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ABSTRACT

Background

Sickle cell disease (SCD) is one of the commonest severe monogenic disorders in the world, due to the inheritance of two abnormal
haemoglobin (beta globin) genes. SCD can cause severe pain, significant end-organ damage, pulmonary complications, and premature
death. Silent cerebral infarcts are the commonest neurological complication in children and probably adults with SCD. Silent cerebral
infarcts also affect academic performance, increase cognitive deficits and may lower intelligence quotient.

Objectives

To assess the effectiveness of interventions to reduce or prevent silent cerebral infarcts in people with SCD.

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 14 November 2019. We searched the Cochrane Cystic Fibrosis and Genetic
Disorders Group Trials Register: 07 October 2019.

Selection criteria

Randomised controlled trials comparing interventions to prevent silent cerebral infarcts in people with SCD. There were no restrictions by
outcomes examined, language or publication status.

Data collection and analysis

We used standard Cochrane methodological procedures.

Main results

We included five trials (660 children or adolescents) published between 1998 and 2016. Four of the five trials were terminated early. The
vast majority of participants had the haemoglobin (Hb)SS form of SCD. One trial focused on preventing silent cerebral infarcts or stroke;
three trials were for primary stroke prevention and one trial dealt with secondary stroke prevention.

Interventions for preventing silent cerebral infarcts in people with sickle cell disease (Review) 1
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Three trials compared the use of regular long-term red blood cell transfusions to standard care. Two of these trials included children with
no previous long-term transfusions: one in children with normal transcranial doppler (TCD) velocities; and one in children with abnormal
TCD velocities. The third trial included children and adolescents on long-term transfusion.

Two trials compared the drug hydroxyurea 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 moderate to very low across different outcomes according to GRADE methodology. This was due to trials
being at high risk of bias because they were unblinded; indirectness (available evidence was only for children with HbSS); and imprecise
outcome estimates.

Long-term red blood cell transfusions versus standard care

Children with no previous long-term transfusions and higher risk of stroke (abnormal TCD velocities or previous history of silent cerebral
infarcts)

Long-term red blood cell transfusions may reduce the incidence of silent cerebral infarcts in children with abnormal TCD velocities, risk
ratio (RR) 0.11 (95% confidence interval (CI) 0.02 to 0.86) (one trial, 124 participants, low-quality evidence); but make little or no difference
to the incidence of silent cerebral infarcts in children with previous silent cerebral infarcts on magnetic resonance imaging and normal or
conditional TCDs, RR 0.70 (95% Cl 0.23 to 2.13) (one trial, 196 participants, low-quality evidence).

No deaths were reported in either trial.

Long-term red blood cell transfusions may reduce the incidence of: acute chest syndrome, RR 0.24 (95% CI 0.12 to 0.49) (two trials, 326
participants, low-quality evidence); and painful crisis, RR 0.63 (95% Cl 0.42 to 0.95) (two trials, 326 participants, low-quality evidence); and
probably reduces the incidence of clinical stroke, RR 0.12 (95% CI 0.03 to 0.49) (two trials, 326 participants, moderate-quality evidence).

Long-term red blood cell transfusions may improve quality of life in children with previous silent cerebral infarcts (difference estimate
-0.54;95% confidence interval -0.92 to -0.17; one trial; 166 participants), but may have no effect on cognitive function (least squares means:
1.7,95% CI -1.1 to 4.4) (one trial, 166 participants, low-quality evidence).

Transfusions continued versus transfusions halted: children and adolescents with normalised TCD velocities (79 participants; one trial)

Continuing red blood cell transfusions may reduce the incidence of silent cerebral infarcts, RR 0.29 (95% Cl 0.09 to 0.97 (low-quality
evidence).

We are very uncertain whether continuing red blood cell transfusions has any effect on all-cause mortality, Peto odds ratio (OR) 8.00 (95%
C10.16 to 404.12); or clinical stroke, RR 0.22 (95% CI 0.01 to 4.35) (very low-quality evidence).

The trial did not report: comparative numbers for SCD-related adverse events; quality of life; or cognitive function.
Hydroxyurea and phlebotomy versus transfusions and chelation
Primary prevention, children (121 participants; one trial)

We are very uncertain whether switching to hydroxyurea and phlebotomy has any effect on: silent cerebral infarcts (no infarcts); all-cause
mortality (no deaths); risk of stroke (no strokes); or SCD-related complications, RR 1.52 (95% CI 0.58 to 4.02) (very low-quality evidence).

Secondary prevention, children and adolescents with a history of stroke (133 participants; one trial)

We are very uncertain whether switching to hydroxyurea and phlebotomy has any effect on: silent cerebral infarcts, Peto OR 7.28 (95%
Cl 0.14 to 366.91); all-cause mortality, Peto OR 1.02 (95%Cl 0.06 to 16.41); or clinical stroke, RR 14.78 (95% CI 0.86 to 253.66) (very low-
quality evidence).

Switching to hydroxyurea and phlebotomy may increase the risk of SCD-related complications, RR 3.10 (95% Cl 1.42 to 6.75) (low-quality
evidence).

Neither trial reported on quality of life or cognitive function.
Authors' conclusions
We identified no trials for preventing silent cerebral infarcts in adults, or in children who do not have HbSS SCD.

Long-term red blood cell transfusions may reduce the incidence of silent cerebral infarcts in children with abnormal TCD velocities, but may
have little or no effect on children with normal TCD velocities. In children who are at higher risk of stroke and have not had previous long-
term transfusions, long-term red blood cell transfusions probably reduce the risk of stroke, and other SCD-related complications (acute
chest syndrome and painful crises).
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In children and adolescents at high risk of stroke whose TCD velocities have normalised, continuing red blood cell transfusions may reduce
the risk of silent cerebral infarcts. No treatment duration threshold has been established for stopping transfusions.

Switching to hydroxyurea with phlebotomy may increase the risk of silent cerebral infarcts and SCD-related serious adverse events in
secondary stroke prevention.

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

PLAIN LANGUAGE SUMMARY

Interventions to prevent silent strokes in people with sickle cell disease
Review question

We wanted to determine if there were any safe and effective interventions that prevent silent strokes (also known as silent cerebral infarcts)
in people with sickle cell disease (SCD).

Background

SCD 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 and crescent shaped. Sickled cells are not only
less flexible than healthy red blood cells, they are also stickier. This can lead to the 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 fewer red blood cells,
known as anaemia. Sickled red blood cells can block blood flow in vessels in the brain, leading to a silent stroke.

Silent strokes are common, occurring in up to 39% of people with SCD by 18 years of age. Two tests have been used to identify children
at higher risk of having a first stroke. Transcranial doppler ultrasonography (TCD) measures the speed of blood flowing through arteries in
the brain. Children with a high blood flow have an increased risk of stroke. Whereas magnetic resonance imaging (MRI) takes images of the
brain to see if there are any small areas of damage called silent strokes. Children with silent strokes have an increased risk of clinical stroke.

Treatments that have been considered for preventing silent strokes include long-term red blood cell transfusions, the drug hydroxyurea
and stem cell transplantation.

Search date
The evidence is current to: 14 November 2019.
Study characteristics

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 hydroxyurea. Trials were published between 1998 and 2016 and included
children and sometimes adolescents; the majority had one form of SCD (HbSS). No trials included stem cell transplantation.

All trials received government funding.
Key results

In children with abnormal TCD velocities, red blood cell transfusions may decrease the risk of silent strokes, but have little or no effect in
children with normal TCD velocities.

In children at higher risk of stroke (abnormal TCD velocities or previous silent stroke), red blood cell transfusions probably reduce the risk
of clinical stroke; may reduce the risk of acute chest syndrome and painful crisis; but we are very uncertain whether they have any effect
on the risk of death.

In children with normal TCD velocities and previous silent stroke, red blood cell transfusions may improve quality of life, but make little
or no difference to 1Q.

In children and adolescents who have had at least 12 months of regular red blood cell transfusions to prevent a stroke, continuing red
blood cell transfusions may reduce the risk of silent stroke, but we are very uncertain whether they have any effect on the risk of death
or clinical stroke.

For children on long-term red blood cell transfusions with iron chelation (treatment to remove excess iron) who have not had a stroke, we
are very uncertain whether switching to hydroxyurea with phlebotomy (withdrawing blood to reduce excess iron) has any effect on the risk
of a silent stroke, clinical stroke, death, or SCD-related complications.

Interventions for preventing silent cerebral infarcts in people with sickle cell disease (Review) 3
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For children and adolescents on long-term red blood cell transfusions and iron chelation who have had a clinical stroke, we are very
uncertain whether switching to hydroxyurea and phlebotomy has any effect on the risk of silent stroke or death. Switching to hydroxyurea
and phlebotomy may increase the risk of SCD-related complications.

