT
2014). In the STOP, STOP 2 and the TWiTCH trials, individuals had
to have abnormal TCD velocities prior to any transfusion therapy
(greater than or equal to 200 cm/s) (STOP 1998; STOP 2 2005;
TWiTCH 2016), and in the STOP 2 trial these abnormal TCD velocities
had to have normalised with transfusion therapy (STOP 2 2005).
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Three trials excluded individuals with a history of seizures (SIT 2014;
STOP 1998; STOP 2 2005); two trials excluded individuals with a
severe vasculopathy (STOP 2 2005; TWiTCH 2016); and one trial
excluded children with a previous TIA (TWiTCH 2016).

Intervention

All trials had a transfusion arm with the aim of keeping HbS to
30% or less with local discretion as to the type of red blood cell
transfusion administered (simple, manual exchange or automated
exchange). Three trials reported using leucocyte-depleted red cells
and blood matched for C, D, E and Kell antigen (SIT 2014; STOP
1998; STOP 2 2005), the remaining two trials did not report the
type of blood component used (SWiTCH 2012; TWiTCH 2016). In
the SWiTCH and TWiTCH trials, participants in the transfusion arm
also received iron chelation (SWiTCH 2012; TWiTCH 2016), in the SIT
and STOP 2 trials, participants received iron chelation if required
(SIT 2014; STOP 2 2005) and in the STOP trial, participants did not
receive iron chelation (STOP 1998).

Three trials compared long-term transfusion therapy to standard
care with no hydroxyurea (SIT 2014; STOP 1998; STOP 2 2005). In
two of these trials participants had not had previous long-term
transfusions (SIT 2014; STOP 1998), and in one trial all participants
had previous long-term transfusions to prevent primary stroke
(STOP 2 2005). In the STOP 2 trial, the transfusion halted arm could
receive transfusions to treat SCD complications but if hydroxyurea
or regular transfusions were initiated it was considered a cross-over
and data were censored at treatment initiation (STOP 2 2005).

Hydroxyurea was the comparator in the SWiTCH and TWiTCH
trials, which was initiated at 20 mg/kg/day with escalation to a
maximum tolerated dose (MTD) with transfusion overlap for four
to nine months until MTD was reached. Once MTD was reached,
phlebotomy was commenced with a target of 10 mL/kg of blood
removed monthly to reduce iron burden (maximum 500 mL)
(SWiTCH 2012; TWiTCH 2016)..

Outcomes

Outcomes varied across trials depending on the objectives.

The primary outcome in SIT was the recurrence of infarct
or haemorrhage as determined by neuroimaging. Secondary
outcomes were TIAs and changes in cognition (SIT 2014).

In both STOP trials, the primary outcomes were cerebral infarction
or intracranial haemorrhage and STOP 2 also included reversion
to abnormal velocity on TCD (STOP 1998; STOP 2 2005). In both
trials secondary outcomes reported were death, and transfusion-
and SCD-related adverse events.

In the SWiTCH trial the primary outcome was a composite primary
endpoint of secondary stroke recurrence rate and quantitative
liver iron concentration, while non-stroke neurological events, non-
neurological sickle cell clinical events, quality of life evaluation, and
measures of organ function were all secondary outcomes (SWiTCH
2012).

In the TWiTCH trial the primary outcome was TCD time-averaged
mean velocity on the index side, defined as the cerebral hemisphere
with the higher mean arterial velocity at baseline assessment
(TWiTCH 2016). TCD velocity on the non-index side, new stroke
or non-stroke neurological events, new brain MRI or MRA lesions,
hepatic iron overload, sickle-related events, neuropsychological
status, quality of life, growth, and treatment-related complications
were secondary outcomes.

Funding source

All five trials received government funding.

Ongoing studies

We did not identify any ongoing studies for the update of the review.

Excluded studies

We excluded two studies; one previously ongoing trial was excluded
because the trial did not include a transfusion arm (SCATE 2015).
We also excluded one further study as it was not a randomised trial
(Bernaudin 2015).

Risk of bias in included studies

Refer to the figures section of the review for visual representations
of the assessments of risk of bias across all trials and for each
item in the included trials (Figure 2; Figure 3). See the risk of bias
section in the Characteristics of included studies section for further
information about the bias identified within the individual trials.

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   (Continued)

 
Allocation

Random sequence generation (selection bias)

We considered four trials to be at low risk of bias, as randomisation
was done centrally by the statistical data coordinating centre or was
randomly generated or both (SIT 2014; STOP 1998; STOP 2 2005;
TWiTCH 2016). We judged the SWiTCH trial to have an unclear risk of
bias as the method of randomisation was not adequately reported
(SWiTCH 2012).

Allocation concealment (selection bias)

We considered three trials to be at low risk of bias for allocation
concealment as assignment was done by a central statistical data
centre or allocation was statistically determined or both (SIT 2014;
STOP 1998; TWiTCH 2016). We considered two trials to be at unclear
risk of bias because no description of allocation concealment was
provided (STOP 2 2005; SWiTCH 2012).

Blinding

Blinding of participants and personnel (performance bias)

We considered all five trials to be at high risk of performance bias
as it is impractical to mask a blood transfusion intervention so all
participants and personnel were unblinded.

Blinding of outcome assessment (detection bias)

We considered all five trials to be at low risk of bias for the outcome
assessment of stroke or TIA as these outcomes were adjudicated by
experts masked to treatment assignments.

We judged all five trials to be at high risk of bias for all other
outcomes except mortality as all trials were unblinded.

Incomplete outcome data

We considered four trials to be at low risk for attrition bias as they all
used an ITT analysis and all participants were accounted for in the
trials (SIT 2014; STOP 1998; SWiTCH 2012; TWiTCH 2016). We judged
the STOP 2 trial to be at high risk for attrition bias as it was not stated
if an ITT analysis was used and 17% of participants discontinued or
data were censored (STOP 2 2005).

Selective reporting

We considered one trial to be at low risk of reporting bias as a
protocol was provided and all planned outcomes were reported
(SIT 2014). We rated three trials as unclear risk for reporting bias
(STOP 1998; STOP 2 2005; TWiTCH 2016): one trial had no protocol
and no prospective trial registration (STOP 1998); one trial did not
report any secondary outcomes and it was not clear if all adverse
events were reported as some participant data were censored
(STOP 2 2005); one trial did not report some secondary outcomes
and it was unclear if these outcomes will be reported in future
publications (TWiTCH 2016).

We judged one trial to be at high risk for selective reporting bias
as several secondary outcomes were not reported (i.e. quality of
life, growth and development, organ damage, transfusion-related,
chelation-related and phlebotomy related complications) (SWiTCH
2012).

Other potential sources of bias

We considered all trials to be at unclear risk for other sources
of bias. We judged four trials to have unclear risk due to early
termination of these trials (STOP 1998; STOP 2 2005; SWiTCH 2012;
TWiTCH 2016). As well, in the TWiTCH trial, children with severe
vasculopathy were excluded during screening, so these children
might not be suitable candidates for hydroxyurea and longer
follow-up is required to determine if findings are maintained over
time (TWiTCH 2016). The SIT trial was considered to have unclear
risk because there was a 20% cross-over rate to either transfusion or
hydroxyurea treatment and also because hydroxyurea was started
in 17% of participants due to disease severity even though it
was part of the exclusion criteria (SIT 2014). In the SWiTCH trial,
more participants had moya-moya in the hydroxyurea arm (11
participants) than the transfusion arm (five participants), it was not
known if there was a diFerence between treatment arms in the
number of participants with severe vasculopathy (SWiTCH 2012).

E=ects of interventions

See: Summary of findings for the main comparison Long-term
red cell transfusion versus no transfusion in people who are
at risk of a primary stroke who have not had previous long-
term red cell transfusions; Summary of findings 2 Long-term
red cell transfusion versus no transfusion in people who are at
risk of a primary stroke who have had previous long-term red
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cell transfusions; Summary of findings 3 Long-term red cell
transfusion versus hydroxyurea and phlebotomy in people who
are at risk of a primary stroke who have had previous long-term
red cell transfusions; Summary of findings 4 Long-term red cell
transfusion versus hydroxyurea and phlebotomy in people who are
at risk of a secondary stroke who have had previous long-term red
cell transfusions

Red cell transfusion versus standard care

Three trials evaluated this comparison (SIT 2014; STOP 1998; STOP
2 2005), all trials assessed the primary prevention of stroke.

Two trials included children who were at higher risk of a primary
stroke who had not had previous long-term red cell transfusions to
prevent stroke (SIT 2014; STOP 1998). Children in the SIT trial had
evidence of previous silent cerebral infarcts on MRI but normal or
conditional TCD velocities (SIT 2014). Children in the STOP trial had
abnormal TCD velocities and 35% of these children also had SCIs
on MRI (STOP 1998).

One trial included children and adolescents who were at higher
risk of a primary stroke (previous history of abnormal TCD
velocities) who had previous long-term red cell transfusions (at
least 30 months) to prevent stroke (STOP 2 2005). The majority of
participants in the STOP 2 trial had also participated in the earlier
STOP trial, participants were included if their TCD velocities had
normalised (STOP 1998; STOP 2 2005).

Throughout this review results from the two trials in which
participants had not been transfused were not combined with the
results from the trial when participants had received previous long-
term transfusions.

Primary outcomes

1. Incidence of clinical stroke (any type)

No previous long-term red cell transfusion

Long-term red cell transfusions probably reduce the incidence of
clinical stroke in children with a higher risk of stroke (abnormal
TCD velocities or previous history of SCIs), compared to children
receiving standard care, RR 0.12 (95% CI 0.03 to 0.49) (two trials, 326
participants, moderate quality evidence) (Analysis 1.1; Summary of
findings for the main comparison).

Previous long-term red cell transfusion

We are very uncertain whether continuing long-term red cell
transfusions reduces the incidence of clinical stroke in children
and adolescents whose TCD velocities have normalised, compared
to those receiving standard care, RR 0.22 (95% CI 0.01 to 4.35)
(one trial, 79 participants, very low quality evidence) (Analysis 1.1;
Summary of findings 2).

TCD velocity subgroup analysis

Normal TCD velocities - we very uncertain whether red blood cell
transfusions reduce the incidence of clinical stroke in children with
normal TCD velocities compared to children receiving standard
care, RR 0.14 (95% CI 0.02 to 1.12) (one trial, 196 participants, very
low quality evidence) (Analysis 1.2). Quality of the evidence was
very low due to imprecision of the eFect estimate and indirectness
(findings only apply to children with HbSS).

Normalised TCD velocities - we are very uncertain whether
continuing long-term red cell transfusions reduces the incidence of
stroke in children and adolescents with normalised TCD velocities
compared to children and adolescents receiving standard care, RR
0.22 (95% CI 0.01 to 4.35) (one trial, 79 participants, very low quality
evidence) (Analysis 1.2). Quality of the evidence was very low due
to imprecision of the eFect estimate; risk of bias; and indirectness
(findings only apply to children with HbSS).

Abnormal TCD velocities - red cell transfusions may reduce the
incidence of clinical stroke in children with abnormal TCD velocities
compared to children receiving standard care, RR 0.10 (95% CI 0.01
to 0.73) (one trial, 130 participants, low quality evidence) (Analysis
1.2). Quality of the evidence was low due to risk of bias (imbalance
in follow-up between treatment arms and imbalance in number
of participants with alpha thalassaemia trait between treatment
arms) and indirectness (findings only apply to children with HbSS).

Since the STOP trial was terminated early due to safety concerns,
the groups had diFerent periods of follow-up, a total of 1229
months in the standard care group, and 1321 in the transfusion
group (STOP 1998). The trial authors reported that the rate of stroke
per person year of follow-up was 0.107 in the standard care group,
and 0.009 in the transfusion group. Although in the transfusion
group the target HbS percentage of 30% was occasionally not met,
none of these participants had a stroke.

There was no evidence of subgroup diFerences (test for subgroup
diFerences: Chi2 = 0.20, df = 2 (P = 0.91), I2 = 0%).

Presence or absence of SCI on MRI subgroup analysis

Previous lesions (SCIs) on MRI: long-term red cell transfusions may
reduce the incidence of clinical stroke in children with previous SCIs
on MRI compared to children receiving standard care, RR 0.11 (95%
CI 0.02 to 0.59) (two trials, 243 participants, low quality evidence)
(Analysis 1.3). Quality of the evidence was low due to risk of bias
(this analysis includes data from a cohort subset who had an MRI in
the STOP trial (STOP 1998)) and indirectness (findings only apply to
children with HbSS).

No previous lesions (SCIs) on MRI: we are very uncertain whether
red cell transfusions reduce the incidence of stroke in children with
no previous SCIs on MRI compared to children receiving standard
care, RR 0.27 (95% CI 0.03 to 2.31) (one trial, 79 participants, very
low quality evidence) (Analysis 1.3). Quality of the evidence was
very low due to: risk of bias (this analysis is derived from data from
a cohort subset who had an MRI in the STOP trial (STOP 1998));
imprecision of the eFect estimate; and indirectness (findings only
apply to children with HbSS).

There was no evidence of subgroup diFerences (test for subgroup
diFerences: Chi2 = 0.41, df = 1 (P = 0.52), I2 = 0%).

2. Mortality

No previous long-term red cell transfusion

No participants died in the SIT and STOP trials (two trials, 326
participants), therefore we have no evidence of any diFerence
in mortality rates between the treatments (very low-quality
evidence) (SIT 2014; STOP 1998; Summary of findings for the main
comparison)
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Previous long-term red cell transfusion

We are very uncertain whether continuing long-term red cell
transfusions reduces mortality in children and adolescents
compared to children and adolescents receiving standard care,
Peto OR 8.00 (95% CI 0.16 to 404.12) (one trial, 79 participants, very
low quality evidence) (Analysis 1.4; Summary of findings 2). One
participant who was assigned to continue transfusion, died in the
STOP 2 trial due to complications of ACS (STOP 2 2005).

We did not perform any subgroup analyses for this outcome
because deaths occurred in only one trial (STOP 2 2005).

3. Transfusion related complications

Alloimmunisation

Three trials reported this outcome (SIT 2014; STOP 1998; STOP 2
2005).

No previous long-term red cell transfusion

From data on transfused participants in the SIT trial, we are
very uncertain whether children receiving regular long-term
transfusions have a higher risk for developing alloimmunisations
compared to children receiving standard care, RR 3.16 (95% CI 0.18
to 57.17) (one trial, 121 participants, very low quality evidence) (SIT
2014) (Analysis 1.5; Summary of findings for the main comparison).

In the STOP trial, 10 participants in the transfusion arm developed
an alloimmunisation, despite a more rigorous matching protocol
than usual (STOP 1998). It was not reported if any participants in
the standard care developed any alloimmunisations.

Previous long-term red cell transfusion

In the STOP 2 trial, one participant who was in the continuing
transfusion arm developed an alloimmunisation (STOP 2 2005). It
was not reported if any participants in the halted transfusion arm
developed any alloimmunisations.

Infection from blood component

Two trials reported this outcome (STOP 1998; STOP 2 2005).

No previous long-term red cell transfusion

In the STOP trial, no participant developed evidence of hepatitis C
infection, and all 100 children who were tested were negative for
antibodies against HIV and HTLV-I (STOP 1998).

Previous long-term red cell transfusion

In the STOP 2 trial, no cases of hepatitis C were identified among
the 68 participants who had serologic testing at the end of the trial
(STOP 2 2005).

Procedural complications

One trial reported this outcome and in this trial, three participants
in the transfusion arm had procedural complications (SIT
2014). A catheter infection developed in one participants, and
complications requiring catheter replacement developed in two
participants.

Transfusion reactions

Three trials reported this outcome (SIT 2014; STOP 1998; STOP 2
2005).

No previous long-term red cell transfusion

From data from transfused participants in the SIT trial, we
are very uncertain whether children receiving regular long-term
transfusions have a higher risk of developing a transfusion reaction
than children not receiving regular transfusions, RR 5.17 (95% CI
0.71 to 37.52) (one trial, 121 participants, very low quality evidence)
(SIT 2014) (Analysis 1.5). Quality of the evidence was very low due
to imprecision of the eFect estimate and indirectness (findings only
apply to children with HbSS).

In the STOP trial, 12 participants in the transfusion arm had 16 mild
reactions to blood products or transfusion procedures (STOP 1998).
This was not reported for the standard treatment arm.

Previous long-term red cell transfusion

In the STOP 2 trial, seven participants in the continuing transfusion
arm had nine reactions to transfusions (STOP 2 2005). One of the
reactions was serious and required hospitalisation. This was not
reported for the halted transfusion arm.