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 blood cell transfusions reduce the risk of stroke. The quality of evidence was rated as low to very-low for the rest of the outcomes
including risk of silent cerebral infarcts 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.

Interventions for preventing silent cerebral infarcts in people with sickle cell disease (Review) 4
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Long-term RBC transfusion compared to standard care for prevention of SCl in people with SCD and

normal TCD velocities

Long-term RBC transfusion compared to standard care for prevention of SCI in people with SCD and normal TCD velocities

Patient or population: prevention of SCl in people with SCD and normal TCD velocities

Setting: outpatients

Intervention: long-term RBC transfusion

Comparison: standard care

Outcomes Anticipated absolute effects* (95% Cl) Relative effect  N¢ of partici- Quality of the Comments
(95% ClI) pants evidence
Risk with standard Risk with long-term RBC (studies) (GRADE)
care transfusion
Proportion of participants develop- ~ Trial population RR0.70 196 BPOO
ing new or progressive SCl lesions (0.23t02.13) (LRCT) LOwW 12
72 per 1000 51 per 1000
(17 to 154)
All-cause mortality No deaths occurred in either trial arm - 196 DO
(1RCT) Low13
SCD - related SAEs - ACS Trial population RR0.20 196 DO
(0.08 t0 0.51) (LRCT) LOwW 14
247 per 1000 49 per 1000
(20 to 126)
SCD-related SAEs - pain crisis Trial population RR 0.56 196 BPOO
(0.40t0 0.78) (1LRCT) LOw 14
577 per 1000 323 per 1000
(231 to 450)
Clinical stroke Trial population RRO0.14 196 DO
(0.02t0 1.12) (1RCT) Low 12
72 per 1000 10 per 1000
(1to 81)
Cognitive function Least square mean 1.7 (SE 95% Cl -1.1 to 4.4) - 196 PO Author reported
assessed with: WASI 1Q score (LRCT) LOwW 14 data from SIT

2014
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Quality of life Least square mean 1.7 (SE 95% Cl -1.1 to 4.4) Diference - 196 BPOO Author reported
assessed with: Child Health Ques- estimate -0.54 (-0.92 to -0.17) (LRCT) LOw 14 data from SIT
tionnaire Parent Form 50 2014

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

ACS: acute chest syndrome; Cl: confidence interval; RR: risk ratio; RBC: red blood cell; RCT: randomised controlled trial; SAEs: serious adverse events; SCD: sickle cell dis-
ease; SCI: silent cerebral infarcts; SE: standard error; TCD: transcranial doppler

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 indirectness. Only children with HbSS or HbSB° thalassaemia included. If this review was only considering the quality of
evidence for children with HbSS the quality of evidence would not have been downgraded for indirectness.

2 We downgraded the quality of evidence by 1 due to imprecision. The estimate has wide confidence intervals that include clinically relevant benefit and harm

3 We downgraded the quality of evidence by 1 due to imprecision. Rare event, no deaths occurred

4 We downgraded the quality of evidence by 1 due to high risk of bias. Performance bias, unblinded outcome assessment and high cross-over rates

Summary of findings 2. Long-term RBC transfusion compared to standard care for prevention of SCl in people with SCD and abnormal TCD velocities

Long-term RBC transfusion compared to standard care for prevention of SCl in people with SCD and abnormal TCD velocities

Patient or population: prevention of SCI in people with SCD and abnormal TCD velocities
Setting: outpatients

Intervention: long-term RBC transfusion

Comparison: standard care

Outcomes Anticipated absolute effects* (95% Cl) Relative effect Ne of partici- Quality of the Comments
(95% CI) pants evidence

Risk with standard  Risk with long-term RBC (studies) (GRADE)

care transfusion
Proportion of participants develop-  Trial population RRO.11 124 P00
ing new or progressive SCI lesions (0.02t0 0.86) (1 RCT) Low12

159 per 1000 18 per 1000

(3t0 137)
All-cause mortality No deaths occurred in either trial arm - 130 OO0
(1RCT)
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VERY LOW 234
SCD - related SAEs - ACS Trial population RR 0.30 130 ®B00
(0.11t0 0.87) (L RCT) LOW?23
209 per 1000 63 per 1000
(23 t0 182)
SCD-related SAEs - pain crisis Trial population RR0.90 130 OO0
(0.44 t0 1.86) (LRCT) VERY LOW 235
197 per 1000 177 per 1000
(87 to 366)
Clinical stroke Trial population RR0.10 130 BPOO
(0.01t00.73) (1RCT) LOW 12
164 per 1000 16 per 1000
(2 to 120)

Cogpnitive function - not reported - - - - -

Quality of life - not reported - = - R -

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

ACS: acute chest syndrome; Cl: confidence interval; RR: risk ratio; RCT: randomised controlled trial; SAEs: serious adverse events; SCD: sickle cell disease; SCI: silent cere-
bral infarcts; TCD: transcranial doppler

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 risk of bias. The analysis was not intention-to-treat

2 We downgraded the quality of evidence by 1 due to indirectness. Only children with HbSS or HbSB° thalassaemia included. If this review was only considering the quality of
evidence for children with HbSS the quality of evidence would not have been downgraded for indirectness.

3 We downgraded the quality of evidence by 1 due to risk of bias. Some outcome assessment not blinded and the trial was stopped early

4 We downgraded the quality of evidence by 1 due to imprecision. Rare event. No deaths occurred

5 We downgraded the quality of evidence by 1 due to imprecision. The estimate has wide Cls that include clinically relevant benefit and harm
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Summary of findings 3. Long-term RBC transfusions compared to standard care for SCD-related SAEs and clinical stroke in people with SCD at risk of

stroke and no previous long-term RBC transfusions

Long-term RBC transfusions compared to standard care for SCD-related SAEs and clinical stroke in people with SCD at risk of stroke and no previous long-term RBC
transfusions

Patient or population: SCD-related SAEs and clinical stroke in people with SCD at risk of stroke and no previous long-term RBC transfusions
Setting: outpatient

Intervention: long-term RBC transfusions

Comparison: standard care

Outcomes Anticipated absolute effects” (95% Cl) Relative effect Ne of partici- Quality of the Comments
(95% Cl) pants evidence
Risk with standard Risk with long-term RBC transfusions (studies) (GRADE)
care
SCD - related Trial population RRO0.24 326 DO
SAEs - ACS (0.12 to 0.49) (2 RCTs) Low 12
232 per 1000 56 per 1000
(28 to 114)
SCD-related SAEs  Trial population RR0.63 326 SPOO
- pain crisis (0.42 t0 0.95) (2 RCTs) LOow 12
421 per 1000 265 per 1000
(177 to 400)
Clinical stroke Trial population RRO0.12 326 ODDO
(0.03t0 0.49) (2 RCTs) MODERATE !
110 per 1000 13 per 1,000
(3 to 54)

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

ACS: acute chest syndrome: Cl: confidence interval; RR: risk ratio; RBC: red blood cells; RCT: randomised controlled trial; SAEs: serious adverse events; SCD: sickle cell dis-
ease

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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@ Data for the other outcomes for this SoF table are presented separately in Summary of findings for the main comparison (normal TCD velocities) and Summary of findings 2
(abnormal TCD velocities) We combined the data for these specific comparisons as they are objective outcomes and the status of TCD velocities does not impact these outcomes.

1 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

2 We downgraded the quality of the evidence by 1 due to indirectness (only children with HbSS or HbSR® thalassaemia included in studies). If this review was only considering

the quality of evidence for children with HbSS the quality of evidence would not have been downgraded for indirectness.

Summary of findings 4. Transfusions continued compared to transfusions halted for prevention of SCl in people with SCD and normalised TCD

velocities

Transfusions continued compared to transfusions halted for prevention of SCI in people with SCD and normalised TCD velocities

Patient or population: prevention of SCl in people with SCD and normalised TCD velocities

Setting: outpatients
Intervention: transfusions continued
Comparison: transfusions halted

Outcomes Anticipated absolute effects* (95% Cl) Relative effect N2 of partici- Quality of the Comments
(95% Cl) pants evidence
Risk with trans-  Risk with transfusions (studies) (GRADE)
fusions halted continued
Proportion of participants developing Trial population RR0.29 7 SDOO One patientin
new or progressive SCI lesions (0.09 t0 0.97) (LRCT) LOow 12 each group had
275 per 1000 80 per 1000 no follow-up
(25 to 267) MRI
All-cause mortality Low** Peto OR 8.00 79 flelelo)
(0.16t0 404.12)  (1RCT) VERY LOW 123
26 per 1000 208 per 1000
(410 10,507)
High
33 per 1000 264 per 1000
(5to0 13,336)
Clinical stroke Trial population RR0.22 79 lelelo)
(0.01 to 4.35) (LRCT) VERY LOW 123
49 per 1000 11 per 1000
(0to 212)

Kieaqi (JF)
aueayrory \

‘yyeay 19199
*SUOISII3P pawioju]
*32UBPINS pashiL

SM3IADY J13BWSISAS JO seqeleq auelyd0)



“p¥7 ‘suos 13 A31IM uyor Aq paysiiqnd ‘uoneioqe|jod aueyd0) ay 1 020z @ y3uAdod

(ma1nay) aseasip 1192 apydis yym ajdoad ui s1aaejul |eaga19d Jud)is Suruanasd 1oy SUOIIUBAIIU|

0T

SCD-related SAEs - ACS See comment - 79 ICIolC) No compara-
(1RCT) VERY LOW 124 tive numbers

reported
SCD-related SAEs - pain crisis See comment - 79 Iclcle] No compara-
(1RCT) VERY LOW 124 tive numbers

reported

Cognitive function - not reported = = - - -

Quality of life - not reported - = - - -

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
** Mortality risk for control estimates from: Leikin 1989

ACS: acute chest syndrome; Cl: confidence interval; RCT: randomised controlled trial; RR: risk ratio; SAEs: serious adverse events; SCD: sickle cell disease; SCI: silent cere-
bral infarcts; TCD: transcranial doppler

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 risk of bias. There was no description of allocation concealment, there was a risk of performance bias, and the trial was
stopped early

2 We downgraded the quality of evidence by 1 due to indirectness. Only children with HbSS or HbSB° thalassaemia included in the trial. If this review was only considering the
quality of evidence for children with HbSS the quality of evidence would not have been downgraded for indirectness.

3 We downgraded the quality of evidence by 1 due to imprecision. The estimate has wide Cls that include clinically relevant benefit and harm

4 We downgraded the quality of evidence by 1 due to imprecision. No comparative numbers were provided

Summary of findings 5. Hydroxyurea compared to RBC transfusions for prevention of SCI in people with SCD who have not had a stroke (primary
prevention)

Hydroxyurea compared to RBC transfusions for prevention of SCl in people with SCD who have not had a stroke (primary prevention)

Patient or population: prevention of SCI in people with SCD who have not had a stroke (primary prevention)
Setting: outpatients

Intervention: hydroxyurea

Comparison: RBC transfusions
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Outcomes Anticipated absolute effects* (95% Cl) Relative effect  N¢ of partici- Quality of the evi- Comments
(95% Cl) pants dence
Risk with RBC Risk with hydroxyurea (studies) (GRADE)
transfusions
Proportion of participants develop- No SCls occurred in either trial arm - 121 @000
ing new or progressive SCl lesions (1RCT) VERY LOW 123
All-cause mortality No deaths occurred in either trial arm - (LRCT) lelele]
VERY LOW 123
SCD-related SAEs - ACS Trial population RR2.03 121 BOOO
(0.39t0 10.69) (1 RCT) VERY LOW 134
33 per 1000 67 per 1000
(13 to 350)
SCD-related SAEs - pain crisis Trial population RR 5.08 121 B0
(0.61t042.23) (LRCT) VERY LOW 134
16 per 1000 83 per 1000
(10 to 692)
Clinical stroke No strokes occurred in either trial arm - 121 SO
(LRCT) VERY LOW 123

Cogpnitive function - not reported

Quality of life - not reported

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

ACS: acute chest syndrome; Cl: confidence interval; RBC: red blood cells; RCT: randomised controlled trial; RR: risk ratio; SAEs: serious adverse events; SCD: sickle cell dis-

ease; SCI: silent cerebral infarcts

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 indirectness. Only children with HbSS or HbSB° thalassaemia included. If this review was only considering the quality of
evidence for children with HbSS the quality of evidence would not have been downgraded for indirectness.
2 We downgraded the quality of evidence by 1 due to imprecision. Rare events. No SCls or strokes occurred
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3 We downgraded the quality of evidence by 1 due to risk of bias. Trial was stopped early some outcomes assessed without blinding

4 We downgraded the quality of evidence by 1 due to imprecision. Estimate has wide confidence intervals that include both clinically relevant benefits and harms

Summary of findings 6. Hydroxyurea compared to RBC transfusion for prevention of SCl in people with SCD who had a stroke (secondary prevention)

Hydroxyurea compared to RBC transfusion for prevention of SCI in people with SCD who had a stroke (secondary prevention)

Patient or population: prevention of SCl in people with SCD who had a stroke (secondary prevention)

Setting: outpatients
Intervention: hydroxyurea
Comparison: RBC transfusion

Outcomes Anticipated absolute effects” (95% Cl) Relative effect Ne of partici- Quality of the Comments
(95% ClI) pants evidence
Risk with RBC Risk with hydroxyurea (studies) (GRADE)
transfusion
Proportion of participants de-  Moderate Peto OR7.28 133 ®OOO
veloping new or progressive (0.14 to 366.91) (1RCT) VERY LOW 123
SCl lesions 72 per 1000 524 per 1000
(10 to 26,418)
All-cause mortality Low** OR1.02 133 lelelo)
(0.06 to 16.41) (LRCT) VERY LOW 123
26 per 1000 208 per 1000
(410 10,507)
High
33 per 1000 264 per 1000
(5 to 13,336)
SCD-related SAEs - ACS Trial population RR0.33 133 lelelo)
(0.04 to 3.08) (1LRCT) VERY LOW 123
45 per 1000 15 per 1000
(2 to 140)
SCD-related SAEs - pain crisis Trial population RR 3.15 133 SDOO
(1.23t08.11) (1RCT) LOW 12
76 per 1000 239 per 1000
(93 to 614)
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Clinical stroke Moderate RR 14.78 133 OO
(0.86 to 253.66) (LRCT) VERY LOW 123

72 per 1000 1000 per 1000
(62 to 1000)

Cognitive function - not report- - - B, B B
ed

Quality of life - not reported - - - - R

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
**Mortality risk for control estimates from: Leikin 1989

ACS: acute chest syndrome; Cl: confidence interval; RCT: randomised controlled trial; RR: risk ratio; OR: odds ratio; SAEs: serious adverse events; SCI: silent cerebral in-
farcts

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 1 due to risk of bias. Trial was not blinded and was stopped early

2 We downgraded the quality of the evidence by 1 due to indirectness. Only children with HbSS and HbSR° thalassaemia were included. If this review was only considering the
quality of evidence for children with HbSS the quality of evidence would not have been downgraded for indirectness.

3 We downgraded the quality of the evidence by 1 due to imprecision. The estimate has wide confidence intervals that include clinically relevant benefit or harm or both
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BACKGROUND

Description of the condition

Sickle cell disease (SCD) is a genetic haemoglobin disorder, which
can cause severe pain, significant end-organ damage, pulmonary
complications, and premature death (Chakravorty 2015). It is one
of the most common severe monogenic disorders in the world,
due to the inheritance of two abnormal haemoglobin (beta globin)
genes (Rees 2010). Populations originating from sub-Saharan
Africa, South and Central America, the Caribbean, the Middle East,
India and parts of the Mediterranean are predominantly affected.
Reductions in infant and child mortality and increasing migration
from highly affected countries have made this a worldwide problem
(Piel 2012). Over 12,500 people in the UK and 100,000 in the USA
suffer 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).

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 (3S) 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 BS and BC alleles and tends
to be a more moderate form of the disease. The third major
type of SCD occurs when fS is inherited with a B-thalassaemia
allele, causing HbS/B-thalassaemia (Rees 2010). People who have
inherited a thalassaemia null mutation (HbSR®) have a disease that
is clinically indistinguishable from sickle cell anaemia, whereas
people with HbSB+ thalassaemia have a milder disorder. In high-
income countries, people with SCD are expected to live into their
40s, 50s 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 fifth birthday (Gravitz 2014;
Grosse 2011).

In SCD under conditions of low oxygen levels, acidity and
cellular dehydration, the HbS molecules polymerise and lead
to membrane damage that distorts the red blood cells (RBC)
which take on the appearance of sickle-shaped cells. The main
determinant of disease severity is the rate and extent of this
HbS polymerisation (Rees 2010). This is exemplified by the co-
inheritance of genetic factors that affect the intracellular HbS
or fetal haemoglobin concentration, e.g. the protective effects
of co-inherited a-thalassaemia (Rumaney 2014; Steinberg 2012)
or hereditary persistence of fetal haemoglobin (Akinsheye 2011;
Steinberg 2012). Sickling of RBC results in two main events: the
blockage of blood flow resulting in organ and tissue ischaemia; and
haemolytic anaemia (Sparkenbaugh 2013). Both of these processes
are thought to lead to increased inflammation and an increased
tendency to develop a clot (Frenette 2007; Rees 2010). Reduced
blood flow is mediated via a dynamic interaction between RBC
containing sticky HbS, the vessel wall, and white cells (Rees 2010).
Sickle RBC also have a shorter lifespan of 10 to 12 days, versus
120 days for normal RBC, due to intravascular and extravascular
haemolysis, leading to anaemia (Kato 2006a). Chronic intravascular
haemolysis leads to a reduced nitric oxide level within the blood;
nitric oxide is sequestered by free haemoglobin (Hb), which over

time favours endothelial dysfunction and the development of
pulmonary hypertension (Kato 2006a; Kato 2006b).