Reduced immunocompetence

None of the trials reported this outcome.

Iron overload

No previous long-term red cell transfusion

In the SIT trial, the trial authors reported that there was an
increased risk of iron overload (measured by serum ferritin
greater than 1500 μg/L) in children receiving long-term red cell
transfusions, incidence rate ratio, 14.42 (95% CI 5.41 to 875.17) (one
trial, 121 participants) - this analysis was reported in the SIT trial
(SIT 2014) (Table 1).

In the STOP trial, iron overload developed faster than anticipated in
children receiving transfusion, with mean (SD) serum ferritin rising
to 1804 (773) μg/L at 12 months and 2509 (974) μg/L at 24 months
(Adams 1998b; STOP 1998). This outcome was not reported in the
children receiving standard care who had transfusions.

Previous long-term red cell transfusion

In the STOP 2 trial, mean (SD) baseline serum ferritin levels were
similar in both treatment arms (continued transfusion group 3274
(1718) μg/L; halted transfusion group mean 3005 (1504) μg/L)
(STOP 2 2005). The mean (SD) serum ferritin levels decreased in the
halted transfusion group aTer 12 months (continued transfusion
group 3562 (1536) μg/L; halted transfusion group mean (SD) 1832
(912) μg/L). According to an analysis performed by the trial authors
this diFerence was statistically significant (P = 0.002) (STOP 2 2005).

Secondary outcomes

1. Incidence of transient ischaemic attack (TIA)

No previous long-term red cell transfusion

Two trials recruiting 323 participants reported this outcome;
however, in one trial recruiting 127 participants (STOP 1998), no
TIAs occurred in either treatment group so this trial does not
contribute to the analysis in this review. In children with SCI we
are very uncertain whether long-term red cell transfusions reduce
the incidence of TIAs, compared to children receiving standard
care, Peto OR 0.13 (95% CI 0.01 to 2.11) (very low quality evidence)
(Analysis 1.6; Summary of findings for the main comparison).
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Previous long-term red cell transfusion

One TIA was reported in one participant in the halted transfusion
arm in the STOP 2 trial (STOP 2 2005). It was not reported if there
were any TIAs in the group who continued transfusions.

2. Measures of neurological impairment

Two trials reported this outcome, in both trials participants had not
had previous long-term red cell transfusions (SIT 2014; STOP 1998).

In the STOP trial, at the time of discharge, of the 11 children in
the standard care group diagnosed with cerebral infarction, two
had a major disability, five had mild to moderate disability, two
had symptoms but no disability and one was asymptomatic (STOP
1998). Measures of neurological impairment in other participants
were not reported in this trial.

The SIT trial reported the diFerence between trial arms in the
Weschler Abbreviated Scale of Intelligence (WASI) in performance,
verbal, and full IQ scores (data from baseline to interim and to exit
visits were analysed by the trial authors who reported estimated
least squares means (LSM) and standard error (SE) based on two-
way repeated measures analysis of variance) (SIT 2014).

The SIT trial authors reported that long-term red cell transfusion
may make little or no diFerence to WASI performance, verbal or
full IQ scores in children with SCIs compared to children receiving
standard care (LSM: 1.7, SE 95% CI -1.1 to 4.4) (one trial, 166
participants, low quality evidence) (SIT 2014; Summary of findings
for the main comparison).

3. Incidence of other sickle cell complications

Acute chest syndrome

Children with no previous long-term red cell transfusion

Long-term red cell transfusions may reduce the incidence of
ACS in children compared to children receiving standard care,
RR 0.24 (95% CI 0.12 to 0.48) (two trials, 326 participants, low
quality evidence) (Analysis 1.7; Summary of findings for the main
comparison).

Children with previous long-term red cell transfusion

In the STOP 2 trial, the authors state that there were fewer
incidences of ACS in participants continuing transfusions (STOP 2
2005). In the halted transfusion group, 18 of 41 participants had at
least one episode of ACS. Comparative numbers for the transfusion
group were not reported.

Painful crisis

No previous long-term red cell transfusion

Long-term red cell transfusions may reduce the incidence of painful
crisis in children compared to children receiving standard care, RR
0.62 (95% CI 0.46 to 0.84), two trials, 326 participants (Analysis 1.7).
Quality of the evidence was low due to risk of bias and indirectness
(findings only apply to children with HbSS).

Previous long-term red cell transfusion

In the STOP 2 trial, the authors state that there were fewer
painful crises in the continuing transfusion arm (STOP 2 2005).
Comparative numbers were not reported.

Splenic sequestration

No trials looked at this outcome.

Other sickle cell-related complications

One trial reported other sickle cell-related complications (SIT 2014)
(Table 2 and Analysis 1.7). In this trial participants had not had
previous long-term red cell transfusions.

4. Quality of life, inpatient stay, immobility and disability

Quality of life

One trial reported this outcome (SIT 2014). The trial reported
quality of life measured on the Child Health Questionnaire Parent
Form 50 (CHQ_PF50) completed at baseline and at the occurrence
of an overt stroke or at trial exit at 36 months. It is not known what
the minimal clinically important diFerences are for the CHQ_PF50.

The SIT trial authors stated that quality of life may improve slightly
in children receiving long-term red cell transfusions compared to
children receiving standard care, (diFerence estimate -0.54, 95%
CI -0.92 to -0.17) (one trial, 196 participants, low quality evidence;
analysis performed by the SIT trial authors) (SIT 2014; Summary of
findings for the main comparison).

Inpatient stay

No trials looked at this outcome.

Immobility and disability

The STOP trial noted that aTer 24 months of transfusion, children
receiving transfusion had improved growth (height, weight and
body mass index (BMI)) which approached normal, whereas there
was no improvement in growth rate in children receiving standard
care (STOP 1998; Wang 2005).

5. Measures of organ damage

No trials looked at this outcome.

6. Haemoglobin level and haemoglobin S percentage (mean,
pre- and post-transfusion and at time of the event)

Haemoglobin level

One of the trials reported the mean haemoglobin at six months aTer
randomisation (STOP 2 2005). The mean haemoglobin was higher
in the group that continued red cell transfusions (Table 3).

None of the trials reported the haemoglobin level pre-transfusion,
post-transfusion or at the time of the event.

Haemoglobin S level

One of the trials reported the mean haemoglobin S level at six
months aTer randomisation in both trial arms (STOP 2 2005). The
mean Hb S levels were lower in the group that continued red cell
transfusions (Table 3).

Two trials reported the number of pre-transfusion HbS level
measurements that were above the target HbS level of 30% (STOP
1998; STOP 2 2005). Only a small number of transfusions had a HbS
level above the target threshold (Table 4).

None of the trials reported the haemoglobin S level post transfusion
or at the time of the event.
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Hydroxyurea and phlebotomy versus transfusions and
chelation

Two trials are included in this comparison (254 participants)
(TWiTCH 2016; SWiTCH 2012). One trial assessed primary
prevention of stroke (TWiTCH 2016) and one trial assessed
secondary prevention of stroke (SWiTCH 2012)

Throughout this review results from the two trials assessing
primary prevention and secondary prevention will not be
combined.

Primary outcomes

1. Incidence of clinical stroke

Primary prevention

No clinical strokes occurred in the TWiTCH trial (TWiTCH 2016);
Summary of findings 3

In the TWiTCH trial, general stroke adjudications were done for
29 possible new neurological events and no child had a positive
adjudication for stroke (TWiTCH 2016).

Secondary prevention

We are very uncertain whether switching to hydroxyurea and
phlebotomy increase the risk of stroke compared to red cell
transfusions and chelation in children and adolescents with a
history of stroke, RR 14.78 (95% CI 0.86 to 253.66) (one trial, 133
participants, very low quality evidence) (Analysis 2.1; Summary of
findings 4).

Seven participants, all in the hydroxyurea and phlebotomy group,
experienced a stroke and all had baseline MRA exams which showed
severe vasculopathy, including two with moya-moya. There were
more participants with moya-moya in the hydroxyurea arm (11
participants) compared to the transfusion arm (five participants),
the number of participants with severe vasculopathy in both
treatment arms was not reported.

2. Mortality

Primary prevention

No deaths occurred in the TWiTCH trial (TWiTCH 2016); Summary
of findings 3

Secondary prevention

We are very uncertain whether switching to hydroxyurea and
phlebotomy reduces mortality compared to red cell transfusions
and chelation in children and adolescents with a history of stroke,
Peto OR 0.98 (95% CI 0.06 to 15.92) (one trial,133 participants, very
low quality evidence) (Analysis 2.2; Summary of findings 4).

3. Transfusion related complications

Alloimunisation

None of the trials reported this outcome.

Infection from blood component

None of the trials reported this outcome.

Procedural complications

None of the trials reported this outcome.

Transfusion reactions

None of the trials reported this outcome.

Reduced immunocompetence

None of the trials reported this outcome.

Iron overload

Primary prevention

Switching to hydroxyurea and phlebotomy may reduce serum
ferritin levels compared to continuing to receive red cell
transfusions and chelation in children who have a previous history
of abnormal TCD velocities and at least 12 months of transfusions,
MD -1398.00 μg/L (95% CI -1929.23 to -866.77) (one trial, 121
participants, low quality evidence) (Analysis 2.3). Quality of the
evidence was low due to risk of bias and indirectness.

Switching to hydroxyurea and phlebotomy may have little or no
eFect on liver iron concentrations compared to continuing to
receive red cell transfusions and chelation in children who have a
previous history of abnormal TCD velocities and at least 12 months
of transfusions, MD -1.80 mg Fe/g dry weight liver (95% CI -5.16 to
1.56) (one trial, 121 participants, low quality evidence) (Analysis 2.4;
Summary of findings 3).

Secondary prevention

Switching to hydroxyurea and phlebotomy may reduce serum
ferritin levels compared to continuing to receive red cell
transfusions and chelation in children and adolescents with a
history of stroke (at the final assessment, median serum ferritin was
1994 μg/L, interquartile range (IQR) 998 to 3475, in the hydroxyurea
arm and 4064 μg/L, IQR 2330 to 7126, in the transfusion arm; one
trial, 133 participants; P < 0.001 analysis performed by the trial
authors) (SWiTCH 2012). Quality of the evidence was low due to risk
of bias and indirectness.

Switching to hydroxyurea and phlebotomy may have little or
no eFect on liver iron concentrations compared to continuing
to receive red cell transfusions and chelation in children and
adolescents with a history of stroke (at the final assessment,
median liver iron concentration was 17.3 mg Fe/g dry weight iron,
IQR 10.0 to 30.6 in the hydroxyurea arm and 17.3 mg Fe/g dry
weight iron, IQR 8.8 to 30.7 in the transfusion arm (one trial,133
participants, low quality evidence, P = 0.79 analysis performed by
the trial authors) (SWiTCH 2012; Summary of findings 4).

Secondary outcomes

1. Incidence of TIA

Primary prevention

We are very uncertain whether switching to hydroxyurea and
phlebotomy has any eFect on the incidence of TIA compared to
continuing to receive red cell transfusions and chelation in children
who have a previous history of abnormal TCD velocities and at least
12 months of transfusions, RR 1.02 (95% CI 0.21 to 4.84) (one trial,
121 participants, very low quality evidence) (Analysis 2.5; Summary
of findings 3).

Secondary prevention

We are very uncertain whether switching to hydroxyurea and
phlebotomy has any eFect on the incidence of TIA compared to
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continuing to receive red cell transfusions and chelation in children
and adolescents who have a previous history of stroke, RR 0.66
(95% CI 0.25 to 1.74) (one trial, 133 participants, very low quality
evidence) (Analysis 2.5; Summary of findings 4).

2. Measures of neurological impairment

Primary prevention

Neurological status is not yet reported in the TWiTCH trial (TWiTCH
2016).

Secondary prevention

Measures of neurological function are not reported in the SWiTCH
trial (SWiTCH 2012).

3. Incidence of other sickle cell complications

Total SCD-related serious adverse events

The SWiTCH trial reported the number of non-neurological SCD-
related adverse events (SWiTCH 2012).

Secondary prevention

Switching to hydroxyurea and phlebotomy may increase the risk
of SCD-related serious adverse events compared to continuing
to receive red cell transfusions and chelation in children and
adolescents with a history of stroke, RR 3.10 (95% CI 1.42 to 6.75)
(one trial, 133 participants, low quality evidence) (Analysis 2.6).
Quality of the evidence was low due to risk of bias and indirectness.

Acute chest syndrome (ACS)

Primary prevention

We are very uncertain whether switching to hydroxyurea and
phlebotomy has any eFect on the risk of ACS compared to
continuing to receive red cell transfusions and chelation in children
who have a previous history of abnormal TCD velocities and at least
12 months of transfusions, RR 2.03 (95% CI 0.39 to 10.69) (one trial,
121 participants, very low quality evidence) (Analysis 2.6; Summary
of findings 3).

Secondary prevention

We are very uncertain whether switching to hydroxyurea and
phlebotomy has any eFect on the risk of ACS compared to
continuing to receive red cell transfusions and chelation in children
and adolescents who have a previous history of stroke, RR 0.33
(95% CI 0.04 to 3.08) (one trial, 133 participants, very low quality
evidence) (Analysis 2.6; Summary of findings 4).

Painful crisis

Primary prevention

We are very uncertain whether switching to hydroxyurea and
phlebotomy has any eFect on the risk of painful crisis compared to
continuing to receive red cell transfusions and chelation in children
who have a previous history of abnormal TCD velocities and at
least 12 months of transfusions, RR 5.08 (95% CI 0.61 to 42.23)
(one trial, 121 participants, very low quality evidence) (Analysis 2.6).
Quality of the evidence was very low due to imprecision of the eFect
estimate, risk of bias, and indirectness.

Secondary prevention

Switching to hydroxyurea and phlebotomy may increase the
risk of painful crisis compared to continuing to receive red cell
transfusions and chelation in children and adolescents who have a
previous history of stroke, RR 3.15 (95% CI 1.23 to 8.11), one trial,
133 participants, low quality evidence (Analysis 2.6). Quality of the
evidence was low due to risk of bias, and indirectness.

Splenic sequestration

Secondary prevention

No cases of splenic sequestration occurred in the SWiTCH trial
(SWiTCH 2012).

4. Quality of life, inpatient stay, immobility and disability

Quality of life has not yet been reported in either trial.

5. Measures of organ damage

Not reported in either trial.

6. Haemoglobin level and haemoglobin S percentage (mean, pre
and post transfusion and at time of the event)

Haemoglobin level

Primary prevention

Switching to hydroxyurea and phlebotomy may have little or no
eFect on haemoglobin levels compared to continuing to receive
red cell transfusions and chelation in children who have a previous
history of abnormal TCD velocities and at least 12 months of
transfusions, MD -1.00 g/L (95% CI -4.29 to 2.29) (one trial, 121
participants, low-quality evidence) (Analysis 2.7). Quality of the
evidence was low due to imprecision, and indirectness.

Secondary prevention

Switching to hydroxyurea and phlebotomy may have little or no
eFect on haemoglobin levels compared to continuing to receive red
cell transfusions and chelation in children and adolescents with a
history of stroke (at the final assessment median Hb level was 90 g/
L, IQR 84 to 96 for the hydroxyurea arm and 90 g/L, IQR 87 to 96 for
the transfusion arm) (one trial, 133 participants, P = 0.93 analysis
performed by the trial authors) (SWiTCH 2012).

None of the trials reported the haemoglobin level pre-transfusion,
post-transfusion or at the time of the event.

Haemoglobin S level

Primary prevention

As expected, switching to hydroxyurea and phlebotomy increased
the haemoglobin S levels compared to continuing to receive red cell
transfusions and chelation in children who have a previous history
of abnormal TCD velocities and at least 12 months of transfusions,
MD 43.10% (95% CI 39.59 to 46.61) (one trial, 121 participants)
(Analysis 2.8).

Secondary prevention

As expected, switching to hydroxyurea and phlebotomy increased
the haemoglobin S levels compared to continuing to receive red
cell transfusions and chelation in children and adolescents with a
history of stroke (At the final assessment median Hb S level was
64.1%, IQR 52.6 to 76.4 for the hydroxyurea arm and 32.3%, IQR 25.0
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to 38.3 for the transfusion arm (one trial, 133 participants, P < 0.001
analysis performed by the trial authors) (SWiTCH 2012).

None of the trials reported the haemoglobin S level pre transfusion,
post transfusion or at the time of the event.