The causes of cerebral infarcts in SCD are unclear and several
of the mechanisms listed above may converge leading to vessel
wall damage, and the narrowing and occlusion of cerebral blood
vessels.

Silent cerebral infarcts

Silent cerebral infarcts (SCI) are the commonest neurological
complication in children, and possibly in adults (DeBaun 2016).
These are defined as the presence of abnormalities on a magnetic
resonance imaging (MRI) scan consistent with cerebral infarction
(T-2 weighted and FLAIR imaging) without a clinical history or
abnormalities on physical examination that are consistent with a
previous stroke (DeBaun 2012). Some studies specify MRI lesions
have to be at least 3 mm in diameter in children (Casella 2010),
whereas in adults a more restrictive definition is sometimes used
which includes a lesion measuring at least 5 mm on MRI (DeBaun
2012).

The occurrence of SCI in children with SCD increases the
risk for stroke, and new or enlarged SCI. It also affects
academic performance, increases cognitive deficits and may lower
intelligence quotient (IQ) compared either to children with SCD who
have normal MRI scans or with siblings without SCD (DeBaun 2012;
DeBaun 2014).

The lack of longitudinal studies has made it difficult to define
the natural history and prevalence of SCI in both children and
adults. The 'Cooperative Study of Sickle Cell Disease' (CSSCD)
cohort estimated a prevalence of 22% in children with HbSS aged
six to 19 years; a French study reported a cumulative risk of SCI
of 19% by eight years of age; 32% by 14 years of age; and 39%
by 18 years of age (Bernaudin 2015a; DeBaun 2016). In children in
Kuwait, SCI is much more uncommon, with one study estimating
a prevalence of only 3% (Adekile 2002). This may be explained by
the fact that most people with SCD in the Arabian peninsula have
persistently elevated Hb F levels, even as adults (Marouf 2003). It
is still unclear as to when SCI first occurs in young children and if
incidence rates change in adolescence (Bernaudin 2011; DeBaun
2012). Knowledge of the prevalence of SCI in adults with SCD is
limited by the small number of studies and the small number of
participants in studies, nevertheless it appears that up to one third
of adults with SCD may develop SCI. Although more common in
people with HbSS disease, SCI are also identified in people with
HbSC disease (5% to 31%) and in people with HbS[ (3% to 38%)
(DeBaun 2012). While SCl are uncommon in children in Kuwait, they
are common in adults, with one study estimating a prevalence of
20% (Marouf 2003). These studies suggest no plateau in incidence
and thus the resulting need for trials to study both primary and
secondary prevention (Bernaudin 2011; DeBaun 2012).

Relatively little is known about the causes of SCI and the optimal
preventive therapy. However, the consistent finding that anaemiaiis
strongly associated with SCI suggests that cerebral haemodynamic
insufficiency (demand for oxygen exceeds supply) is a central
component (DeBaun 2012). This is consistent with that fact that the
majority of SCI are confined to deep white matter which suggests
hypoperfusion or hypoxic events (Bernaudin 2015a; van der Land
2016).

Interventions for preventing silent cerebral infarcts in people with sickle cell disease (Review) 14
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SCI may or may not be associated with increased transcranial
doppler (TCD) velocities (tests that measure the speed of blood flow
through the brain's blood vessels (either the internal carotid artery
orthe middle cerebral artery) by ultrasound). The TCD velocities are
classed as normal (less than 170 cm per second); conditional (170
cm to less than 200 cm per second); or abnormal (at least 200 cm
per second) (Adams 1998).

Risk factors for people with SCD developing SCI include lower
haemoglobin levels, lower fetal haemoglobin, internal carotid
artery stenosis, elevated systolic blood pressure (SBP) and a history
of seizures (Bernaudin 2015a; DeBaun 2012; van der Land 2016) .

In high-income countries randomised controlled trials (RCTs)
(STOP, STOP Il) have demonstrated that regular blood transfusion
therapy (typically monthly) prevents strokes in children with SCD
and high transcranial doppler (TCD) velocities (Abboud 2011;
Adams 1998).

Description of the intervention
RBC transfusions

Chronic RBC transfusions, either given as simple or exchange
transfusions, form part of the management of a number of
SCD complications such as the primary prevention of strokes
in children with abnormal TCD velocities (Adam 2008) or the
prevention of further chest crises in people with recurrent episodes
(Howard 2015). Blood transfusion can be given by simple, top-up
transfusions to increase the number of normal RBC or by exchange
transfusion in which the HbS is replaced by healthy RBC with a goal
of reducing HbS to below 30% (Kanter 2013).

Children with elevated TCD velocities or previously elevated TCD
velocities that have normalised developed fewer new SCI lesions
with regular blood transfusions (Abboud 2011; Pegelow 2001).

In people with SCD, RBC transfusions have reduced sickle cell-
related complications and improved quality of life, but are
not without potentially serious complications. The benefits of
transfusion therapy must be balanced against risks including
infections, iron overload, acute or delayed haemolytic transfusion
reactions, and increased complexity of compatibility testing (Chou
2013a; Chou 2013b; Porter 2013; Scheunemann 2010; Ubesie 2012).

Hydroxyurea (hydroxycarbamide)

Hydroxyurea has been in use since the 1980s and shown in clinical
trials to be beneficial for SCD in reducing vaso-occlusive crises,
chest crises and in improving survival (Field 2014). 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 SCD. Hydroxyurea
significantly decreases haemolytic rate and improves the degree of
baseline anaemia, which suggests that it could also decrease the
rate of SCI (Bernaudin 2015a).

Haematopoietic stem cell transplantation

Haematopoietic (blood forming) stem cell transplantation (HSCT)
is the only known treatment for SCD that reduces or eliminates
the sickling of RBC. Allogeneic (from a relative (matched or
mismatched) or matched unrelated donor) haematopoietic stem
cells from bone marrow, peripheral blood, or umbilical cord

blood are transplanted to produce partial or total correction
of the sickle haemoglobin phenotype (Oringanje 2016). Risks
are associated with both myeloablative conditioning (preparative
regimen prior to the transplant) and the allogeneic stem cells.
Risks include death, infertility and gonadal failure, development
of secondary malignancies, graft versus host disease (GVHD) (an
immune reaction of donor cells against recipient tissues), post-
transplant immunological and neurological complications, and
failure of the transplant (recurrence of SCD). HSCT has been used
mostly in children under 16 years of age (DREPAGREFFE 2019) and
thereis limited evidence for its use in adults who may be at a higher
risk of death (Oringanje 2016). In children with HbSS SCD a small
non-randomised study showed that children who received a stem
celltransplant had lower TCD velocities at one year post-transplant
compared to children on a chronic transfusion programme (129.6
cm/s versus 170.4 cm/s; difference - 40.8 cm/s (95% ClI, - 62.9
to -18.6); P < 0.001), however, this study was not powered to
detect a reduction in the number of silent infarcts that occurred
(DREPAGREFFE 2019).

How the intervention might work
RBC transfusion

The mechanisms for the reduction in stroke risk from chronic
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 effects on cerebral blood vessels or
interactions between RBC and endothelial cells (Adams 1998).

Children with the lowest baseline haemoglobin levels have higher
odds of SCI than do those with the highest haemoglobin levels
(DeBaun 2012). Also, an acute reduction in haemoglobin level
(less than 55 g/L) is associated with an increase in new-onset SCI,
whether or not the child has SCD (Dowling 2012).

Transfusion does have an immediate haemodynamic effect
measured by the reduction of middle cerebral artery velocity
(Venketasubramanian 1994).

The STOP trial has shown that RBC transfusions are effective for
preventing stroke in children with elevated TCD velocities. It is also
conceivable that RBC transfusions may prevent further SCI injury,
even though the microvascular pathology of SClI is different from
the involvement of the larger vessels (internal carotid and medium
sized vessels) in stroke (DeBaun 2014).

Hydroxyurea

In preliminary studies hydroxyurea was substituted successfully for
chronic transfusion for preventing secondary strokes. In a cohort
study from 1992 to 2010, participants with severe baseline anaemia
treated with hydroxyurea had a reduction in SCI from 37.1% in a
previous cohort (1988 to 2007) to 32.4% by age 14 years (Bernaudin
2015a). Preliminary data from single-arm trials also suggest that
hydroxyurea may be of benefit for the secondary prevention of
SCI (Bernaudin 2011). Hydroxyurea is known to modestly increase
the level of HbF via a range of mechanisms, including epigenetic
modifications (Pule 2015). In RCTs on the use of hydroxyurea
in SCD, it was found to increase total Hb and HbF levels and
reduce vaso-occlusive crises; however, its benefit could not be
solely attributed to the rise in HbF, with likely other mechanisms
including effects on platelet count, white count, and RBC adhesion
to endothelium (Charache 1995; Wang 2011). Hydroxyurea also
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decreases intravascular haemolysis which may ameliorate nitric
oxide sequestration.

HSCT

Allogeneic HSCT is the only curative treatment for SCD and
a potential option for the primary or secondary prevention of
SCI (Bernaudin 2007). In 36 HSCT transplant participants with a
history of stroke, two had a recurrence post-transplantation, one
participant experienced a transient ischaemic attack (TIA), and one
had a severe cerebrovascular disorder with Moya-Moya disease and
experienced fatal intracranial haemorrhage. After a median follow-
up of six years, the risk of stroke recurrence was 5.6%; however,
no strokes or silent ischaemic lesions occurred in participants
with successful engraftment (Bernaudin 2007). In a study carried
out in the USA (eight participants with evidence of SCI before
transplantation and who also had post-transplant studies) lesions
were stable in three participants and four participants had lesions
that decreased in size by brain MRI. There were no clinical strokes
after transplantation in this group (Walters 2010).

In HSCT, high doses of chemotherapy are used to destroy an
individual's own stem cells, which are then replaced with stem
cells from a donor who is unaffected by SCD. The blood of
transplant recipients contains normal RBC produced by the
donated stem cells. Stem cell recipients typically need to take
immunosuppressants for months to a few years. These medications
can cause serious side effects.

Why it is important to do this review

SCI are the most common neurological injury in children and can
occur in up to a third of adults with SCD. People with SCI have
an increased risk for stroke and lower academic performance.
There are no evidence-based strategies currently established for
the primary prevention of SCI (DeBaun 2016). The effectiveness
of either RBC transfusion, hydroxyurea or HSCT is unclear in
secondary prevention of SCI. It is important for clinicians and
people with SCD to understand what treatments are most effective
based on the quality of evidence for both primary and secondary
prevention in order to manage and reduce the serious sequelae of
SCI.

OBJECTIVES

To assess the effectiveness of RBC transfusions and hydroxyurea
alone or in combination and HSCT to reduce or prevent SCI in
people with SCD.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised controlled trials (RCTs).

Types of participants

Participants with homozygous SCD (SS), sickle beta thalassaemia
(SP and SB+) and sickle haemoglobin C disease (SC) of all ages and
both sexes, with or without evidence of SCI.

Types of interventions

1. RBC transfusions versus standard care

HSCT versus standard care

Hydroxyurea versus standard care or placebo
RBC transfusions versus HSCT

RBC transfusions versus hydroxyurea
Hydroxyurea versus HSCT

RBC transfusions combined with hydroxyurea versus standard
care or hydroxyurea or RBC transfusions or HSCT alone

No ok wDd

Types of outcome measures
Primary outcomes

1. Proportion of participants developing new or progressive SCI
lesions on MRI

2. All-cause mortality

3. Serious adverse events (SAEs) associated with different
therapies or SCD

We will categorise the proportion of participants developing new or
progressive MRI lesions, all cause mortality, and SAEs according to
short-, medium-, and long-term outcomes. We will report the exact
definition of these time frames over time periods that are common
to as many trials as possible (e.g. five years and under, six to 10
years, over 10 years).

Secondary outcomes

1. Clinical stroke (according to short-, medium-, and long-term
outcomes)

2. Cognitive function as assessed by validated scales (such as
Wechsler scales) from baseline and at various time intervals as
reported in trials (at least six months)

3. Quality of life as assessed by validated scales (at least six
months)

4. Any adverse events associated with different therapies

Search methods for identification of studies

We searched for all relevant published and unpublished trials
without restrictions on language, year or publication status

Electronic searches

We identified 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.

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 Health
Research Council Meetings; 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 Cochrane Cystic Fibrosis and
Genetic Disorders Group's Haemoglobinopathies Trials Register: 07
October 2019.
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In addition to this we searched the following databases for RCTs on
14 November 2019.

o The Cochrane Library (CENTRAL, DARE, HTA, NHSEED) - 14
November 2019 (www.cochranelibrary.com) (Appendix 1)

o MEDLINE (OvidSP, Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, Ovid MEDLINE Daily and Ovid MEDLINE, 1946
to 14 November 2019) (Appendix 2)

« PubMed (Epub Ahead of Print, In-Process & Other Non-Indexed
Citations, for recent records not yet added to MEDLINE)
(www.ncbi.nlm.nih.gov/sites/entrez) (Appendix 3)

« Embase (OvidSP, 14 November 2019) (Appendix 4)

o CINAHL (EBSCOHost, 1937 to 14 November 2019) (Appendix 5)

« Transfusion Evidence Library (1950 to 14 November 2019)
(www.transfusionevidencelibrary.com) (Appendix 6)

o LILACS (1982 to 14 November 2019) (lilacs.bvsalud.org/en/)
(Appendix 7)

« Web of Science (Conference Proceedings Citation Index- Science
(CPCI-S) - 1990 to 14 November 2019) (Appendix 8).

We also searched the following trial databases for ongoing trials on
14 November 2019.

« ClinicalTrials.gov (clinicaltrials.gov/) (Appendix 9)

« WHO International Clinical Trials Registry Platform (ICTRP)
(apps.who.int/trialsearch/) (Appendix 10)

We combined searches in MEDLINE and Embase with RCT filters
based on the recommended sensitivity-maximising Cochrane RCT
search filters, as detailed in the Cochrane Handbook for Systematic
Reviews of Interventions (Lefebvre 2011), and in CINAHL with an RCT
filter based on the Scottish Intercollegiate Guidelines Network's
(SIGN) RCT filter (www.sign.ac.uk/methodology/filters.html).

Searching other resources

We handsearched reference lists of included trials in order to
identify further relevant trials. We contacted the lead authors of the
included trials to identify any unpublished material, missing data
or information regarding any ongoing trials.

Data collection and analysis
Selection of studies

We selected trials according to chapter seven of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011a;
Higgins 2011b). Two out of three review authors (LE, CK, PF)
independently screened all electronically-derived citations and
abstracts of papers identified by the search strategy for relevance.
At this stage we excluded trials that were clearly irrelevant based
on the abstract. Two independent review authors (LE, CK, PF)
formally assessed the full texts of all potentially relevant trials
for eligibility against the criteria outlined above. We requested
additional information from trial authors as necessary. The two
review authors discussed the results of trial selection and resolved
our discrepancies. In the event that this was not possible, we would
have referred the decision of eligibility to a third review author
(MA). We reported the results of trial selection using a PRISMA flow
diagram (Moher 2009).

Data extraction and management

Two review authors (LE, PF) independently extracted data for
all trials 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 to extract data and to assess the risk of bias for all
included trials (Covidence 2015). We used the available tables in
the Review Manager software to present extracted data on trial
characteristics (Review Manager 2014).

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; proportion
of participants with lesions; TCD velocities; lost to follow-up
numbers; dropouts (percentage in each arm) with reasons; protocol
violations; previous treatments; current treatment; prognostic
factors; haemoglobin S levels; SCD complications.

Interventions

Experimental and controlinterventions; method of RBC transfusion
(simple, partial or full exchange transfusion); type of RBC
transfusion (intermittent or chronic); dose and duration of
hydroxycarbamide therapy; HSCT (relative, other donor, cord
blood, bone marrow, peripheral blood, extent of HLA matching,
preparative regimen); standard care.

Outcomes measured

Proportion of participants developing new or enlarged lesions;
mortality (all cause); SAEs related to treatments or sickle lung
disease; clinical stroke; cognitive function; quality of life.

We used full-text versions, clinical trial registration information,
and abstracts to extract data. We extracted data using one form only
for trials reported in more than one publication. Where sources did
not provide sufficient information, we contacted authors and trial
groups for additional details.

Assessment of risk of bias in included studies

We performed an assessment of all RCTs using the Cochrane 'risk
of bias’ tool according to the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011c). Two review authors (LE,
PF) worked independently to assess each element of potential bias
listed below as 'high', 'low' or 'unclear' risk of bias. We reported
a brief description of the judgement statements upon which we
assessed potential bias in the 'Characteristics of included studies'
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table. We ensured that a consensus on the degree of risk of bias was
met through comparison of the review authors' statements and if
necessary, we would have consulted a third review author (MA). We
used Cochrane's tool for assessing the risk of bias and included the
following domains.