D I S C U S S I O N

Summary of main results

Stroke is a potentially devastating event which aFects up to 10%
of children with sickle cell anaemia. Recurrences are common aTer
the first stroke, and result in progressively more severe neurological
dysfunction. The use of transcranial Doppler (TCD) screening has
made it possible to identify a subset of children who are at higher
risk for primary stroke (Adams 1992).

This Cochrane Review aimed to evaluate the literature on the
eFectiveness and safety of red cell transfusions for primary and
secondary prevention of stroke.

We identified five randomised controlled trials that met our
inclusion criteria and included a total of 660 participants. The trials
were published between 1998 and 2016. Three trials compared
red cell transfusions to standard care and two trials compared
hydroxyurea with phlebotomy to red cell transfusions with
chelation. The majority of participants had HbSS sickle cell disease
(SCD), all trials included children and two trials also included
adolescents. Four trials were for primary stroke prevention and
one trial dealt with secondary stroke prevention. No trials included
adults for primary or secondary prevention of stroke.

Red cell transfusions versus standard care

Primary prevention

Three randomised trials compared red cell transfusions to standard
care for primary prevention of stroke. Two of these trials
included children with no previous long-term transfusions; one
of these included children with abnormal TCD velocities, and the
other included children with silent cerebral infarcts on magnetic
resonance imaging (MRI) but normal TCD velocities. The third
trial included children and adolescents on long-term transfusion
whose TCD velocities had normalised. Two of the three trials were
terminated early due to safety concerns.

The findings of the review led to the following main conclusions
regarding red cell transfusions versus standard care.

Children with no previous long-term red cell transfusions

• Long-term transfusions probably reduce the incidence of clinical
stroke in children with a higher risk of stroke (abnormal TCD
velocities or previous history of silent cerebral infarctions
(SCIs)).

• Long-term transfusions may: reduce the incidence of other SCD-
related complications (acute chest syndrome (ACS) and painful
crisis); make little or no diFerence to IQ scores in children with
SCIs; and may increase quality of life.

• We are very uncertain whether long-term transfusions: reduce
all-cause mortality (no deaths in either trial); reduce the risk of
TIAs; or increase the risk for developing alloimmunisation.

Children and adolescents with previous long-term red cell
transfusions and normalised TCD velocities

• We are very uncertain whether continuing red cell transfusions
reduces the incidence of clinical stroke or all-cause mortality.

Several review outcomes were only reported in one of the trial arms
(SCD-related complications, alloimmunisation, incidence of TIAs),
and the trial did not report neurological impairment or quality of
life.

Hydroxyurea and phlebotomy versus red cell transfusions and
chelation

Primary prevention in children

• There were no deaths or clinical strokes in either arm of the trial

• Switching to hydroxyurea and phlebotomy may have little or no
eFect on liver iron concentrations, but may reduce serum ferritin
levels.

• We are very uncertain whether switching to hydroxyurea and
phlebotomy has any eFect on the incidence of TIA, or the risk of
other SCD-related complications (ACS or painful crisis)

Secondary prevention in children and adolescents

• Switching to hydroxyurea and phlebotomy may increase the risk
of SCD-related serious adverse events

• Switching to hydroxyurea and phlebotomy may have little or no
eFect on liver iron concentrations, but may reduce serum ferritin
levels.

• We are very uncertain whether switching to hydroxyurea and
phlebotomy increases the risk of stroke.

• We are very uncertain whether switching to hydroxyurea and
phlebotomy has any eFect on: all-cause mortality, or the risk of
a TIA.

Neither trial reported on neurological impairment,
alloimmunisation, or quality of life.

Overall completeness and applicability of evidence

This review provides the most up-to-date assessment of the
eFectiveness and safety of red cell transfusions for the prevention
of primary and secondary stroke. In this 2016 updated review we
include two new trials and we have not identified any ongoing
trials.

The results of this review can only be interpreted in consideration
of the following factors.

• The findings in this review can only be generalised to children
with HbSS disease. Two trials also included adolescents (STOP
2 2005; SWiTCH 2012).

• Only one of the trials assessed secondary prevention of stroke
(SWiTCH 2012).

• All of the trials were conducted in high-income countries (USA,
Canada, France and the UK). The potential risks associated
with transfusion therapy are increased in low-income countries
due to a lack of trained staF, modern equipment, sanitary
conditions and clean, infection-free blood products (Ansong
2013; Ohene-Frempong 1999). Therefore, the risk-benefit ratio
will be diFerent in low-income countries to those in the included
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trials, and the results discussed in this review may not be
generalisable to that setting.

• Co-inheritance of alpha thalassaemia may reduce the frequency
of complications in individuals with HbSS (Rumaney 2014;
Steinberg 2012). Only one trial reported co-existence of alpha
thalassaemia (STOP 1998). In the Stop trial, alpha thalassaemia
(at least one alpha globin gene missing) occurred in 22% in the
transfusion arm and 9% in the standard treatment arm (STOP
1998).

• The chances of having a stroke must be weighed carefully
against the burden of regular blood transfusion. In the STOP
trial, of the 192 children eligible to take part in the trial, 52
declined to undergo randomisation due to either reluctance of
the child or their parents, or due to concern of the physician
about compliance with the regimen (STOP 1998). In the SIT
trial, of the 99 randomised to transfusion, 15 crossed over to
observation, nine of which declined transfusion immediately
aTer randomisation (SIT 2014). These figures may illustrate a
relatively poor level of acceptance of this therapy.

• The trials did not answer the question of how long red cell
transfusion needs to be continued in this population, once
commenced. The STOP 2 trial attempted to determine a
safe age, or period, for discontinuation of chronic transfusion
therapy for primary stroke prevention (STOP 2 2005). However,
because of the high proportion (39%) of participants who
reverted to abnormal TCD high stroke risk or had a stroke aTer
transfusion was ceased, the trial was terminated two years
early with the implication that transfusion therapy should be
continued indefinitely in indicated participants. Although eight
participants (20%) of those who discontinued transfusion had
no abnormal TCD over 25 months of observation, there is
currently no way of predicting which individuals will require
continuance of transfusion and which will not. Extended follow-
up analysis of the STOP trial also failed to identify predictors for
lower-risk groups (Lee 2006).

• The optimal level of sensitivity and specificity for TCD screening
remains unclear. The STOP trial included high-risk children
with abnormal TCD velocities, the rate of stroke in the
standard care group was approximately 10% per year (STOP
1998). The number of participants needed to treat (NNT) was
approximately 11 participants per year to prevent one stroke.
In a lower risk group this NNT would be higher. However, if
the specificity of the screening, or the 'cut-oF point' for a
high-risk classification, was increased, only the very highest
risk children would be treated and children at risk of stroke
may be missed. It must therefore be judged at what level of
risk it is justifiable to enrol a child to a potentially life-long
regimen of transfusion. Despite these barriers, the routine use
of TCD screening and appropriate prophylactic transfusion has
greatly lowered the risk of stroke in people who are managed
in contemporary sickle cell programmes (Enninful-Eghan 2010;
Fullerton 2004; McCarville 2008; Telfer 2007). At present, the
majority of transfusions provided by large sickle cell centres
are for the provision of primary rather than secondary stroke
prevention.

• Four of the five trials were stopped early. The STOP trial was
terminated 16 months before the planned end date because of
the high rate of stroke in the standard care arm (STOP 1998).
The STOP 2 trial was terminated early over safety concerns
because high-risk TCD results developed in 14 participants and
two participants had a stroke in the transfusion halted arm

(STOP 2 2005). The SWiTCH trial was stopped early due to futility
when hydroxyurea and phlebotomy showed no advantage in
iron removal compared with long-term transfusion and iron
chelation (SWiTCH 2012). The TWiTCH trial was stopped early
because aTer the first interim analysis, when 33% of participants
had completed the trial, non-inferiority was found, and non-
inferiority was confirmed again aTer 50% of participants had
exited the trial (TWiTCH 2016).

• Children with severe vasculopathy were excluded from the
TWiTCH trial, and only individuals with severe vasculopathy had
a stroke in the SWiTCH trial (SWiTCH 2012; TWiTCH 2016). So
individuals with severe vasculopathy may not be candidates
for hydroxyurea. As well, it is not known if the eFectiveness of
hydroxyurea with phlebotomy is sustained over the long term.

• In the SIT trial there was a 20% cross-over rate to either
transfusion or hydroxyurea therapy due to increasing disease
severity in children receiving standard care (SIT 2014). Six per
cent of children receiving standard care crossed over to regular
monthly transfusions and 14% began receiving hydroxyurea
treatment. We do not know how this may have influenced
outcomes over the long term, but this increases uncertainty as to
the eFicacy of standard care compared to transfusions in these
children.

Quality of the evidence

Overall the quality of the evidence was rated moderate to very
low across diFerent outcomes according to GRADE methodology
(Summary of findings for the main comparison; Summary of
findings 2; Summary of findings 3; Summary of findings 4). This
was due to trials being at serious risk of bias; outcome estimates
being imprecise (wide confidence intervals); and a serious risk
of indirectness (no direct evidence for adults or children without
HbSS) since the trials only included children and adolescents
primarily with HbSS disease. The HbSS and HbSβº thalassaemia
genotypes included within the trials account for approximately
70% of people with SCD. Individuals with these genotypes have a
higher prevalence of stroke that presents earlier than individuals
with HbSC and other milder forms of SCD. Nevertheless, the
participant inclusion criteria for this review is broad and although
the prevalence of stroke is estimated to be rare in children with
milder forms of SCD a recent trial in a cohort of 96 children
with HbSC disease, estimated the prevalence for SCIs to be
13.5% (Guilliams 2015). The outcome for clinical stroke in primary
prevention in children with no previous long-term transfusions and
at higher risk of stroke (abnormal TCD velocities and presence of
SCIs) was the only outcome rated as moderate quality evidence.

Red cell transfusions versus standard care

No previous long-term red cell transfusions

We considered one outcome, clinical stroke in children with higher
risk of stroke (abnormal TCD velocities and SCIs), as moderate
quality evidence due to indirectness.

We considered three outcomes as low quality evidence due to
serious risk of bias and indirectness. These were:

• SCD-related adverse events (acute chest syndrome and painful
crises);

• neurological impairment (IQ);

• quality of life.
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We considered three outcomes to be very low quality evidence due
to serious risk of bias, indirectness and imprecision. These were:

• all-cause mortality;

• TIAs;

• transfusion-related adverse events (alloimmunisation).

Previous long-term red cell transfusions

We considered two outcomes as very low quality evidence due to
serious risk of bias, indirectness and imprecision. These were:

• clinical stroke;

• all-cause mortality.

Several review outcomes were only reported in one of the trial arms
(SCD-related complications, alloimmunisation, incidence of TIAs).

The trial did not report neurological impairment or quality of life.

Hydroxyurea and phlebotomy versus red cell transfusions and
iron chelation

Primary prevention

We considered one outcome (transfusion-related adverse events -
iron overload) as low quality evidence due to serious risk of bias and
indirectness

We considered four outcomes as very low quality evidence due to
serious risk of bias, indirectness and imprecision. These were:

• clinical stroke;

• all-cause mortality;

• TIAs;

• SCD-related adverse events (ACS, painful crises).

The trial did not report neurological impairment or quality of life.

Secondary prevention

We considered one outcome as low quality evidence (transfusion-
related adverse events - iron overload) as low quality evidence due
to serious risk of bias and indirectness.

We considered four outcomes to be very low quality evidence due
to serious risk of bias, indirectness, and imprecision. These were:

• clinical stroke;

• all-cause mortality;

• TIAs;

• SCD-related adverse events.

The trial did not report neurological impairment or quality of life.

Potential biases in the review process

To our knowledge, our review process is free from bias. We
conducted a comprehensive search; searching data sources
(including multiple databases, and clinical trial registries) to
ensure that all relevant trials would be captured. There were no
restrictions for the language in which the paper was originally
published. The relevance of each paper was carefully assessed and
all screening and data extractions were performed in duplicate.
We pre-specified all outcomes and subgroups prior to analysis.

There were insuFicient numbers of included trials within the
meta-analyses for us to use a funnel plot to examine the risk of
publication bias.

Agreements and disagreements with other studies or
reviews

With regard to the conclusions of the STOP and STOP 2
trials, multiple reports have supported the eFicacy of chronic
transfusion in preventing primary stroke in those at high risk
based on abnormal TCD velocities (Enninful-Eghan 2010; Fullerton
2004; McCarville 2008); this has become standard of care
practice in almost all sickle cell centres and has led to more
subjects being transfused for primary than for secondary stroke
prevention in those centres. The findings of the SWiTCH trial
were somewhat unexpected because of previously published
smaller single institution studies which suggested greater eFicacy
from phlebotomy in reducing iron overload and not as great a
degree of protection from chronic transfusion in secondary stroke
prophylaxis (SWiTCH 2012).

Several observational studies for secondary stroke prevention
have also attempted to define whether transfusion may be safely
stopped. One review suggested that transfusion may be safely
stopped at age 18 years (Powars 2000), and no recurrences occurred
in a small series of seven adults with SCD followed up for three
years to 18 years (Rana 1997). However, a study of 10 participants
who discontinued transfusion aTer one to two years showed a
70% recurrence rate aTer only 11 months (Wilimas 1980). In a
subsequent study, five out of 10 people with SCD who had been
receiving regular transfusions for five to 12 years experienced
an ischaemic event in the 12-month period aTer transfusions
were stopped (Wang 1991). These findings suggest that the risk
of secondary stroke may be almost as high aTer discontinuing
transfusion therapy 'prematurely' as before starting it. Evaluation
of risk factors related to the initial stroke might be an important
consideration in the design of any further studies. For example, in a
retrospective analysis of 137 stroke participants, those who had an
identified medical or concurrent event associated with their initial
stroke did not have a recurrent stroke two or more years aTer the
initial event (Scothorn 2002).

This systematic review noted a lack of prospective randomised
controlled trials of blood transfusion for prevention of secondary
stroke (following an initial stroke) in SCD. However, the practice
of long-term transfusion therapy is supported by evidence from
several observational studies (Sarnaik 1979; Styles 1994). It was
demonstrated in a small study of 15 participants that a target
HbS level of 30% to 50% retains a high protective value against
stroke, but reduces transfusion requirements and the associated
risks (Cohen 1992). However, in a study which observed 60 persons
with SCD for 192 person years, HbS was greater than 30% in seven of
the 16 reported transient ischaemic events and five of six recurrent
infarctions (Pegelow 1995). A recent survey has indicated that an
acceptable "community standard" level of pre-transfusion HbS is
less than 45% rather than less than 30% (Aygun 2009).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

In children with no previous long-term transfusions, red cell
transfusions probably reduce the risk of stroke and may confer
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some additional advantage by reducing the rates of ACS and painful
crisis. This must be balanced against the adverse eFects and
costs of a chronic transfusion regimen. We are uncertain whether
transfusions can be stopped in children and adolescents at high risk
of stroke who have had their TCD velocities normalised, nor has
any treatment duration threshold been established for stopping
transfusions.

We are uncertain if switching to hydroxyurea with phlebotomy
is non-inferior to red cell transfusions in a select population of
children in primary prevention; we are also uncertain as to how long
the drug eFects may be maintained. We are uncertain if switching
to hydroxyurea with phlebotomy results in an increased risk of
stroke in secondary prevention and switching may increase the risk
of adverse events in children and adolescents. Hydroxyurea with
phlebotomy did not demonstrate superiority in iron removal as
measured by liver iron concentration.

Due to lack of evidence this review cannot comment on
management for adults with HbSS disease or children and adults
with HbSßº, HbSC or HbSß⁺ disease.

Implications for research

Information from a well-designed, prospective, randomised
controlled trial of chronic blood transfusion regimens in persons
with sickle cell disease who have had a previous stroke is desirable
in order to make recommendations for the optimal use of this
therapy in secondary stroke prevention. Recent improvements in

methods of detecting high-risk individuals are improving clinical
outcome, but further research is needed to assess the relative
risks and benefits of hydroxyurea in comparison with long-term
transfusion therapy for primary and secondary prevention of
cerebral infarcts. Randomised trials are needed comparing blood
transfusions with both standard care and hydroxyurea for both
primary and secondary prevention in adults with SCD.
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Methods Multicentre randomised trial in 29 clinical centres in the USA, Canada, France and the UK.

Recruitment: December 2004 to May 2010.

The last participant enrolled completed the exit visit on July 29, 2013.

Participants Inclusion criteria: children aged 5 to 15 years, confirmed diagnosis of haemoglobin SS or haemoglobin

Sβ0 thalassaemia, and at least one infarct-like lesion on the screening MRI scan defined as an MRI signal
abnormality that was at least 3 mm in one dimension and that was visible in two planes on fluid-atten-
uated inversion recovery (FLAIR) T2-weighted images, as determined by agreement of two of the three
trial neuroradiologists.