« 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

Measures of treatment effect

Where data allowed, we performed quantitative assessments using
the Review Manager software (RevMan 2014).

For dichotomous outcomes we recorded the number of events and
the total number of participants in both the treatment and control
groups. For dichotomous outcomes we reported the pooled risk
ratio (RR) with 95% confidence intervals (Cl). Where the number of
observed events were 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).

For continuous outcomes we recorded the mean, standard
deviation (SD) and total number of participants in both the
treatment and control groups. For continuous outcomes using the
same scale, we performed analyses using the mean difference (MD)
with 95% Cls. If continuous outcomes were reported using different
scales we used standardised mean difference (SMD).

Where available, we extracted and reported hazard ratios (HRs) for
mortality data. If HRs were not available, we made every effort
to estimate as accurately as possible the HR using the available
data and a purpose built method based on the Parmar and Tierney
approach (Parmar 1998; Tierney 2007).

Where appropriate, we reported the number needed to treat to
benefit (NNTB) and the number needed to treat to harm (NNTH)
with Cls. If we could not report the available data in any of the
formats described above, we performed a narrative report, and
when appropriate we presented data in tables.

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 notincluded in this review. Should we have
found any trials with these designs, we would have treated these
in accordance with the advice given in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011d). If participants
would have been randomised more than once we would have
contacted the authors of the trial to provide us with data on
outcomes associated with the initial randomisation. For trials
with multiple treatment groups we would only include subgroups
that were considered relevant to the analysis. We tabulated all
subgroups in the 'Characteristics of included studies' section.
When appropriate, we combined groups to create a single pair-
wise comparison. If this was not possible, we selected the most

appropriate pair of interventions and excluded the others (Higgins
2011d).

Dealing with missing data

Where data were identified to be missing or unclear in published
literature, we contacted the lead authors of trials (e.g. STOP 2 2005;
Vichinsky 2010), for additional data, but no data have been received
to date. We recorded the number of participants lost to follow-up
for each trial. Where possible, we analysed data on an intention-to-
treat (ITT) basis, but if data were insufficient, we presented a per
protocol analyses (Higgins 2011b).

Assessment of heterogeneity

If the clinical and methodological characteristics of individual
trials were sufficiently homogeneous, we combined the data to
perform a meta-analysis. We assessed the statistical heterogeneity
of treatment effects between trials using a Chi® test with a
significance level at P < 0.1. We used the |2 statistic to quantify the
degree of potential heterogeneity and classified it as moderate if
I > 50%, or considerable if 1> > 80%. We expected to identify at
least moderate clinical and methodological heterogeneity within
the included trials, and hence used the random-effects model
throughout. If statistical heterogeneity was considerable, we would
not report the overall summary statistic. We would have assessed
potential causes of heterogeneity by sensitivity and subgroup
analyses (Deeks 2011).

Assessment of reporting biases

We did not explore publication bias as we identified fewer than 10
trials. We would have explored potential publication bias (small
trial bias) by generating a funnel plot and using a linear regression
test and considered a P value of less than 0.1 as significant for this
test (Sterne 2011).

Data synthesis

We performed analyses according to the recommendations in the
Cochrane Handbook for Systematic Reviews of Interventions using
aggregated data for analysis (Deeks 2011). For statistical analysis,
we entered data into the Review Manager software (RevMan 2014).
One review author (PF) entered the data and a second (LE) checked
for accuracy.

Where meta-analysis was feasible, and had moderate statistical
heterogeneity, we used the random-effects model for pooling
the data. We used the Mantel-Haenszel method for dichotomous
outcomes or Peto method as necessary, and the inverse variance
method (and SMDs as necessary) for continuous outcomes. If
we had identified heterogeneity over 80%, we would not have
performed a meta-analysis; rather we would have reported a
narrative review of the results.

Subgroup analysis and investigation of heterogeneity

In two trials, we performed a subgroup analysis based on TCD
velocities, as one trial included participants with normal TCD
velocities and the other included participants with abnormal TCD
velocities

If adequate data were available, we would have performed
subgroup analyses according to Cochrane recommendations on
the rest of the outcomes in order to assess the effect on
heterogeneity (Deeks 2011).
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1. Age of participant: neonate, child (one to 15 years), adult (16
years and older)

2. Genotype (homozygous SCD (SS), sickle beta thalassaemia (S0
and SP+) and sickle haemoglobin C disease (SC))

3. TCD velocities (normal (less than 170 cm/s, conditional 170 to
less than 200 cm/s, abnormal at least 200 cm/s)

4. Presence of previous SCI on MRI

5. Follow-up duration: longer-term RCTs (one year or longer)
versus shorter term RCTs (less than one year)

Sensitivity analysis

We would have assessed the robustness of our findings
by performing the following sensitivity analyses according to
Cochrane recommendations if sufficient data were available (Deeks
2011).

« 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.

Summary of findings table

We used the GRADE approach to create a 'Summary of findings'
table, as suggested in the Cochrane Handbook for Systematic
Reviews of Interventions (Schiinemann 2011a; Schiinemann 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 below.

+ Risk of bias: not serious, serious or very serious

« Inconsistency: not serious, serious or very serious
« Indirectness: not serious, serious or very serious

» Imprecision: not serious, serious or very serious

« Publication bias: undetected, likely or very likely

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

« Proportion of participants developing new or progressive MRI
lesions

« All-cause mortality

« Serious adverse events
+ Clinical stroke

« Cognitive function

+ Quality of life

We used and specified time periods that are common to as many
trials as possible (e.g. five years and under, six to 10 years, over 10
years).

RESULTS

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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In the original searches for this review we identified a total of
1016 citations, which were reduced to 671 citations once duplicates
were removed. Two review authors (LE, PF) excluded 543 citations
on the basis of the abstract, and the same two authors reviewed
127 full text articles for relevance (Estcourt 2017). We excluded 12
trials within 23 publications that were not relevant, and identified
seven trials within 104 publications, 5 completed trials (SIT 2014;
STOP 1998; STOP 2 2005; SWiTCH 2012; TWITCH 2016), one ongoing
trial (NCT01389024) and one trial awaiting classification (Vichinsky
2010).

In this update of the review we identified a total of 972 records,
which were reduced to 375 records after duplicates were removed.
Two review authors (LE, CK) excluded 337 citations on the basis
of the abstracts, and the same two authors reviewed 38 full text
articles for relevance. We excluded 29 records. We included 9
records that were secondary citations of already included studies.
We identified no new completed or ongoing trials.

Included studies

Six trials met the inclusion criteria: five completed trials (660
participants) (SIT 2014; STOP 1998; STOP 2 2005; SWiTCH 2012;
TWITCH 2016); and one ongoing trial with an estimated completion
date of August 2020 (NCT01389024) (see Characteristics of ongoing
studies).

Trial design

All five randomised trials were multicentre, 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.

o 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 after 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
(STOP22005) to 196 (SIT 2014). Power calculations were reported in
four trials (SIT 2014; STOP 1998; STOP 2 2005; TWITCH 2016), three
of these trials 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).

Setting

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 in the USA and Canada (STOP 1998; STOP 2 2005; TWITCH
2016); and the SIT trial in the USA, Canada, France and the UK (SIT
2014).

Participant

All trials included participants with HbSS disease and HbS[°
thalassaemia. Two trials also included participants with HbS/O
Arab disease (SWITCH 2012; TWITCH 2016). Three trials did not
specify the distribution of phenotypes (SIT 2014; STOP 1998; STOP
22005). In the SWITCH trial 100% of participants in the transfusion
arm and 99% in the no transfusion arm had the HbSS phenotype
(SWIiTCH 2012), and in TWIiTCH trial 97% in the transfusion arm and
100% in hydroxyurea arm had the HbSS phenotype (TWITCH 2016).
Inthe STOP trial, a-thalassaemia trait was more commonin the RBC
transfusion arm: 14 (22%) in the RBC arm and 7 (9%) in the standard
care arm (STOP 1998).

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). The ages in the trials ranged from the
lowest mean (SD) age of eight years (three years) in the SIT and
STOP trials (SIT 2014; STOP 1998) to a mean (SD) high of 13 years
(four years) in the SWIiTCH trial (SWiTCH 2012).

Participants tended to be equally divided between males and
females with the highest participation of males (57%) in the SIT trial
and the lowest (39%) in the TWIiTCH trial (SIT 2014; 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 after the age 12 months (SWiTCH
2012), whereas in the other four trials individuals were excluded if
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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 SCI
confirmed on MRl and normal TCD velocities (SIT 2014). In a further
three trials, individuals had to have abnormal TCD velocities prior
to any transfusion therapy (greater than orequalto 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). 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).

Interventions

All trials had a transfusion arm with the aim of keeping HbS to
30% or less with local discretion as to the type of RBC transfusion
administered (simple, manual exchange or automated exchange).
Three trials reported using leucocyte-depleted RBC 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 two 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 remaining trial, participants did not receive iron
chelation (STOP 1998).

Three trials compared long-term transfusion therapy to standard
care with no hydroxyurea treatment (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 (SWiTCH 2012; TWITCH 2016). 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).

There were no randomised trials that had an HSCT therapy
comparison.

Outcomes

Outcomes varied across trials depending on the objectives. The
primary outcome in the SIT trial was the recurrence of infarct
or haemorrhage as determined by neuroimaging (SIT 2014).
Secondary outcomes were TIA and changes in cognition.

In both STOP trials, the primary outcomes were cerebral infarction
or intracranial haemorrhage and the STOP 2 trial 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 SWIiTCH trial, the primary outcome was a composite primary
endpoint of secondary stroke recurrence rate and quantitative
liveriron 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 TWIiTCH 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, status, quality of
life, growth, and treatment-related complications were secondary
outcomes.

Source

All five trials received government funding.

Excluded studies

We excluded 24 trials (51 references) primarily because they
assessed the wrong intervention, they were not designed to
assess SCl-related outcomes, or they were not randomised (see
Characteristics of excluded studies).

o Eight trials assessed the wrong intervention (Howard
2018; Misra 2017; NCT01987908; NCT02114203; NCT02813850;
NCT03401112; NCT03976180; Washington 2018)

« Seven trials were not designed to assess SCl-related outcomes
(BABY HUG 2011; NCT02560935; NCT02675790; NCT03128515;
NCT03666806; NCT03975894; NCT04084080). These trials did
not or are not performing baseline and exit MRIs.

« Seven trials were not randomised (Adams 1999, DREPAGREFFE
2019; Kwiatkowski 2019; NCT00004485; NCT00402480;
NCT01801423; Steinberg 2010).

« Two references were reviews (Kawadler 2016; Manwani 2012).

Studies awaiting classification

One additional trial is awaiting classification to determine if it
meets the inclusion criteria (Vichinsky 2010) (see Characteristics of
studies awaiting classification).

Risk of bias in included studies

Please 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.
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Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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We considered four trials to be at low risk of bias, as randomisation
was done centrally by the statistical data co-ordinating centre or
was randomly generated or both (SIT 2014; STOP 1998; STOP 2 2005;
TWITCH 2016). We judged the SWIiTCH trial to be at 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 SCI, clinical stroke and mortality as these
outcomes were either adjudicated by experts masked to treatment
assignments or an objective outcome (mortality).

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

Incomplete outcome data

We considered four trials to be at low risk for attrition bias as they
all used an intention-to-treat analysis and all participants were
accounted for in the trials (SIT 2014; STOP 1998; SWiTCH 2012;
TWITCH 2016).

We judged the STOP trial to be at an unclear risk of bias for the SCI
outcome as only those participants with an MRI at randomisation
were included and treatment classification was based on the actual
trial experience (STOP 1998).

We judged the STOP 2 trial to be at unclear risk for attrition bias
as 17% of participants discontinued or data were censored (STOP
2 2005). However, we considered the trial to be at low risk of bias
for stroke, SCl and TIA as only one participantin each group did not
have a follow-up MRI.

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 having an unclear risk for
reporting bias (STOP 1998; STOP 2 2005; TWITCH 2016): one trial
had no protocol and no prospective trial registration (STOP 1998);
onetrial did notreport any secondary outcomes and it was not clear
if all adverse events were reported as some participant data were
censored (STOP 22005); and the remaining 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
for outcomes other than SCI, stroke, and mortality, 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). In addition to this, 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
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2014). In the SWIiTCH 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 difference
between treatment arms in the number of participants with severe
vasculopathy (SWiTCH 2012).

Effects of interventions

See: Summary of findings for the main comparison Long-term
RBC transfusion compared to standard care for prevention of
SCl in people with SCD and normal TCD velocities; Summary
of findings 2 Long-term RBC transfusion compared to standard
care for prevention of SCI in people with SCD and abnormal TCD
velocities; Summary of findings 3 Long-term RBC transfusions
compared to standard care for SCD-related SAEs and clinical stroke
in people with SCD at risk of stroke and no previous long-term
RBC transfusions; Summary of findings 4 Transfusions continued
compared to transfusions halted for prevention of SCI in people
with SCD and normalised TCD velocities; Summary of findings
5 Hydroxyurea compared to RBC transfusions for prevention of
SCl in people with SCD who have not had a stroke (primary
prevention); Summary of findings 6 Hydroxyurea compared to
RBC transfusion for prevention of SCl in people with SCD who had
a stroke (secondary prevention)

RBC transfusion versus standard care

Three trials including 405 participants compared RBC transfusions
to standard care and all trials assessed the primary prevention of
stroke (SIT 2014; STOP 1998; STOP 2 2005). In the SIT trial, the
primary endpoint was the occurrence of any infarctincluding a new
or enlarged SCI (SIT 2014).

Two trials included children who were at higher risk of a primary
stroke who did not have previous long-term RBC transfusions to
prevent stroke (SIT 2014; STOP 1998). Children in the SIT trial had
evidence of previous SCI 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 SCI on MRI (STOP
1998). Data on the incidence of SCl is extracted from an associated
trial publication (Pegelow 2001). SCI was not a primary outcome
in this trial, and intention-to-treat analysis was not used with
treatment classification based on the actual trial experience.

Onetrialincluded children and adolescents who were at higher risk
of a primary stroke (previous history of abnormal TCD velocities)
who had previous long-term RBC 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 first STOP trial, participants
were included if their TCD velocities had normalised (STOP 1998;
STOP 2 2005). Data on the incidence of SCI are extracted from an
associated trial publication (Abboud 2011).

Participants in the STOP 2 trial are analysed separately
under the 'Transfusion continued versus transfusion halted
comparison' (STOP 2 2005).

Primary outcomes

1. Proportion of participants developing new or progressive SCI
lesions on MRI

Participants with normal TCD velocities

Long-term RBC transfusions may make little or no difference to
the incidence of SCI in children with previous SCI on MRI and

normal TCD velocities, RR 0.70 (95% Cl 0.23 to 2.13) (one trial,
196 participants, low-quality evidence) (SIT 2014) (Analysis 1.1;
Summary of findings for the main comparison).

Participants with abnormal TCD velocities

Long-term RBC transfusions may reduce the incidence of SClI in
children with abnormal TCD velocities, RR 0.11 (95% CI 0.02 to
0.86) (one trial, 124 participants, low-quality evidence) (STOP 1998)
(Analysis 1.1; Summary of findings 2).

2. All-cause mortality

No participants died in the SIT and STOP trials (two trials, 326
participants), therefore, we have no evidence of any difference in
mortality rates between the treatments (low to very low-quality
evidence) (SIT 2014; STOP 1998) (Summary of findings for the main
comparison; Summary of findings 2).

3. SAEs associated with different therapies or SCD
SCD-related SAEs - ACS
Participants with normal TCD velocities

Long-term RBC transfusions may reduce the incidence of ACS in
children with previous SCI on MRI and normal TCD velocities, RR
0.20 (95% CI 0.08 to 0.51) (one trial, 196 participants, low-quality
evidence) (SIT 2014) (Analysis 1.2; Summary of findings for the main
comparison).

Participants with abnormal TCD velocities

Long-term RBC transfusions may reduce the incidence of ACS in
children with abnormal TCD velocities, RR 0.30 ( 95% CI 0.11 to
0.87) (one trial, 130 participants, low-quality evidence) (STOP 1998)
(Analysis 1.2; Summary of findings 2).

Participants with no previous long-term RBC transfusions

Long-term RBC transfusions may reduce the incidence of ACS in
children with a higher risk of stroke (abnormal TCD velocities or
previous history of SCI), RR 0.24 (95% CI 0.12 to 0.49) (two trials, 326
participants, low-quality evidence) (SIT 2014; STOP 1998) (Analysis
1.2; Summary of findings 3).

SCD-related SAEs - painful crisis
Participants with normal TCD velocities

Long-term RBC transfusions may reduce the incidence of painful
crisis in children with previous SCI on MRI and normal TCD
velocities, RR 0.56 (95% CI 0.40 to 0.78) (one trial, 196 participants,
low-quality evidence) (SIT 2014) (Analysis 1.3; Summary of findings
for the main comparison).

Participants with abnormal TCD velocities

Long-term RBC transfusions may be no different than standard
care in reducing the incidence of painful crisis in children with
abnormal TCD velocities, RR 0.90 (95% CI 0.44 to 1.86) (one trial, 130
participants, very low-quality evidence) (STOP 1998) (Analysis 1.3;
Summary of findings 2).