Exclusion criteria: history of focal neurologic deficit associated with an infarct on brain MRI, a seizure
disorder, treatment with hydroxyurea in the previous 3 months, a history of regular transfusion thera-
py, or imaging or non-imaging TCD measurement that was above the trial-defined thresholds.

Participant flow: 1210 registered for screening; 1074 had screening MRI evaluated by neuroradiology
committee; 675 had normal, 20 indeterminate MRI; 379 had infarct-like lesions on screening MRI; 291
had infarct-like lesions adjudicated by neurology committee; 220 had pre-randomisation MRIs adjudi-
cated by neuroradiology committee; 196 underwent randomisation.

Transfusion arm:N = 99 (15 crossed over to observation)

Sex: male: 59 (60%); F: 40 (40%)

Age: 5 to 7: 26 (26%): 8 to 10: 35 (35%); 11 to 13: 32 (32%); 14 to 15: 6 (6%)

TCD velocity: median (IQR) cm/sec: 147 (123-168) (N = 98)

Lesions on initial MRI: 99 (100%)
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Parental report of recurring headaches: yes: 37 (37%); No: 62 (63%)

Steady state haemoglobin: median (IQR): g/L: 77 (72 to 84)

Phenotypes: not stated (Included only HbSS or HbSβº)

Hb F% median (IQR): 9.0 (4.0 to 14.0)

Alpha thalassaemia: not reported

Observation arm:N = 97 (6 crossed over to transfusion)

Sex: male: 52 (54%); F: 45 (46%)

Age: 5 to 7: 28 (29%): 8 to 10: 32 (33%); 11 to 13: 29 (30%); 14 to 15: 8 (8%)

TCD velocity: median (IQR) cm/sec: 143 (131 to 163)

Lesions on initial MRI: 97 (100%)

Parental report of recurring headaches: yes: 43 (44%); No: 54 (56%)

Steady state haemoglobin: median (IQR): g/L: 79 (74 to 89)

Phenotypes: not stated trial included only HbSS or HbSβº

Hb F% median (IQR): 10.0 (5.0 to 15.0)

Alpha thalassaemia: not reported

Interventions Transfusion: transfusion arm received a transfusion approximately monthly to maintain a target
haemoglobin concentration greater than 90 g/L and a target haemoglobin S concentration of 30% or
less.

Red cell component: leucocyte-depleted, negative for haemoglobin S.

Red cell matching: ABO, Rh and Kell antigens.

Iron chelation: ferritin levels were monitored before each transfusion. Site investigators were advised
to initiate chelation therapy for participants who had ferritin levels greater than 1500 ng per millilitre
for 2 or more consecutive months.

Observation: observation arm received standard care with no treatment for silent infarcts and no hy-
droxyurea therapy and were evaluated quarterly

Outcomes Primary outcome: the recurrence of infarct or haemorrhage as determined by neuroimaging, clinical
evidence of permanent neurologic injury, or both. A new infarct had to meet the criteria for a SCI; an
enlarged SCI was defined as a previously identified silent cerebral infarct that increased by at least 3
mm along any linear dimension in any plane on MRI; TIA, included in secondary analyses of neurologic
outcomes, defined as an event that resulted in focal neurologic deficits that lasted less than 24 hours,
did not result in abnormalities on T2-weighted or FLAIR images that were indicative of an acute infarct,
and had no other reasonable medical explanation.

Secondary outcomes: changes in cognition, assessed by measurement of IQ scores with the Wechsler
Abbreviated Scale of Intelligence12 or the Wechsler Preschool and Primary Scale of Intelligence III; also
assessed scores on the Behavior Rating Inventory of Executive Function (BRIEF).

Notes Funding: supported by grants from the National Institute of Neurological Disorders and Stroke
(5U01NS042804, 3U01NS042804 [American Recovery Reinvestment ACT supplementary grant] to Dr
DeBaun); the Institute of Clinical and Translational Sciences, National Center for Research Resources,
and the National Center for Advancing Translational Sciences, Clinical and Translational Research; NIH
Roadmap for Medical Research (UL1TR000448, to Washington University; UL1TR001079, to Johns Hop-
kins University; and UL1TR000003, to the Children’s Hospital of Philadelphia); and Research and Devel-
opment in the National Health Service, UK.
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Declarations of interest: Dr McKinstry reports receiving honoraria and lecture fees from Siemens
Healthcare and consulting fees from Guerbet; Dr Woods, receiving fees for serving on a data and
safety monitoring board from Mast Therapeutics and grant support from ClinDatrix and Novartis; Dr
Kwiatkowski, receiving fees for serving on an advisory board from Shire Pharmaceuticals, consult-
ing fees from Shire Pharmaceuticals and Sideris Pharmaceuticals, and grant support from Resonance
Health; Dr. Heiny, receiving lecture fees from Novartis; Dr. Redding-Lallinger, receiving grant support
from Eli Lilly and Mast Therapeutics; and Dr. Casella, receiving honoraria, travel support, and consult-
ing fees through his institution from Mast Therapeutics and being an inventor and a named party on a
patent and licensing agreement for an assay panel of brain biomarkers for the detection of brain injury
(PCT US2011/056338), licensed to ImmunArray with pending royalties only. No other potential conflict
of interest relevant to this article was reported.

Trial registration: NCT00072761 & ISRCTN52713285.

Mean length of follow-up: children were followed for a median of 3 years.

Power calculation: a sample size of 204 participants (102 in each group) would give the trial 85% pow-
er to detect a decrease of at least 86% in the prevalence of the primary end point, assuming a 10%
dropout rate and a crossover rate of 16% from transfusion to observation and 3% from observation to
transfusion, at a two-tailed nominal alpha level of 0.05.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation assignments were provided by the statistical data coordinat-
ing centre with the use of a permuted block design, with stratification accord-
ing to site, age, and sex. Participants were assigned in a 1:1 ratio to the obser-
vation group or the transfusion group and were followed until the occurrence
of a trial end-point event or until exit from the trial.

Allocation concealment
(selection bias)

Low risk Assignments were provided by the statistical data coordinating centre.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk By the nature of the trial treatments used (blood transfusions vs observation),
it is impractical to make SIT trial blinded (masked).

Blinding of outcome as-
sessment (detection bias) 
Stroke and TIA

Low risk Members of neuroradiology and neurology committees, who were unaware of
the trial-group assignments, adjudicated neurologic and MRI findings.

Blinding of outcome as-
sessment (detection bias) 
All outcomes apart from
stroke or all-cause mortal-
ity

High risk Unblinded trial.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All outcomes reported. All participants accounted for, conducted an inten-
tion-to-treat and per protocol analysis for the primary outcomes The prima-
ry end point was ascertained for 185 of the 196 participants (94%). Of the 99
participants randomly assigned to the transfusion group, 90 started receiving
transfusions within 4 weeks after assignment. The cross-over rate from trans-
fusion to observation was 15% (15 of 99 participants); 9 participants declined
blood transfusion, and 6 crossed over to observation at a median time of 34
days.

Selective reporting (re-
porting bias)

Low risk Protocol available and all planned outcomes reported.
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Other bias Unclear risk Among participants in the observation group, 32% received transfusions (a
median of 3 transfusions each), including 6 participants who crossed over to
regular monthly transfusions at a median of 1.7 years. During the course of the
trial, hydroxyurea was started in 14 of 97 participants (14%) in the observation
group and in 3 of 99 (3%) in the transfusion group because of disease severity.

Exclusion criteria included treatment with hydroxyurea. Not clear how long or
when treatment began - possible contamination and unknown effect on out-
comes. 6 also crossed over to regular transfusion giving 20% cross-over rate to
either hydroxyurea or transfusion.

SIT 2014  (Continued)

 
 

Methods Multicentre randomised controlled trial conducted in 12 centres in the USA and Canada in children 2 -
16 years of age with HbSS or HbSβº thalassaemia.

Screening began in January 1995 and ended in November 1996. The trial was to run to December 1998
but was stopped in September 1997.

Participants Inclusion criteria: children 2 to 16 years of age and who had been given a diagnosis of sickle cell

anaemia or sickle ß0 thalassaemia at high risk of stroke with a blood flow velocity of at least 200 cm per
second on 2 TCD trials.

Exclusion criteria: history of stroke, had an indication for or contraindication to long-term transfusion,
were receiving other treatments that affected the risk of stroke, were infected with the human immun-
odeficiency virus (HIV), had been treated for seizures, were pregnant, or had a serum ferritin concentra-
tion above 500 ng per millilitre.

Participant flow: screened: N = 1934; eligible: N = 206 randomised: N = 130

Transfusion:N = 63

Sex: male: 31 (49%)

Age: mean (SD): 8.2 (3.2) years

HbS% mean (SD): 87 (10)

HbF% mean (SD): 8.0 (5.2)

Alpha thalassaemia: 14 (22%)

TCD velocity: mean (SD): 223 (27) cm/sec

Lesions on initial MRI: N (%) participants: 19 (31%)

Standard care:N = 67

Sex: male: 29 (43%)

Age: mean (SD): 8.4 (3.3) years

HbS% mean (SD): 87 (7)

HbF% mean (SD): 9.4 (5.0)

Alpha thalassaemia: 7 (9%)

TCD velocity: mean (SD) : 223 (28) cm/sec

Lesions on initial MRI N (%): participants 25 (38%)
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Phenotypes: not reported (trial included only HbSS or HbSβº)

Interventions Transfusion: N = 63

In the transfusion arm the goal was to reach an HbS concentration < 30 per cent of total haemoglobin
within 21 days without exceeding a haemoglobin concentration of 120 g/L and a hematocrit of 36%. Ex-
change or simple transfusion were allowed: 63% were simple transfusions, 12% were exchange; 25%
a combination of simple and exchange. Red cells were delivered in a volume of approximately 10 to 15
mL per kg of packed cells per transfusion.

Red cell component: leucocyte-depleted, negative for haemoglobin S.

Red cell matching: ABO, Rh and Kell antigens.

Iron chelation: none. Potential participants with a ferritin level above 500 ng/mL were excluded from
the trial. The intention was to exclude any child with a significant iron burden before initiation of treat-
ment, thus avoiding
clinically significant iron overload during the trial.

Standard care:N = 67

Outcomes Primary outcome: cerebral infarction and intracranial haemorrhage.

Secondary outcomes: death, transfusion-related adverse events.

Notes Funding: supported by Cooperative Agreements (U10 HL 52193 and U10 HL 52016) with the National
Heart, Lung, and Blood Institute.

Declarations of interest: none published.

Trial registration: no registration found.

Mean (SD) length of follow-up: transfusion arm: 21.0 (5.7) months; Standard care: 18.3 (7.0) months.

Power calculation: "Estimates of stroke risk for patients randomized to standard care were obtained
by fitting an exponential model to the follow-up of TCD (1) patients follow-up, it was estimated that
47% of patients in this group should develop stroke on study. Assuming transfusion prevents 70% of
these strokes, 14% of the patients randomized to transfusion should have strokes on study. Taken to-
gether, these values imply that a sample size of 46 per treatment arm should provide the desired statis-
tical power of 90% to detect a 70% reduction in stroke incidence at a type I error rate of 0.05 for a two-
sided test".

Analysis: 4 interim analyses and one final analysis were planned. the date of the first analysis changed
from 20 months to 14 months after recruitment began.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "The DCC developed permuted blocks within which treatment allocations
were randomly and evenly assigned. The blocks themselves were
randomly assigned to each of the 12 Centers."

Allocation concealment
(selection bias)

Low risk "After telephone verification that the patient was eligible and acquisition of
written parental consent, the DCC ran a short randomization program and pro-
vided the Investigator with the trial group assignment." " Permuted blocks are
used to blind Investigators to the potential treatment assignment of each pa-
tient while preserving approximate balance within and across Centers. The
DCC provided the Clinical Center Investigator and patient with the treatment
assignment."
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Clinicians and participants were unblinded.

Blinding of outcome as-
sessment (detection bias) 
Stroke and TIA

Low risk A panel of physicians with no knowledge of the children’s treatment assign-
ments who were not affiliated with the trial centres determined whether an
event was a stroke. The primary end points were cerebral infarction and in-
tracranial haemorrhage. "The protocol was intended to identify all neurologic
events. A panel of physicians with no knowledge of the children’s treatment
assignments who were not affiliated with the trial centres determined whether
an event was a stroke.".

Blinding of outcome as-
sessment (detection bias) 
All outcomes apart from
stroke or all-cause mortal-
ity

High risk Unblinded trial.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk An ITT analysis was used, despite 12 participants crossing over between
groups (2) or withdrawing from the trial (10). Reasons were provided. 10 par-
ticipants from the transfusion group withdrew from the trial because of prob-
lems with compliance (n = 4), multiple alloantibodies (n = 1), ineligibility (n = 1)
or other unspecified reasons (n = 4). Two participants from the standard care
group crossed over to the transfusion group, one on the second day due to di-
agnosis of subacute intracerebral hematoma and the other after 12 months for
treatment of leg ulcers.

Selective reporting (re-
porting bias)

Unclear risk No protocol available and no prospective trial registration.

Other bias Unclear risk "Four interim analyses and one final analysis were planned, with the Lan–
DeMets approximation of the O’Brien–Fleming stopping boundary. The date of
the first analysis was changed from 20 months to 14 months after recruitment
began." "Because of the high rate of stroke in the standard-care group and
the significant effect of transfusion found at the second interim analysis, the
data safety and monitoring board recommended that the trial be stopped 16
months before the planned date of December 1998 so that transfusion could
be offered to children in the standard-care group."

There was an imbalance between the number of participants with alpha tha-
lassaemia trait between treatment arms (22% transfusion arm versus 9% stan-
dard treatment arm).

STOP 1998  (Continued)

 
 

Methods Multicentre RCT, extension to the STOP trial conducted in 23 centres (including the 12 centres in STOP)
in the U.S. and Canada to determine whether regular blood transfusions for the prevention of stroke
could be stopped in children and youth 5 - 20 years of age with SCD. Children were monitored by tran-
scranial Doppler examinations after transfusions were halted and by resuming transfusions if the ex-
amination indicated a high risk of stroke. This trial was an extension of the previous STOP trial, in which
children with abnormal velocities on TCD ultrasonographic examination were administered transfu-
sions to prevent a first stroke.

The trial was meant to be a 54-month trial involving 50 participants in each group, with 60 of the partic-
ipants enrolled during the first 12 months and 40 during the next 24 months; after recruitment ended,
there were 18 months of follow-up.
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Four interim analyses and one final analysis were planned for the composite end point. The trial was
stopped on the advice of the data safety and monitoring committee because of concern about safety at
the fourth interim analysis with 79 participants enrolled.

Participants Inclusion criteria: children whose Doppler studies normalized after 30 or more months of transfusion
were eligible for the present trial. In addition, children who had not participated in the previous STOP
trial whose condition met the criteria for eligibility and treatment were also eligible for the present tri-
al. Adequate participation in a transfusion program (≥ 24 transfusions in 30 months and Hb S < 30% in
at least 20 of the 30 months); 2 Normal TCD examinations at least 2 weeks apart while receiving transfu-
sions within 4 months of randomisation; age, 5 to 20 years; consent to participate in trial.

Exclusion criteria: prior stroke; Indication for chronic transfusion; contraindication for chronic transfu-
sion; moderate-to-severe intracranial arterial disease on MRA.

Participant flow: screened: not reported; eligible: not reported; randomised: N = 79.

Transfusion continued: N = 38

Sex: male: 20 (53%)

Age: mean (SD): 12.5 (3.3)

HbS % mean (SD): 21.0 (8.6)

HbF% mean (SD): 2.4 (1.8)

Alpha thalassaemia: not reported

TCD velocity: mean (SD): 139 (16) cm/sec

Lesions on initial MRI: 10 (26%)

Phenotypes:Not reported (trial included only HbSS or HbSβº)

Transfusion halted: N = 41

Sex: male: 13 (32%)

Age: mean (SD): 12.05 (3.1)
HbS% mean (SD): 19.0 (11)

HbF% mean (SD): 2.3 (1.5)

Alpha thalassaemia: not reported

TCD velocity: mean (SD): 143 (18) cm/sec

Lesions on initial MRI: 11 (27%)

Phenotypes: not reported (trial included only HbSS or HbSβº)

Interventions Transfusion continued: n = 38.

Transfusion could be simple, manual exchange or automated exchange. antigens.

Red cell component: leucocyte-depleted, negative for haemoglobin S.

Red cell matching: ABO, Rh and Kell antigens.

Iron chelation: chelation therapy with the use of deferoxamine was recommended if serum ferritin lev-
els exceeded 2500 ng per millilitre.

Transfusion halted: n = 41.
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Participants in the transfusion-halted group could receive transfusions to treat complications of sick-
le cell disease. Initiation of hydroxyurea therapy or regular transfusion was designated as a cross-over
and data was censored on the patient as of the date of treatment.

Outcomes Primary outcome: composite end point was a stroke (cerebral infarction or intracranial haemorrhage)
or reversion to abnormal velocity on transcranial Doppler ultrasonography, defined as 2 consecutive
studies with abnormal velocities, 3 consecutive studies with an average velocity of 200 cm per second
or more, or 3 consecutive inadequate studies plus evidence of severe stenosis on MRA.

Secondary outcomes: also reports deaths, acute chest syndrome and transfusion adverse events.

Notes Funding: supported by grants (U01 HL 052193 and U01 HL 052016) from the National Heart, Lung, and
Blood Institute.

Declarations of interest: no potential conflict of interest relevant to this article was reported.

Trial registration: no registration found.

Mean length of follow-up: the median time from randomisation to an end-point event was 3.2 months
(range, 2.1 to 10.1), and the mean (SD) was 4.5 (2.6) months.

Power calculation: for a 54-month trial involving 50 participants in each group, with 60 of the partic-
ipants enrolled during the first 12 months and 40 during the next 24 months; after recruitment ended,
there were 18 months of follow-up.

Analysis: the trial was stopped by the National Heart, Lung, and Blood Institute on the advice of the da-
ta safety and monitoring committee because of concern about safety at the fourth interim analysis.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were stratified at randomisation according to the presence or ab-
sence of ischaemic lesions on MRI; random, permuted blocks of 4 or 6 partic-
ipants were used within each group as defined by MRI. Institutional balanc-
ing with a tolerance of two participants per site was imposed to maintain an
approximate balance in treatment assignments at each site. Eligible partici-
pants underwent randomisation with equal probability of continuing or halt-
ing transfusion.

Allocation concealment
(selection bias)

Unclear risk Method of allocation concealment not reported.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Participants and personnel were unblinded.

Blinding of outcome as-
sessment (detection bias) 
Stroke and TIA

Low risk "Suspected strokes were adjudicated by experts unaware of the treatment as-
signment using clinical data and all available imaging data. Stroke was defined
as persistent neurologic abnormalities or transient symptoms accompanied
by a new cerebral lesion appropriate to the patient’s clinical presentation."
"The Doppler studies were transmitted to central readers who were unaware
of the treatment assignments. All results were recorded as the time-averaged
mean of the maximum velocity in the middle cerebral or internal carotid artery
and were classified as normal (all mean velocities of <170 cm per second), con-
ditional (at least one mean velocity of 170 to 199 cm per second but none ≥200
cm per second), abnormal (at least one mean velocity of at least 200 cm per
second), or inadequate (no information available on one or both middle cere-
bral arteries)".
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Blinding of outcome as-
sessment (detection bias) 
All outcomes apart from
stroke or all-cause mortal-
ity

High risk Unblinded trial.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk It was not stated whether intent-to-treat analysis was used. Data on 9 partici-
pants assigned to no continued transfusion who did not have a primary end-
point event were censored: 5 of these participants resumed chronic transfu-
sion and four started treatment with hydroxyurea. Of 38 participants assigned
to continued transfusion, 5 discontinued participation in the trial. N = 14 (17%)
of participants discontinued or censored.

Selective reporting (re-
porting bias)

Unclear risk Primary outcomes reported. Did not state secondary outcomes. Not clear if all
adverse events reported and also censored data not contributing to outcome
reporting.

Other bias Unclear risk The trial was stopped by the National Heart, Lung, and Blood Institute on the
advice of the data safety and monitoring committee because of concern about
safety at the fourth interim analysis.

STOP 2 2005  (Continued)

 
 

Methods Multicentre randomised controlled non-inferiority trial conducted in 26 paediatric sickle cell centres in
the USA.

Total duration of trial treatment was 30 months after randomisation, with a final trial visit scheduled 6
months after discontinuation of trial treatments.

Participants Inclusion criteria: paediatric participants with severe forms of SCA (HbSS, HbS/βº-thalassemia, HbS/
OArab); age range of 5.0 to 18.9 years, inclusive, at the time of enrolment; initial (primary) completed

overt clinical stroke after the age 12 months with documented infarction on brain CT or MRI; at least
18 months of chronic monthly erythrocyte transfusions since primary stroke; transfusional iron over-
load, defined as a previously documented liver iron concentration ≥ 5.0 mg Fe per g of dry weight liver
or serum ferritin ≥ 500 ng/mL on 2 independent measurements; adequate monthly erythrocyte trans-
fusions with average HbS ≤ 45% (the upper limit of the established academic community standard) for
the past 6 months before enrolment; parent or guardian willing and able to provide informed consent
with verbal or written assent from the child (< 18 years of age), and subject willing and able to provide
informed consent (≥ 18 years of age); ability to comply with trial related treatments, evaluations, and
follow-up.

Exclusion criteria: inability to receive or tolerate chronic RBC transfusion therapy; inability to take or
tolerate daily oral hydroxyurea; clinical and laboratory evidence of hypersplenism (temporary); abnor-
mal laboratory values at initial evaluation (temporary); current participation in other therapeutic clini-
cal trials; current use of other therapeutic agents for sickle cell disease (e.g. arginine, decitabine, mag-
nesium); any condition or chronic illness, such as a positive tuberculin (PPD) test, which in the opin-
ion of the investigator makes participation ill-advised; inability or unwillingness to complete required
screening studies, including blood tests, brain MRI/MRA, and liver biopsy; a sibling enrolled in SWiTCH.

Participant flow: screened: N = 202; enrolled: N = 161; randomised: N = 134

Transfusion + chelation: N = 66 (one moved before starting trial treatment)

Sex: Male: 31 (47%)

Age: Mean (SD): 13.3 (3.8)

Phenotype: HbSS: 66 (100%)

SWiTCH 2012 
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Previous recurrent stroke: 4 (6%)

History of TIA: 11 (17%)

Infarction: 65 (98%)

Vasculopathy: 54 (82%)

Moya-moya: 5 (8%)

Liver iron content (LIC), mg Fe/g dw liver median (IQR): 14.5 (9.5 to 23.3)

Serum ferritin, ng/mL median (IQR): 3282.0 (2321.0 to 4306.0)

HbS% median (IQR): 27.0 (21.2 to 38.6)

HbF% median (IQR): 1.7 (1.0 to 2.5)

Alpha thalassaemia: not reported

Hydroxyurea + phlebotomy:N = 67

Sex: male: 41 (61%)

Age: Mean (SD): 13.0 (4.0)

Phenotype: HbSS: 66 (99%)

Previous recurrent stroke: 10 (15%)

History of TIA: 10 (15%)

Infarction: 65 (98%)

Vasculopathy: 53 (79%)

Moya-moya: 11 (16%)

Liver iron content (LIC), mg Fe/g dw liver median (IQR): 13.9 (8.7 to 22.9)

Serum ferritin, ng/mL median (IQR): 3346.0 (2202.0 to 4682.0)

HbS% median (IQR): 30.3 (23.8 to 39.6)

HbF% median (IQR): 1.4 (0.8 to 2.2)

Alpha thalassaemia: not reported

Interventions Standard treatment (transfusion + chelation): N = 66

For standard treatment (blood transfusion + iron chelation) participants received monthly blood trans-
fusions designed to maintain 30% HbS, with local discretion regarding transfusion type (e.g., simple or
erythrocytapheresis).

Red cell component: not reported.

Red cell matching: not reported.

Iron chelation: daily iron chelation.

Hydroxyurea + phlebotomy: N = 67

Participants randomised to hydroxyurea + phlebotomy commenced hydroxyurea at 20 mg/kg/d with
stepwise escalation to MTD. Transfusions continued for 4 to 9 months during an overlap phase de-
signed to protect against recurrent stroke during hydroxyurea dose escalation. Once MTD was reached

SWiTCH 2012  (Continued)
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and transfusions were discontinued, phlebotomy commenced with a target of 10 mL/kg (maximum vol-
ume, 500 mL) blood removed monthly to reduce iron burden.

Outcomes Primary outcome: composite primary endpoint of secondary stroke recurrence rate and quantitative
liver iron concentration.

Secondary outcomes: non-stroke neurological events, non-neurological sickle cell clinical events,
quality of life evaluation, and measures of organ function.

Notes Funding: supported by National Heart, Lung, and Blood Institute grants U01-HL078787 (R.E.W.) and
U01-HL078987 (R.W.H.).

Declarations of interest: the authors declare no competing financial interests.

Trial registration: ClinicalTrials.gov NCT00122980.

Mean length of follow-up: 6-month follow-up.

Power calculation: not stated.

Analysis: because reduction in LIC was not superior on hydroxyurea/phlebotomy, the DSMB conclud-
ed that the composite primary trial end point would not be met and recommended trial closure. NHLBI
closed SWiTCH N = 40 did not complete treatment phase in transfusion/iron chelation arm and N = 43
did not complete treatment phase in hydroxyurea/phlebotomy arm.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of sequence generation not reported.

Allocation concealment
(selection bias)

Unclear risk Method of allocation concealment not reported.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk By the nature of the trial treatments used to prevent recurrent stroke (blood
transfusions vs hydroxyurea), it is impractical to make SWiTCH a blinded
(masked) trial.

Blinding of outcome as-
sessment (detection bias) 
Stroke and TIA

Low risk The inclusive independent stroke adjudication process for all suspected new
neurological events is a novel feature of the trial. Stroke recurrence is a pri-
mary trial endpoint but also is a critical safety endpoint for the SWiTCH trial.
Accordingly, it was necessary to develop an inclusive process by which all po-
tential stroke events were recognized and systematically adjudicated using a
standardized protocol and masked consultants. Participants who develop any
acute neurological change are promptly evaluated for possible stroke. In ad-
dition, site personnel are provided with a written script to use at each interval
clinic visit, to ensure that subjects and families are asked each month about
any signs and symptoms of stroke. After a new neurological event is suspect-
ed, the stroke adjudication process begins. The clinical history and neurolog-
ical exam are reviewed by 3 independent neurologists without knowledge of
the imaging findings. Simultaneously, the radiological evaluation is reviewed
by 3 independent masked neuroradiologists without knowledge of the clinical
history or neurological examination. Only after their independent consensus
opinions are formed are these two opinions reconciled into a final stroke adju-
dication decision; a diagnosis of stroke requires new neurological findings with
corresponding radiological changes.

Blinding of outcome as-
sessment (detection bias) 

High risk The SWiTCH principal investigator was masked to all treatment-specific re-
sults, including laboratory tests and clinical events. In addition, all investiga-
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All outcomes apart from
stroke or all-cause mortal-
ity

tors at the peripheral clinical sites are masked to trial treatment results out-
side of their own clinical centre.

Unblinded trial.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk The primary statistical analyses of efficacy and safety will be performed on the
ITT population, which consists of all participants who were randomised to a
trial treatment and for whom outcome data are available.

Selective reporting (re-
porting bias)

High risk Several secondary outcomes not reported (i.e. quality of life, growth and de-
velopment, organ damage, transfusion-related, chelation-related and phle-
botomy related complications)

Other bias Unclear risk the DSMB concluded that the composite primary trial end point would not be
met and recommended trial closure. NHLBI closed SWiTCH - N = 40 did not
complete treatment phase in transfusion/iron chelation arm and N = 43 did
not complete treatment phase in hydroxyurea/phlebotomy arm. More partici-
pants had moya-moya in the hydroxyurea arm (11 participants) than the trans-
fusion arm (5 participants), it was not known if there was a difference between
treatment arms in the number of participants with other types of severe vascu-
lopathy.

SWiTCH 2012  (Continued)

 
 

Methods Multicentre randomised open-label non-inferiority trial conducted at 26 paediatric hospital and health
centres in the USA and Canada in children with abnormal TCD velocities greater or equal to 200 cm/s
but no vasculopathy

Duration: 24 months after randomisation with a 6-month visit after completing exit studies.

Participants Screened: N = 159; excluded: N = 38; randomised: N = 121

Inclusion criteria

1. Children aged 4 to 16 years with severe forms of sickle cell anaemia (HbSS, HbSβº thalassaemia,
HbSOArab)

2. Documented index (pre-treatment) abnormally high TCD velocity by transcranial Doppler ultrasonog-
raphy. An abnormally high index TCD is defined as TCD V greater than or equal to 200 cm/sec, or ab-
normally high TCDi V greater than or equal to 185cm/sec, or TCD maximum V greater than or equal
to 250 cm/sec.

3. At least 12 months of chronic monthly red blood cell transfusions since the index abnormal TCD ex-
amination

4. Adequate monthly erythrocyte transfusions with average HbS level less than or equal to 45% (the
upper limit of the established academic community standard) for the past 6 months before enrolment

5. Parent or guardian willing and able to provide informed consent with verbal or written assent from
the child

6. Ability to comply with trial-related treatments, evaluations, and follow-up

Exclusion criteria

1. Completed overt clinical stroke or TIA

2. Inability to obtain TCD velocities due to anatomical abnormalities such as:
a. inadequate bone windows

b. previous revascularisation procedures

3. Known severe vasculopathy or moya-moya disease on brain MRA

TWiTCH 2016 
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4. Inability to receive or tolerate chronic RBC transfusion therapy, due to any of the following:
a. multiple RBC alloantibodies making cross-matching difficult or impossible

b. RBC autoantibodies making cross-matching difficult or impossible

c. religious objection to transfusions that preclude their chronic use

d. non-compliance with transfusions over the past 6 months before enrolment (temporary exclusion)

5. Inability to take or tolerate daily oral hydroxyurea, including:
a. known allergy to hydroxyurea therapy

b. positive serology to HIV infection

c. malignancy

d. current lactation

e. previous stem cell transplant or other myelosuppressive therapy

6. Clinical and laboratory evidence of hypersplenism (temporary exclusions):
a. Palpable splenomegaly greater than 5cm below the leT costal margin

b. Transfusion requirement greater than 250 mL/kg over the previous 12 months

7. Abnormal laboratory values at initial evaluation (temporary exclusions):
a. Pre-transfusion haemoglobin concentration less than 80 g/L

b. WBC count less than 3.0 x 109/L

c. Absolute neutrophil count less than 1.5 x 109/L

d. Platelet count less than 100 x 109/L

e. Serum creatinine more than twice the upper limit for age OR greater than or equal to 1.0 mg/dL

8. Current participation in other therapeutic clinical trials

9. Current use of other therapeutic agents for SCD (e.g. arginine, decitabine, magnesium). Subjects must
have been oF hydroxyurea for at least 3 months prior to enrolment.

10.Any condition or chronic illness, such as a positive tuberculin (PPD) test, which in the opinion of the
CI makes participation ill-advised.

11.Inability or unwillingness to complete required screening and exit studies, including TCD ultrasonog-
raphy, brain MRI/MRA, liver MRI and blood tests.

12.A sibling enrolled in TWiTCH

13.Pregnancy or unwillingness to use a medically acceptable form of contraception if sexually active
(male OR female).

Transfusion (N = 61): (mean (SD) unless otherwise stated)

Sex: male: 19 (31%)

Age: mean (SD): 9.5 ± 2.68

Phenotype: HbSS: 59 (97%)

Age at index abnormal TCD: mean (SD): 5.7 (2.0)

Average index TCD value (cm/s): mean (SD): 226 (25)

Average entry TCD value (cm/s): mean (SD): 145 (21)

Silent cerebral infarct: 25 (41%)

Mild to moderate vasculopathy: 6 (10%)

Transusion duration (years): 3.8 (1.8)

Simple transfusions: 36 (59%)

RBC alloantibodies: 9 (15%)

RBC autoantibodies 12 (20%)

Liver iron (mg Fe per g dry weight liver) Mean (SD): 8.5 (7.5)

Serum ferritin (ng/mL) Mean (SD): 2713 (2207)
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Current chelation usage: 51 (84%)

Haemoglobin (g/L) Mean (SD): 93 (8)

HbS% Mean (SD): 26.5 (10.3)

HbF% Mean (SD): 10·3 (6·5)

Alpha thalassaemia: not reported

Hydroxyurea (n = 60): (mean (SD) unless otherwise stated)

Sex: male: 29 (48%)

Age: mean (SD): 9.7 (3.2)

Phenotype: HbSS: 60 (100%)

Age at index abnormal TCD: mean (SD): 5.0 (1.8)

Average index TCD value (cm/s): mean (SD): 220 (17)

Average entry TCD value (cm/s): mean (SD): 145 (26)

SCI: 22 (37%)

Mild to moderate vasculopathy: 4 (7%)

Transfusion duration (years): 4.5 (2.8)

Simple transfusions: 39 (65%)

RBC alloantibodies: 11 (18%)

RBC autoantibodies: 10 (17%)

Liver iron (mg Fe per g dry weight liver): Mean (SD): 11.3 (9.5)

Serum ferritin (ng/mL): mean (SD): 3080 (2347)

Current chelation usage: 48 (80%)

Haemoglobin (g/L): mean (SD): 93 (8)

HbS% Mean (SD): 27.6 (9.9)

HbF% Mean (SD): 8·8 (5·5)

Alpha thalassaemia: not reported

Interventions Transfusions N = 61:

Participants continued to receive transfusions once per month to maintain HbS at 30% or lower with
local discretion with respect to transfusion type (simple, partial exchange, or erythrocytapheresis).

Red cell component: not reported.

Red cell matching: not reported.

Iron chelation: deferasirox was recommended to manage iron overload; children already receiving
chelation therapy maintained their current doses; those starting chelation therapy received deferasirox
at 10 - 40 mg/kg per day with the dose dependent on liver iron concentration at screening.

Hydroxyurea N = 60:

Participants initiated treatment of hydroxyurea at 20 mg/kg per day (capsules or liquid formulation)
with escalation to MTD defined as the dose at which moderate marrow suppression of neutrophils and
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reticulocytes was achieved. Transfusions were slowly weaned in accordance with a standard protocol
over 4 - 9 months.

Outcomes Primary outcome: TCD time-averaged mean velocity on the index side defined as the cerebral hemi-
sphere with the higher mean arterial velocity at baseline assessment.

Secondary outcomes: TCD velocity on the non-index side, new stroke or non-stroke neurological
events, new brain MRI/MRA lesions, hepatic iron overload, sickle-related events, neuropsychological
status, quality of life, growth, and treatment-related complications.

Notes Funding: supported by the National Heart, Lung, and Blood Institute through grants R01 HL-095647
(REW) and R01 HL-095511 (BRD).

Declarations of interest: all authors declared.

Trial registration: ClinicalTrials.gov, number NCT01425307.

Mean length of follow-up: 24 months after randomisation,with a 6-month visit after completing exit
studies

Power calculation: 100 participants (50 per treatment arm) who complete the 24-month post-ran-
domisation follow-up period will provide at least 90% power to test the non-inferiority hypothesis un-
der reasonable scenarios.

Analysis: two planned interim analyses after 33% and 67% of participants had completed exit studies.
At the first scheduled interim analysis, non-inferiority was shown and the sponsor terminated the trial
after 50% had exited and repeat analysis confirmed the first interim analysis.

We did analyses in the ITT population, except for a planned per-protocol analysis of TCD velocities,
which excluded participants who exited the trial early.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants will be randomised to treatment arm by means of an adaptive
randomisation algorithm to maintain balance between treatment groups with
respect to site, age, and the mean of 2 screening maximum TCD velocities.
Participants are randomised to either the Standard or Alternative treatment
arm at an approximately 1 to 1 ratio. Randomisation is stratified within site
to achieve approximate balance with respect to two baseline factors: (1) the
mean of the two screening TCD velocity values and (2) participant age at enrol-
ment. Block sizes will be fixed at 4 to maintain equal sample sizes in the two
arms within a given site every fourth randomisation. Random block size was
not employed due to the small number of participants excepted at each clini-
cal site. Assignment within a given block of four will be randomly ordered and
will vary from block to block. The first 8 participants to be randomised will be
assigned to a treatment arm based on the site-specific unconstrained random
allocation scheme.

Allocation concealment
(selection bias)

Low risk From appendix: this process assures that the differences in mean baseline age
and mean baseline TCD velocity between the two arms, after the participant’s
randomisation, do not exceed a critical value determined by a statistical prob-
ability distribution.

Adaptive randomisation and trial-wide imbalance constraints and other con-
straints appear to ensure that allocation is statistically determined.

Randomisation was done centrally, stratified by site with a block size of four,
and we used an adaptive randomisation scheme to balance the covariates of
baseline age and TCD velocity.
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Participants and personnel are unblinded.

Blinding of outcome as-
sessment (detection bias) 
Stroke and TIA

Low risk TCD examinations were done just before transfusions or phlebotomy, and all
were read centrally by observers masked to treatment assignment and pre-
vious TCD results. All new potential stroke events were assessed with careful
neurological evaluation and brain MRI or MRA examinations, then adjudicat-
ed centrally by a panel of expert reviewers. Independent and then consensus
opinions were obtained from neurologists and neuroradiologists masked to
trial treatment. Brain MRI/MRA examinations at trial exit allowed us to confirm
that no strokes had been missed by the adjudication process.

Blinding of outcome as-
sessment (detection bias) 
All outcomes apart from
stroke or all-cause mortal-
ity

High risk Unblinded trial.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All randomised participants included in safety and efficacy analysis Transfu-
sion arm: 0 lost to follow-up, 8 discontinued intervention, 3 adjudicated TIA, 1
TCD velocity > 240 cm/s 2 non-adherence 1 difficulty finding matched blood 1
chose to withdraw hydroxyurea arm: 6 discontinued intervention 3 adjudicat-
ed transient Ischaemic attack 3 non-adherence.

Selective reporting (re-
porting bias)

Unclear risk Some outcomes will be reported in future papers.

Other bias Unclear risk Children with severe vasculopathy were excluded from TWiTCH trial during
screening, so these children might not be suitable candidates for hydroxyurea.

Mean age of the trial participants was slightly older than the peak age for pri-
mary stroke (about 5 - 6 years), yet still within the published range.

The duration of hydroxyurea therapy without transfusions was relatively short;
longer follow-up is clearly needed to establish whether these findings are
maintained over time.

Trial stopped early based on TCD velocities, an accepted surrogate for primary
stroke risk in children with sickle cell anaemia, still be some uncertainty with
regards to effectiveness for stroke prevention in certain populations and over
time.

After full enrolment and when 37% of the participants had exited the trial, the
first scheduled interim analysis showed that the stopping boundary had been
passed and non-inferiority was shown. After 50% of participants had exited, re-
peat analyses supported these findings and the trial was terminated by NHLBI.
Remaining participants then completed all exit studies before discontinuing
protocol-directed trial treatment. In total, the standard group included 42 par-
ticipants who completed trial treatment, 11 who had truncated treatment,
and eight who exited early; the alternative group included 41 participants who
completed treatment, 13 who had truncated treatment, and 6 who exited ear-
ly.

TWiTCH 2016  (Continued)
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ITT: intention-to-treat
MRA: magnetic resonance angiography
MRI: magnetic resonance imaging
MTD: maximum tolerated dose
RBC: red blood cells
RCT: randomised controlled trial
SCI: silent cerebral infarct
SD: standard deviation
TCD: transcranial Doppler ultrasonography
TIA: transient Ischaemic attack
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bernaudin 2015 Not a randomised trial.

SCATE 2015 No red blood cell transfusion arm; hydroxyurea versus observation.
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Comparison 1.   Blood transfusion versus standard care

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Clinical stroke 3   Risk Ratio (M-H, Random, 95% CI) Subtotals only

1.1 No previous long-term red
cell transfusions

2 326 Risk Ratio (M-H, Random, 95% CI) 0.12 [0.03, 0.49]

1.2 Previous long-term red cell
transfusions

1 79 Risk Ratio (M-H, Random, 95% CI) 0.22 [0.01, 4.35]

2 Clinical stroke - velocity 3   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

2.1 Normal TCD velocities and
no previous long-term red cell
transfusions

1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

2.2 Normalised TCD velocities
and previous long-term red cell
transfusions

1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

2.3 Abnormal TCD velocities 1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Clinical stroke - SCI 2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

3.1 Presence of previous SCI on
MRI

2 243 Risk Ratio (M-H, Fixed, 95% CI) 0.11 [0.02, 0.59]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

3.2 Absence of previous SCI on
MRI

1 79 Risk Ratio (M-H, Fixed, 95% CI) 0.27 [0.03, 2.31]

4 Mortality 1   Peto Odds Ratio (Peto, Fixed, 95% CI) Totals not selected

5 Transfusion-related adverse
events

1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

5.1 Alloimmunisation - No pre-
vious long-term red cell transfu-
sions

1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

5.2 Transfusion reactions - No
previous long-term red cell
transfusion

1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

6 TIA 2   Peto Odds Ratio (Peto, Fixed, 95% CI) Subtotals only

6.1 No previous long-term red
cell transfusions

2 323 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.13 [0.01, 2.11]

7 Other sickle cell related com-
plications

2   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

7.1 Acute chest syndrome 2 326 Risk Ratio (M-H, Fixed, 95% CI) 0.24 [0.12, 0.48]

7.2 Painful crises 2 326 Risk Ratio (M-H, Fixed, 95% CI) 0.62 [0.46, 0.84]

7.3 Priapism 1 111 Risk Ratio (M-H, Fixed, 95% CI) 0.13 [0.02, 0.99]

7.4 Avascular necrosis of the hip 1 196 Risk Ratio (M-H, Fixed, 95% CI) 0.16 [0.02, 1.33]

 
 

Analysis 1.1.   Comparison 1 Blood transfusion versus standard care, Outcome 1 Clinical stroke.

Study or subgroup Blood trans-
fusion

Standard care Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.1.1 No previous long-term red cell transfusions  

SIT 2014 1/99 7/97 48.57% 0.14[0.02,1.12]

STOP 1998 1/63 11/67 51.43% 0.1[0.01,0.73]

Subtotal (95% CI) 162 164 100% 0.12[0.03,0.49]

Total events: 2 (Blood transfusion), 18 (Standard care)  

Heterogeneity: Tau2=0; Chi2=0.06, df=1(P=0.8); I2=0%  

Test for overall effect: Z=2.92(P=0)  

   

1.1.2 Previous long-term red cell transfusions  

STOP 2 2005 0/38 2/41 100% 0.22[0.01,4.35]

Subtotal (95% CI) 38 41 100% 0.22[0.01,4.35]

Total events: 0 (Blood transfusion), 2 (Standard care)  

Favours transfusion 10000.001 100.1 1 Favours standard care
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Study or subgroup Blood trans-
fusion

Standard care Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=1(P=0.32)  

Favours transfusion 10000.001 100.1 1 Favours standard care

 
 

Analysis 1.2.   Comparison 1 Blood transfusion versus standard care, Outcome 2 Clinical stroke - velocity.

Study or subgroup Blood transfusion Standard care Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.2.1 Normal TCD velocities and no previous long-term red cell transfusions  

SIT 2014 1/99 7/97 0.14[0.02,1.12]

   

1.2.2 Normalised TCD velocities and previous long-term red cell transfusions  

STOP 2 2005 0/38 2/41 0.22[0.01,4.35]

   

1.2.3 Abnormal TCD velocities  

STOP 1998 1/63 11/67 0.1[0.01,0.73]

Favours transfusion 10000.001 100.1 1 Favours standard care

 
 

Analysis 1.3.   Comparison 1 Blood transfusion versus standard care, Outcome 3 Clinical stroke - SCI.

Study or subgroup Blood trans-
fusion

Standard care Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.3.1 Presence of previous SCI on MRI  

SIT 2014 1/99 7/97 48.98% 0.14[0.02,1.12]

STOP 1998 0/18 9/29 51.02% 0.08[0.01,1.35]

Subtotal (95% CI) 117 126 100% 0.11[0.02,0.59]

Total events: 1 (Blood transfusion), 16 (Standard care)  

Heterogeneity: Tau2=0; Chi2=0.09, df=1(P=0.76); I2=0%  

Test for overall effect: Z=2.57(P=0.01)  

   

1.3.2 Absence of previous SCI on MRI  

STOP 1998 1/38 4/41 100% 0.27[0.03,2.31]

Subtotal (95% CI) 38 41 100% 0.27[0.03,2.31]

Total events: 1 (Blood transfusion), 4 (Standard care)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.2(P=0.23)  

Favours transfusion 10000.001 100.1 1 Favours standard care

 
 

Analysis 1.4.   Comparison 1 Blood transfusion versus standard care, Outcome 4 Mortality.

Study or subgroup Blood transfusion Halted transfusion Peto Odds Ratio Peto Odds Ratio

  n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% CI

STOP 2 2005 1/38 0/41 8[0.16,404.12]

Favours transfusion 1000.01 100.1 1 Favours halted transfu-
sio
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Analysis 1.5.   Comparison 1 Blood transfusion versus standard care, Outcome 5 Transfusion-related adverse events.

Study or subgroup Blood transfusion Standard care Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.5.1 Alloimmunisation - No previous long-term red cell transfusions  

SIT 2014 4/90 0/31 3.16[0.18,57.17]

   

1.5.2 Transfusion reactions - No previous long-term red cell transfusion  

SIT 2014 15/90 1/31 5.17[0.71,37.52]

Favours transfusion 1000.01 100.1 1 Favours standard care

 
 

Analysis 1.6.   Comparison 1 Blood transfusion versus standard care, Outcome 6 TIA.

Study or subgroup Blood trans-
fusion

Standard care Peto Odds Ratio Weight Peto Odds Ratio

  n/N n/N Peto, Fixed, 95% CI   Peto, Fixed, 95% CI

1.6.1 No previous long-term red cell transfusions  

SIT 2014 0/99 2/97 100% 0.13[0.01,2.11]

STOP 1998 0/56 0/71   Not estimable

Subtotal (95% CI) 155 168 100% 0.13[0.01,2.11]

Total events: 0 (Blood transfusion), 2 (Standard care)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.43(P=0.15)  

Favours transfusion 10000.001 100.1 1 Favours stan. care

 
 

Analysis 1.7.   Comparison 1 Blood transfusion versus standard
care, Outcome 7 Other sickle cell related complications.

Study or subgroup Blood trans-
fusion

Standard care Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.7.1 Acute chest syndrome  

SIT 2014 5/99 24/97 64.12% 0.2[0.08,0.51]

STOP 1998 4/63 14/67 35.88% 0.3[0.11,0.87]

Subtotal (95% CI) 162 164 100% 0.24[0.12,0.48]

Total events: 9 (Blood transfusion), 38 (Standard care)  

Heterogeneity: Tau2=0; Chi2=0.31, df=1(P=0.58); I2=0%  

Test for overall effect: Z=4.04(P<0.0001)  

   

1.7.2 Painful crises  

SIT 2014 32/99 56/97 81.78% 0.56[0.4,0.78]

STOP 1998 11/63 13/67 18.22% 0.9[0.44,1.86]

Subtotal (95% CI) 162 164 100% 0.62[0.46,0.84]

Total events: 43 (Blood transfusion), 69 (Standard care)  

Heterogeneity: Tau2=0; Chi2=1.38, df=1(P=0.24); I2=27.56%  

Test for overall effect: Z=3.08(P=0)  

   

1.7.3 Priapism  

Favours transfusion 1000.01 100.1 1 Favours standard care
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Study or subgroup Blood trans-
fusion

Standard care Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

SIT 2014 1/59 7/52 100% 0.13[0.02,0.99]

Subtotal (95% CI) 59 52 100% 0.13[0.02,0.99]

Total events: 1 (Blood transfusion), 7 (Standard care)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.97(P=0.05)  

   

1.7.4 Avascular necrosis of the hip  

SIT 2014 1/99 6/97 100% 0.16[0.02,1.33]

Subtotal (95% CI) 99 97 100% 0.16[0.02,1.33]

Total events: 1 (Blood transfusion), 6 (Standard care)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.69(P=0.09)  

Favours transfusion 1000.01 100.1 1 Favours standard care

 
 

Comparison 2.   Hydroxyurea and phlebotomy versus standard treatment (transfusions/chelation)

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Clinical stroke - Secondary pre-
vention

1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

2 Mortality 2   Peto Odds Ratio (Peto, Fixed, 95% CI) Totals not selected

2.1 Mortality - Primary prevention 1   Peto Odds Ratio (Peto, Fixed, 95% CI) 0.0 [0.0, 0.0]

2.2 Mortality - Secondary preven-
tion

1   Peto Odds Ratio (Peto, Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Transfusion-related complica-
tions - Serum ferritin; Primary
prevention

1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

4 Transfusion related complica-
tions - Liver iron concentration -
Primary prevention

1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

5 Other neurological event 2   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

5.1 TIA - Primary prevention 1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

5.2 TIA - Secondary prevention 1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

6 Other sickle cell related compli-
cations

2   Risk Ratio (M-H, Random, 95% CI) Totals not selected

6.1 Total SCD-related SAEs - Se-
condary prevention

1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

6.2 Acute chest syndrome - Pri-
mary prevention

1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

6.3 Acute chest syndrome - Se-
condary prevention

1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

6.4 Painful crisis - Primary pre-
vention

1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

6.5 Painful crisis - Secondary pre-
vention

1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

6.6 Infections and infestations
SAEs - Primary prevention

1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

6.7 Infections and infestations
SAEs - Secondary prevention

1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

7 Haemoglobin levels 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

8 Haemoglobin S levels 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

 
 

Analysis 2.1.   Comparison 2 Hydroxyurea and phlebotomy versus standard treatment
(transfusions/chelation), Outcome 1 Clinical stroke - Secondary prevention.

Study or subgroup Hydroxyurea Transfusion Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

SWiTCH 2012 7/67 0/66 14.78[0.86,253.66]

Favours Hydroxyurea 10000.001 100.1 1 Favours Transfusion

 
 

Analysis 2.2.   Comparison 2 Hydroxyurea and phlebotomy versus
standard treatment (transfusions/chelation), Outcome 2 Mortality.

Study or subgroup Hydroxyurea Transfusion Peto Odds Ratio Peto Odds Ratio

  n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% CI

2.2.1 Mortality - Primary prevention  

TWiTCH 2016 0/60 0/61 Not estimable

   

2.2.2 Mortality - Secondary prevention  

SWiTCH 2012 1/67 1/66 0.98[0.06,15.92]

Favours Hydroxyurea 1000.01 100.1 1 Favours Transfusion
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Analysis 2.3.   Comparison 2 Hydroxyurea and phlebotomy versus standard treatment (transfusions/
chelation), Outcome 3 Transfusion-related complications - Serum ferritin; Primary prevention.

Study or subgroup Hydroxyurea Transfusion Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

TWiTCH 2016 60 1276 (1228) 61 2674 (1717) -1398[-1929.23,-866.77]

Favours hydroxyurea 1000500-1000 -500 0 Favours transfusion

 
 

Analysis 2.4.   Comparison 2 Hydroxyurea and phlebotomy versus standard treatment (transfusions/
chelation), Outcome 4 Transfusion related complications - Liver iron concentration - Primary prevention.

Study or subgroup Hydroxyurea Transfusion Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

TWiTCH 2016 60 9.5 (8.7) 61 11.3 (10.1) -1.8[-5.16,1.56]

Favours Hydroxyurea 105-10 -5 0 Favours Transfusion

 
 

Analysis 2.5.   Comparison 2 Hydroxyurea and phlebotomy versus standard
treatment (transfusions/chelation), Outcome 5 Other neurological event.

Study or subgroup Hydroxyurea Transfusion Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.5.1 TIA - Primary prevention  

TWiTCH 2016 3/60 3/61 1.02[0.21,4.84]

   

2.5.2 TIA - Secondary prevention  

SWiTCH 2012 6/67 9/66 0.66[0.25,1.74]

Favours Hydroxyurea 1000.01 100.1 1 Favours Transfusion

 
 

Analysis 2.6.   Comparison 2 Hydroxyurea and phlebotomy versus standard treatment
(transfusions/chelation), Outcome 6 Other sickle cell related complications.

Study or subgroup Hydroxyurea Transfusion Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

2.6.1 Total SCD-related SAEs - Secondary prevention  

SWiTCH 2012 22/67 7/66 3.1[1.42,6.75]

   

2.6.2 Acute chest syndrome - Primary prevention  

TWiTCH 2016 4/60 2/61 2.03[0.39,10.69]

   

2.6.3 Acute chest syndrome - Secondary prevention  

SWiTCH 2012 1/67 3/66 0.33[0.04,3.08]

   

2.6.4 Painful crisis - Primary prevention  

TWiTCH 2016 5/60 1/61 5.08[0.61,42.23]

   

2.6.5 Painful crisis - Secondary prevention  

SWiTCH 2012 16/67 5/66 3.15[1.23,8.11]

Favours hydroxyurea 1000.01 100.1 1 Favours transfusion
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Study or subgroup Hydroxyurea Transfusion Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

   

2.6.6 Infections and infestations SAEs - Primary prevention  

TWiTCH 2016 4/60 1/61 4.07[0.47,35.34]

   

2.6.7 Infections and infestations SAEs - Secondary prevention  

SWiTCH 2012 7/67 2/66 3.45[0.74,15.99]

Favours hydroxyurea 1000.01 100.1 1 Favours transfusion

 
 

Analysis 2.7.   Comparison 2 Hydroxyurea and phlebotomy versus standard
treatment (transfusions/chelation), Outcome 7 Haemoglobin levels.

Study or subgroup Hydroxyurea Transfusion Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

TWiTCH 2016 60 91 (11) 61 92 (7) -1[-4.29,2.29]

Favours hydroxyurea 10050-100 -50 0 Favours transfusion

 
 

Analysis 2.8.   Comparison 2 Hydroxyurea and phlebotomy versus standard
treatment (transfusions/chelation), Outcome 8 Haemoglobin S levels.

Study or subgroup Hydroxyurea Transfusion Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

TWiTCH 2016 60 70.7 (9.6) 61 27.6 (10.1) 43.1[39.59,46.61]

Favours hydroxyurea 10050-100 -50 0 Favours transfusion

 

 

A D D I T I O N A L   T A B L E S
 

Number of participants with at least one
event

Adverse events/100 per-
son-years

Outcomes Trials

Transfusion Standard Transfu-
sion

Standard

Incidence rate rati-

oc

(95% CI)

Transfusion re-
actions

SIT 2014 15 out of 90a 1 out of 31b 8.85 1.66 5.33

(1.67 to 23.52)

Ferritin > 1500
μg/L

SIT 2014 76 out of 90a 3 out of 31b 534.70 37.07 14.42

(5.41 to 85.17)

Table 1.   Adverse events per 100 person-years and incidence rate ratios for transfusion-related
complications  (Continued)

aNine participants who declined transfusion were excluded from the analysis.
b31 participants assigned to observation received one or more transfusions.
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cThe incidence ratio was calculated as the rate of adverse events per 100 person-years in the transfusion group divided by the rate of
adverse events per 100 person-years in the observation group. The 95% confidence intervals were calculated with the use of the bootstrap
method with 10,000 replications.
Abbreviations: CI: confidence interval
 
 

Number of participants with at least one
event

Adverse events/100
person-years

Outcomes Trials

Transfusion Standard Transfu-
sion

Standard

Incidence rate ra-

tioa

(95% CI)

STOP
1998

4 out of 63 14 out of 67 4.8b 15.3b -Acute chest syn-
drome

SIT 2014 5 out of 99 24 out of 97 1.81b 14.35b 0.41

(0.20 to 0.75)

STOP
1998

11 out of 63 13 out of 67 16.2 27.6 -Painful crisis

SIT 2014 32 out of 99 56 out of 97 41.58 102.21 0.13

(0.04 to 0.28)

Priapism SIT 2014 1 out of 59 7 out of 52 0.84 6.65 0.13

(0.03 to 0.55)

Symptomatic
avascular necro-
sis of the hip

SIT 2014 1 out of 99 6 out of 97 0.4 2.25 0.22

(0.05 to 0.85)

Table 2.   Adverse events per 100 person years and incidence rate ratios for SCD complications  (Continued)

a The incidence ratio was calculated as the rate of adverse events per 100 person-years in the transfusion group divided by the rate of
adverse events per 100 person-years in the observation group. The 95% confidence intervals were calculated with the use of the bootstrap
method with 10,000 replications.
b One child from the standard care group was excluded from these analyses due to a stroke on day 16 of the trial.
Abbreviation: CI: confidence interval
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Baseline 6 to 12 months 12 to 18 months 18 to 24 monthsTrial Intervention

Hb (g/L) Hb S (%) Hb (g/L) Hb S (%) Hb (g/L) Hb S (%) Hb (g/L) Hb S (%)

No previous long-term transfusions

Transfusion Median 77

IQR (72 to 84)

Median 85

90% CI

(51 to 95)

- Median 30

90% CI

(17 to 43)

- Median 29

90% CI

(16 to 43)

- Median 30

90% CI

(16 to 43)

SIT 2014

Standard Median 79

IQR (74 to 89)

- - - - - - -

Transfusion Mean (SD) 72 (8) Mean (SD) 87 (10) - - - - - -STOP
1998

Standard Mean (SD) 76 (7) Mean (SD) 87 (7) - - - - - -

Previous long-term transfusions

Transfusion Mean (SD)

93 (9)

Mean (SD)

21 (8.6)

Mean (SD)

94 (9)

Mean (SD)

25.4 (10.9)

- - - -STOP 2
2005

Standard Mean (SD)

98 (12)

Mean (SD)

19 (11)

Mean (SD)

77 (8)

Mean (SD)

81.0 (8.6)

- - - -

Table 3.   Mean or median haemoglobin (Hb) levels and HbS percentage  (Continued)

Abbreviations: CI: confidence interval; IQR: interquartile range; SD: standard deviation
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Trial Number of transfu-
sions

Number of HbS levels
measured

HbS less than
30%

HbS 30 to 40% HbS greater than
40%

No previous long-term transfusions

STOP 1998 1521 - - 101 42

Previous long-term transfusions

STOP 2 2005 1070 988 748 (76%) 192 (19%) 48 (5%)

Table 4.   Pre-transfusion Haemoglobin S levels 

 

 

A P P E N D I C E S

Appendix 1. Search Strategies

CENTRAL (CENTRAL & DARE) (issue 4, 2016; issue 2, 2015 respectively)

#1 MeSH descriptor: [Anemia, Sickle Cell] explode all trees

#2 MeSH descriptor: [Hemoglobin, Sickle] explode all trees

#3 ("hemoglobin S" or "haemoglobin S" or "hemoglobin SC" or "haemoglobin SC" or "hemoglobin SE" or "haemoglobin SE" or
"hemoglobin SS" or "haemoglobin SS" or "hemoglobin C disease" or "hemoglobin D disease" or "hemoglobin E disease" or "haemoglobin
C disease" or "haemoglobin D disease" or "haemoglobin E disease" or "Hb SC" or HbSC or HbAS or HbSS or HbAC or "Hb SE" or "Hb SS"
or "Hb C disease" or "Hb D disease" or "Hb E disease" or "SC disease" or "SC diseases")

#4 (sickle cell* or sicklemia or sickled or sickling or meniscocyt* or drepanocyt*)

#5 (sickle and SCD)

#6 ((Hb S or HbS or sickle) near/3 (disease* or thalassemi* or thalassaemi*))

#7 #1 or #2 or #3 or #4 or #5 or #6

#8 MeSH descriptor: [Cerebrovascular Disorders] explode all trees

#9 ((brain* or cerebr* or vertebrobasil* or hemispher* or intracran* or intracerebral or infratentorial or supratentorial or MCA* or anterior
circulation or basilar artery or vertebral artery or subcortical or cortical or choroidal) near/5 (ischemi* or ischaemi* or infarct* or thrombo*
or phlebothrombo* or stenosis or emboli* or occlus* or vaso-occlus* or vasocclus* or vasooclus* or obstruction* or hypoxi* or accident* or
abnormalit* or vasculopath* or vasospasm* or disorder* or damage* or disease* or lesion* or insuFicien*))

#10 ((ischemi* or ischaemi*) near/5 (apoplex* or attack* or accident* or seizure* or arrest* or injur* or failure* or lesion* or insult*))

#11 (stroke* or CVA or silent infarct* or incomplete infarct*)

#12 MeSH descriptor: [Cerebrovascular Circulation] explode all trees

#13 MeSH descriptor: [Ultrasonography, Doppler, Transcranial] this term only

#14 (transcranial* near/3 (doppler or ultrasound or sonograph* or ultrasonograph*))

#15 ((brain* or cerebr* or vertebrobasil* or hemispher* or intracran* or intracerebral or infratentorial or supratentorial or MCA* or anterior
circulation or basilar artery or vertebral artery or subcortical or cortical or choroidal) near/3 (hemodynamics or haemodynamics or blood
flow or blood velocit* or volume))

#16 MeSH descriptor: [Cerebral Arteries] explode all trees

#17 MeSH descriptor: [Blood Volume Determination] this term only
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#18 MeSH descriptor: [Blood Flow Velocity] this term only

#19 (TCD near/3 (flow* or velocit*))

#20 #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19

#21 #7 and #20

MEDLINE (OvidSP, Epub Ahead of Print, In-Process & Other Non-Indexed Citations, 1946 to 4 April 2016)

1. exp Anemia, Sickle Cell/

2. Hemoglobin, Sickle/

3. (h?emoglobin S or h?emoglobin SC or h?emoglobin SE or h?emoglobin SS or h?emoglobin C disease or h?emoglobin D disease or h?
emoglobin E disease or Hb SC or HbSC or HbAS or HbSS or HbAC or Hb SE or Hb SS or Hb C disease or Hb D disease or Hb E disease or
SC disease*).tw,kf.

4. (sickle cell* or sicklemia or sickled or sickling or meniscocyt* or drepanocyt*).tw,kf.

5. (sickle and SCD).tw,kf.

6. ((Hb S or HbS or sickle) adj3 (disease* or thalass?emi*)).tw,kf.

7. or/1-6

8. exp Cerebrovascular Disorders/

9. ((brain* or cerebr* or vertebrobasil* or hemispher* or intracran* or intracerebral or infratentorial or supratentorial or MCA* or anterior
circulation or basilar artery or vertebral artery or subcortical or cortical or choroidal) adj5 (isch?emi* or infarct* or thrombo* or
phlebothrombo* or stenosis or emboli* or occlus* or vaso-occlus* or vasocclus* or vasooclus* or obstruction* or hypoxi* or accident* or
abnormalit* or vasculopath* or vasospasm* or disorder* or damage* or disease* or lesion* or insuFicien*)).tw,kf.

10. (isch?emi* adj5 (apoplex* or attack* or accident* or seizure* or arrest* or injur* or failure* or lesion* or insult*)).tw,kf.

11. (stroke* or CVA or silent infarct* or incomplete infarct*).tw,kf.

12. or/8-11

13. exp Cerebrovascular Circulation/

14. Ultrasonography, Doppler, Transcranial/

15. (transcranial adj3 (doppler or ultrasound or sonograph* or ultrasonograph*)).tw,kf.

16. ((brain* or cerebr* or vertebrobasil* or hemispher* or intracran* or intracerebral or infratentorial or supratentorial or MCA* or anterior
circulation or basilar artery or vertebral artery or subcortical or cortical or choroidal) adj3 (h?emodynamics or blood flow or blood velocit*
or volume)).tw,kf.

17. exp Cerebral Arteries/us

18. Blood Volume Determination/

19. Blood Flow Velocity/

20. (TCD adj3 (flow* or velocit*)).tw,kf.

21. or/13-20

22. 12 or 21

23. 7 and 22

Embase (OvidSP, 1974 to 4 April 2016)

1. exp Sickle Cell Anemia/

2. Hemoglobin S/
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3. (h?emoglobin S or h?emoglobin SC or h?emoglobin SE or h?emoglobin SS or h?emoglobin C disease or h?emoglobin D disease or h?
emoglobin E disease or Hb SC or HbSC or HbAS or HbSS or HbAC or Hb SE or Hb SS or Hb C disease or Hb D disease or Hb E disease or
SC disease*).tw.

4. (sickle cell* or sicklemia or sickled or sickling or meniscocyt* or drepanocyt*).tw.

5. (sickle and SCD).tw.

6. ((Hb S or HbS or sickl*) adj3 (disease* or thalass?emi*)).tw.

7. or/1-6

8. exp Cerebrovascular Disease/

9. (isch?emi* adj5 (apoplex* or attack* or accident* or seizure* or arrest* or injur* or failure* or lesion* or insult*)).tw.

10. ((brain* or cerebr* or vertebrobasil* or hemispher* or intracran* or intracerebral or infratentorial or supratentorial or MCA* or
anterior circulation or basilar artery or vertebral artery or subcortical or cortical or choroidal) adj5 (isch?emi* or infarct* or thrombo* or
phlebothrombo* or stenosis or emboli* or occlus* or vaso-occlus* or vasocclus* or vasooclus* or obstruction* or hypoxi* or accident* or
abnormalit* or vasculopath* or vasospasm* or disorder* or damage* or disease* or lesion* or insuFicien*)).tw.

11. (stroke* or CVA or silent infarct* or incomplete infarct*).tw.

12. or/8-11

13. exp Brain Circulation/

14. Doppler Echography/

15. exp Brain Artery/

16. Brain Blood Volume/

17. Blood Flow Velocity/

18. (TCD adj3 (flow* or velocit*)).tw.

19. ((brain* or cerebr* or vertebrobasil* or hemispher* or intracran* or intracerebral or infratentorial or supratentorial or MCA* or anterior
circulation or basilar artery or vertebral artery or subcortical or cortical or choroidal) adj3 (h?emodynamics or blood flow or blood velocit*
or volume)).tw.

20. (transcranial adj3 (doppler or ultrasound or sonograph* or ultrasonograph*)).tw.

21. or/13-20

22. 12 or 21

23. 7 and 22

CINAHL (EBSCOHost, 1937 to 4 April 2016)

S1 (MH "Anemia, Sickle Cell+")

S2 TX ("hemoglobin S" or "haemoglobin S" or "hemoglobin SC" or "haemoglobin SC" or "hemoglobin SE" or "haemoglobin SE" or
"hemoglobin SS" or "haemoglobin SS" or "hemoglobin C disease" or "hemoglobin D disease" or "hemoglobin E disease" or "haemoglobin
C disease" or "haemoglobin D disease" or "haemoglobin E disease" or "Hb SC" or HbSC or HbSS or HbAC or "Hb SE" or "Hb SS" or "Hb
C disease" or "Hb D disease" or "Hb E disease" or "SC disease" or "SC diseases" OR sickle cell* or sicklemia or sickled or sickling or
meniscocyt* or drepanocyt*)

S3 TX ((Hb S or HbS or sickle) N3 (disease* or thalass?emi*))

S4 S1 OR S2 OR S3

S5 (MH "Cerebrovascular Disorders+") S6 TX ((brain* or cerebr* or vertebrobasil* or hemispher* or intracran* or intracerebral or
infratentorial or supratentorial or MCA* or anterior circulation or basilar artery or vertebral artery or subcortical or cortical or choroidal)
N5 (ischemi* or ischaemi* or infarct* or thrombo* or phlebothrombo* or stenosis or emboli* or occlus* or vaso-occlus* or vasocclus* or
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vasooclus* or obstruction* or hypoxi* or accident* or abnormalit* or vasculopath* or vasospasm* or disorder* or damage* or disease* or
lesion* or insuFicien*))

S7 TX ((ischemi* or ischaemi*) N5 (apoplex* or attack* or accident* or seizure* or arrest* or injur* or failure* or lesion* or insult*))

S8 TX (stroke* or CVA or silent infarct* or incomplete infarct*)

S9 (MH "Cerebrovascular Circulation+")

S10 (MH "Ultrasonography, Doppler, Transcranial")

S11 TX (transcranial N3 (doppler or ultrasound or sonograph* or ultrasonograph*))

S12 TX ((brain* or cerebr* or vertebrobasil* or hemispher* or intracran* or intracerebral or infratentorial or supratentorial or MCA* or
anterior circulation or basilar artery or vertebral artery or subcortical or cortical or choroidal) N3 (hemodynamics or haemodynamics or
blood flow or blood velocit* or volume))

S13 (MH "Cerebral Arteries+/US")

S14 (MH "Blood Volume Determination") S15 (MH "Blood Flow Velocity") S16 (TCD N3 (flow* or velocit*))

S17 S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16

S18 S4 AND S17

S19 (MH Clinical Trials+)

S20 PT Clinical Trial

S21 TI ((controlled trial*) or (clinical trial*)) OR AB ((controlled trial*) or (clinical trial*))

S22 TI ((singl* blind*) OR (doubl* blind*) OR (trebl* blind*) OR (tripl* blind*) OR (singl* mask*) OR (doubl* mask*) OR (tripl* mask*)) OR AB
((singl* blind*) OR (doubl* blind*) OR (trebl* blind*) OR (tripl* blind*) OR (singl* mask*) OR (doubl* mask*) OR (tripl* mask*))

S23 TI randomi* OR AB randomi*

S24 MH RANDOM ASSIGNMENT

S25 TI ((phase three) or (phase III) or (phase three)) or AB ((phase three) or (phase III) or (phase three))

S26 ( TI (random* N2 (assign* or allocat*)) ) OR ( AB (random* N2 (assign* or allocat*)) )

S27 MH PLACEBOS

S28 MH META ANALYSIS

S29 MH SYSTEMATIC REVIEW

S30 TI ("meta analys*" OR metaanalys* OR "systematic review" OR "systematic overview" OR "systematic search*") OR AB ("meta analys*"
OR metaanalys* OR "systematic review" OR "systematic overview" OR "systematic search*")

S31 TI ("literature review" OR "literature overview" OR "literature search*") OR AB ("literature review" OR "literature overview" OR
"literature search*")

S32 TI (cochrane OR embase OR cinahl OR cinhal OR lilacs OR BIDS OR science AND citation AND index OR cancerlit) OR AB (cochrane OR
embase OR cinahl OR cinhal OR lilacs OR BIDS OR science AND citation AND index OR cancerlit)

S33 TI placebo* OR AB placebo*

S34 MH QUANTITATIVE STUDIES

S35 S19 or S20 or S21 or S22 or S23 or S24 or S25 or S26 or S27 or S28 or S29 or S30 or S31 or S32 or S33 or S34

S36 S18 AND S35

PubMed (for epublications ahead of print, in-process & other non-indexed citations only on 4 April 2016)
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Cochrane Database of Systematic Reviews

#1 ("hemoglobin S" OR "haemoglobin S" OR "hemoglobin SC" OR "haemoglobin SC" OR "hemoglobin SE" OR "haemoglobin SE"
OR "hemoglobin SS" OR "haemoglobin SS" OR "hemoglobin C disease" OR "hemoglobin D disease" OR "hemoglobin E disease" OR
"haemoglobin C disease" OR "haemoglobin D disease" OR "haemoglobin E disease" OR "Hb SC" OR HbSC OR HbAS OR HbSS OR HbAC OR
"Hb SE" OR "Hb SS" OR "Hb C disease" OR "Hb D disease" OR "Hb E disease" OR "SC disease" OR "SC diseases" OR sickle* OR sickled OR
sickling OR meniscocyt* OR drepanocyt*)

#2 (("Hb S" OR HbS) AND (disease* OR thalassemi* OR thalassaemi*))

#3 #1 OR #2

#4 ((ischemi* OR ischaemi*) AND (apoplex* OR attack* OR accident* OR seizure* OR arrest* OR injur* OR failure* OR lesion* OR insult*))

#5 (stroke* OR CVA OR silent infarct* OR incomplete infarct*)

#6 (transcranial* AND (doppler OR ultrasound OR sonograph* OR ultrasonograph*))

#7 ((brain OR brains OR cerebral OR cerebrovascular OR cerebro-vascular OR vertebrobasil* OR hemispher* OR intracran* OR intracerebral
OR infratentorial OR supratentorial OR MCA OR "anterior circulation" OR "basilar artery" OR "vertebral artery" OR subcortical OR cortical
OR choroidal) AND (hemodynamics OR haemodynamics OR "blood flow" OR blood velocit* OR volume))

#8 (TCD AND (flow* OR velocit*))

#9 #4 OR #5 OR #6 OR #7 OR #8

#10 #3 AND #9

TRANSFUSION EVIDENCE LIBRARY (1950 to April 4 2016)

sickle AND (ischemic OR ischaemic OR ischemia OR ischaemia OR stroke OR infarct OR doppler OR transcranial OR ultrasound OR
sonography OR ultrasonography)

LILACS (1982 to April 4 2016)

tw:(sickle) AND (instance:"regional") AND ( db:("LILACS") AND type_of_study:("clinical_trials"))

IndMed (1986 to April 4 2016)

(sickle OR sickled OR sickling OR SC disease) AND (ischemic OR ischaemic OR ischemia OR ischaemia OR stroke OR strokes OR subcortical
OR cortical OR choroidal OR infarct OR infarcts OR doppler OR transcranial OR ultrasound OR sonography OR ultrasonography) AND
(random OR randomly OR randomised OR randomized OR blind OR blinded OR control group OR placebo OR controlled study OR groups
OR trial OR trials OR systematic review OR meta-analysis OR metaanalysis OR literature search OR medline OR pubmed OR cochrane OR
embase)

KoreaMed (1997 to April 4 2016)

sickle [TI] OR sickle [AB] "Randomized Controlled Trial" [PT]

Web of Science CPCI-S (Conference Proceedings Citation Index- Science (CPCI-S) - 1990 to to April 4 2016)

TOPIC: (sickle OR sickled OR sickling) AND

TOPIC: (ischemic OR ischaemic OR ischemia OR ischaemia OR stroke OR strokes OR infarct OR infarcts OR brain OR hemisphere* OR
intracranial OR intracerebral OR cerebral OR cerebrovascular OR subcortical OR cortical OR choroidal OR doppler OR transcranial OR
ultrasound OR sonography OR ultrasonography) AND

TOPIC: (randomly OR randomised OR randomized OR blind OR blinded OR control group OR placebo OR controlled study OR groups OR trial
OR trials OR systematic review OR meta-analysis OR metaanalysis OR literature search OR medline OR pubmed OR cochrane OR embase)

ClinicalTrials.gov

Search Terms: ischemia OR stroke OR infarct OR brain OR hemisphere OR intracranial OR intracerebral OR cerebral OR cerebrovascular OR
subcortical OR cortical OR choroidal OR doppler OR transcranial OR ultrasound OR sonography OR ultrasonography

Condition: sickle cell anemia

Study Type: Interventional Studies
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WHO ICTRP

Title/Intervention: ischemia OR stroke OR infarct OR brain OR hemisphere OR intracranial OR intracerebral OR cerebral OR cerebrovascular
OR subcortical OR cortical OR choroidal OR doppler OR transcranial OR ultrasound OR sonography OR ultrasonography

Condition: sickle cell anemia

Recruitment Status: ALL

W H A T ' S   N E W

 

Date Event Description

19 January 2017 Amended Minor corrections have been made in several sections of the re-
view.

 

H I S T O R Y

Protocol first published: Issue 3, 2001
Review first published: Issue 1, 2002

 

Date Event Description

12 January 2017 New search has been performed Two new trials have been added to the review (SIT 2014; TWiTCH
2016).

One trial, previously listed in 'Ongoing studies' has been moved
to 'Excluded studies' (SCATE 2015).

12 January 2017 New citation required but conclusions
have not changed

This update has included GRADE assessment of the quality of the
evidence.

13 November 2014 New search has been performed A search of the Cystic Fibrosis and Genetic Disorders Group's
Haemoglobinopathies Trials Register identified: three addition-
al references to the SWiTCH study (SWiTCH 2012); one additional
reference to the STOP trial; two references reporting on both the
STOP and the STOP II trials (STOP 1998; STOP 2 2005); and one
additional reference to the ongoing SIT trial (SIT 2014).

6 November 2013 New search has been performed A Search of the Cochrane Cystic Fibrosis and Genetic Disorders
Group's Haemoglobinopathies Trials Register identified six addi-
tional references to two already included trials (STOP 1998; STOP
2 2005) and 11 additional references to two trials previously list-
ed in Ongoing studies (SIT 2014; SWiTCH 2012). The SWiTCH 2012
trial has now been listed as an included study. Two further stud-
ies have been included in the ongoing studies section of the re-
view (SCATE 2015; TWiTCH 2016).

The title has been amended to include the terms 'primary and
secondary'.

6 November 2013 New citation required but conclusions
have not changed

The inclusion of additional trials resulted in only minor amend-
ments to the conclusion section of the review.

22 May 2009 New search has been performed A search of the Group's Trials Register did not identify any new
references which may have been eligible for inclusion in this re-
view.
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31 July 2008 New search has been performed A search of the Group's Haemoglobinopathies Trials Register
identified no new trials potentially eligible for inclusion in the re-
view.

31 July 2008 Amended Converted to new review format.

1 August 2007 New search has been performed A search of the Trials Register identified a total of 10 new refer-
ences. Eight were of the STOP trials (two of which refer to both
the STOP 1998 and STOP 2 2005 trials and so appear in both
lists (Adamkiewicz 2006; Kwiatkowski 2002)): six new references
to the STOP trial (STOP 1998) as follows (Adamkiewicz 2006;
Kwiatkowski 2002; Kwiatkowski 2006; Lee 2006; Lezcano 2006;
Wang 2005).

The search also identified a further two abstracts (DeBaun 2005;
Ware 2006) which have been listed in the 'Ongoing studies' sec-
tion of the review.

1 February 2006 New search has been performed A search of the Trials Register identified seven new references to
the included trial (STOP 1998) as follows: Abboud 2004; Adams
2004; Bulas 2000; Gates 2002; Hsu 2003; Kwiatkowski 2002;
Kwiatkowski 2003.

It has also been reported that the STOP 2 2005 trial has been ter-
minated early, although published findings are not yet available.

31 August 2004 New search has been performed A search of the trials register identified no new trials eligible for
inclusion in the review.

31 August 2003 New search has been performed Additional references to the already included STOP 1998 study
have been added. However, no new data have been found.

The references added to the STOP 1998 study ID were:
Adams 1998
Wang 1998
Adams 2002
Files 2002

30 September 2002 New search has been performed Additional references to the already included STOP 1998 study
have been added. Therefore, further results are presented on the
following outcomes -

1. Transfusion related complications
2. Incidence of transient ischaemic attack or silent infarction
3. Incidence of other sickle cell complications

The references added to the STOP 1998 study ID were:

Abbound 1999
Adams 1996
Adams 1997
Adams 1999 - two references
Adams 2001
Duncan 1997
Kutlar 2000
Lee 2002
Nichols 2001
Miller 2000 - two references
Miller 2001
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Pegelow 1999
Pegelow 2001
Vichinsky 1999
Vichinsky 2001

 

C O N T R I B U T I O N S   O F   A U T H O R S

The original review was conceived by the Cochrane Cystic Fibrosis and Genetic Disorders Group and designed by Dr Hirst (née Riddington).

In this most recent update all listed authors contributed to the review.

Lise Estcourt: searching; selection of trials; eligibility assessment; content expert, and review content update and development.
Patricia Fortin: searching; selection of trials; eligibility assessment; and review content update and development.
Sally Hopewell: methodological expert and review development.
Marialena Trivella: statistical and methodological expert and review development
Winfred Wang: protocol development, review development and content expert.

D E C L A R A T I O N S   O F   I N T E R E S T

Lise Estcourt: partly funded by the NIHR Cochrane Programme Grant - Safe and Appropriate Use of Blood Components.
Patricia Fortin: funded by the NIHR Cochrane Programme Grant - Safe and Appropriate Use of Blood Components.
Sally Hopewell: partly funded by the NIHR Cochrane Programme Grant - Safe and Appropriate Use of Blood Components.
Marialena Trivella: partly funded by the NIHR Cochrane Programme Grant - Safe and Appropriate Use of Blood Components.
Winfred Wang: was a PI on several of the included trials (STOP 1998; STOP 2 2005; SWiTCH 2012). He has been a consultant for: Celgene (at
a one-day meeting involving an anti-sickling drug); and Baxter (at a one-day meeting involving gene therapy for haemoglobinopathies).
These consultancies did not involve treatment that would be used in the management of stroke in people with SCD.

S O U R C E S   O F   S U P P O R T

Internal sources

• No sources of support supplied

External sources

• National Institute for Health Research, UK.

This systematic review was supported by the National Institute for Health Research, via Cochrane Infrastructure funding to the Cochrane
Cystic Fibrosis and Genetic Disorders Group.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

The title has been amended to include the terms 'primary and secondary'.

Excluded quasi-randomised trials.

New subgroups TCD and silent cerebral infarcts.

Excluded outcome of SCI as it is being addressed within another review (Estcourt 2016).

Includes cluster-randomised trials.

Included Summary of Findings tables.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Erythrocyte Transfusion  [adverse eFects];  *Primary Prevention;  *Secondary Prevention;  Anemia, Sickle Cell  [blood]  [*complications];
  Antisickling Agents  [adverse eFects]  [therapeutic use];  Blood Transfusion;  Early Termination of Clinical Trials;  Hemoglobin, Sickle;
  Hydroxyurea  [adverse eFects]  [therapeutic use];  Iron Chelating Agents  [therapeutic use];  Phlebotomy  [adverse eFects];  Stroke
 [etiology]  [*prevention & control]
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MeSH check words

Adolescent; Child; Child, Preschool; Humans; Young Adult
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