Participants with no previous long-term RBC transfusions

Long-term RBC transfusions may reduce the incidence of painful
crisis in children with a higher risk of stroke (abnormal TCD
velocities or previous history of SCI), RR 0.63 (95% CI 0.42 to 0.95)
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(two trials, 326 participants, low-quality evidence) (SIT 2014; STOP
1998) (Analysis 1.3; Summary of findings 3).

Secondary outcomes
1. Clinical stroke
Participants with normal TCD velocities

Long-term RBC transfusions may make little or no difference on
the incidence of clinical stroke in children with previous SCI on
MRI and normal TCD velocities, RR 0.14, 95% Cl 0.02 to 1.12) (one
trial, 196 participants, low-quality evidence) (SIT 2014) (Analysis
1.4; Summary of findings for the main comparison).

Participants with abnormal TCD velocities

Long-term RBC transfusions may reduce the incidence of stroke
in children with abnormal TCD velocities, RR 0.10 (95% Cl 0.01 to
0.73) (one trial, 130 participants, low-quality evidence) (STOP 1998)
(Analysis 1.4; Summary of findings 2).

Participants with no previous long-term RBC transfusion

Compared to children receiving standard care, long-term RBC
transfusions probably reduce the incidence of clinical stroke in
children with a higher risk of stroke (abnormal TCD velocities or
previous history of SCI), RR 0.12 (95% CI 0.03 to 0.49) (two trials,
326 participants, moderate-quality evidence) (SIT 2014; STOP 1998)
(Analysis 1.4; Summary of findings 3).

2. Cognitive function as assessed by validated scales
Participants with normal TCD velocities

The SIT trial reported the difference between trial arms in the
Weschler Abbreviated Scale of Intelligence (WASI) in performance,
verbal, and full I1Q scores (data from baseline to interim and
to exit visits were analysed by the trial authors who reported
estimated least squares means (LSM) and based on two-way
repeated measures analysis of variance) (SIT 2014).

The SIT trial authors reported that long-term RBC transfusion may
make little or no difference to WASI performance, verbal or full IQ
scores in children with SCI (LSM: 1.7, 95% CI -1.1 to 4.4) (one trial,
166 participants, low-quality evidence; analysis performed by the
SIT 2014 trial authors) (SIT 2014) (Summary of findings for the main
comparison).

Participants with abnormal TCD velocities

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 cognitive function were not reported in the trial,
but noted that after 24 months, 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).

3. Quality of life as assessed by validated scales
Participants with normal TCD velocities

The SIT 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
(SIT 2014).

It is not known what the minimal clinically important differences
are for the CHQ PF50.

Trial authors stated that quality of life may improve slightly in
children receiving long-term RBC transfusions, difference estimate
-0.54 (95% C1-0.92 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).

Participants with abnormal TCD velocities

This outcome was not reported in the STOP trial (STOP 1998).

4. Any adverse events associated with different therapies
Transfusion-related adverse events - alloimmunisation
Participants with normal TCD velocities

We are very uncertain whether children receiving regular long-term
transfusions have a higher risk for developing alloimmunisations
than children receiving standard care, RR 3.16 (95% Cl 0.18 to
57.17) (one trial, 121 participants, low-quality evidence) (SIT 2014)
(Analysis 1.5). For data on transfused participants in the SIT trial,
the quality of the evidence was low due to high risk of bias and
indirectness (SIT 2014).

Participants with abnormal TCD velocities

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.

Transfusion-related adverse events - transfusion reactions
Participants with normal TCD velocities

We are very uncertain whether children receiving regular long-term
transfusions have a higher risk of developing a transfusion reaction
than children receiving standard care, RR 5.17 (95% Cl 0.71 to
37.52) (one trial, 121 participants, low-quality evidence) (SIT 2014)
(Analysis 1.6). The quality of the evidence was low due to high risk
of bias and indirectness.

Participants with abnormal TCD velocities

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.

Iron overload
Participants with normal TCD velocities

Trial authors reported that there was an increased risk of iron
overload (measured by serum ferritin greater than 1500 pg/L) in
children receiving long-term RBC transfusions, incidence rate ratio
14.42 (95% C15.41to 875.17) (onetrial, 121 participants, low-quality
evidence) (analysis reported in the SIT trial) (SIT 2014) (Table 1).
The quality of the evidence was low due to high risk of bias and
imprecision.

Participants with abnormal TCD velocities

In the STOP trial, iron overload developed faster than anticipated in
children receiving transfusion, with mean (SD) serum ferritin rising
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t0 1804 pg/L (773 ug/L) at 12 months and 2509 pg/L (974 pg/L) at 24
months (STOP 1998). This outcome was not reported in the children
receiving standard care who had transfusions.

Other sickle cell-related complications

One trial reported additional SCD-related adverse events as events
per 100 person years and incidence rate ratios (SIT 2014) (Table 2).

Transfusions continued versus transfusions halted

Outcomes are reported from one trial in 79 participants whose
initial abnormal TCD velocities have normalised (STOP 2 2005).

Primary outcomes

1. Proportion of participants developing new or progressive SCI
lesions on MRI

Continuing long-term RBC transfusions may reduce the incidence
of SCI in children and adolescents whose TCD velocities have
normalised, RR 0.29 (95% C1 0.09 to 0.97) (one trial, 77 participants,
low-quality evidence) (STOP 2 2005) (Analysis 2.1; Summary of
findings 4).

2. All-cause mortality

We are very uncertain whether continuing long-term RBC
transfusions reduces mortality in children and adolescents with
normalised TCD velocities.

One participant who was assigned to continue transfusion, died
due to complications of ACS, Peto OR 8.00 (95% Cl 0.16 to 404.12)
(one trial, 79 participants, very low-quality evidence) (STOP 2 2005)
(Analysis 2.2; Summary of findings 4).

3. SAEs associated with different therapies or SCD
SCD-related SAEs - ACS

The authors state that there were fewer incidences of ACS in
participants continuing transfusions. 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
(STOP 2 2005).

SCD-related SAEs - painful crisis

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

Secondary outcomes
1. Clinical stroke

We are very uncertain whether continuing long-term RBC
transfusions reduces the incidence of clinical stroke in children and
adolescents whose TCD velocities have normalised, RR 0.22 (95% Cl
0.01 to 4.35) (one trial, 79 participants, very low-quality evidence).
The Cls of the treatment effect estimate are wide due to the low
frequency of stroke events in the two treatment arms (STOP 2 2005)
(Analysis 2.3; Summary of findings 4).

2. Cognitive function as assessed by validated scales

This outcome was not reported.

3. Quality of life as assessed by validated scales

This outcome was not reported.

4. Any adverse events associated with different therapies
Transfusion-related adverse events - transfusion reactions

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

Transfusion-related adverse events - alloimmunisation

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

Infections

No cases of hepatitis C were identified among the 68 participants
who had serologic testing at the end of the trial.

Hydroxyurea versus RBC transfusions

Two trials are included in this comparison (254 participants)
(TWITCH 2016; SWIiTCH 2012). One trial assessed primary
prevention of stroke (TWITCH 2016) and one trial assessed
secondary prevention of stroke (SWIiTCH 2012). The SWiIiTCH
trial also compared blood transfusion with iron chelation to
hydroxyurea with phlebotomy with a composite primary endpoint
allowing for an increased stroke risk, but superiority in iron
removal in the hydroxyurea with phlebotomy group. In TWITCH
participants also underwent serial phlebotomy to manage iron
overload, phlebotomy was not done if haemoglobin concentration
was less than 80 g/L.

Data on SCI was extracted from an associated publication (Helton
2014a) for the SWIiTCH trial (SWiTCH 2012).

Results from the two trials are not combined.

1. Proportion of participants developing new or progressive SCI
lesions on MRI

Primary prevention

No SCloccurred in the TWIiTCH trial (one trial, 121 participants, very
low-quality evidence) (TWITCH 2016) (Summary of findings 5).

Secondary prevention

We are very uncertain whether switching to hydroxyurea and
phlebotomy increases the incidence of SCI in children and
adolescents with a history of stroke, Peto OR 7.28 (95% CI 0.14
to 366.91) (one trial, 133 participants, very low-quality evidence)
(SWIiTCH 2012) (Analysis 3.1; Summary of findings 6).

2. All-cause mortality
Primary prevention

No deaths occurred in the TWIiTCH trial (one trial, 121 participants,
very low-quality evidence) (TWITCH 2016) (Summary of findings 5).

Secondary prevention

We are very uncertain whether switching to hydroxyurea and
phlebotomy reduces mortality compared to RBC transfusions and
chelation in children and adolescents with a history of stroke, Peto
OR 1.02 (95% CI 0.06 to 16.41) (one trial, 133 participants, very low-
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quality evidence) (SWiTCH 2012) (Analysis 3.2; Summary of findings
6).

3. SAEs associated with different therapies or SCD
SCD-related SAEs - ACS
Primary prevention

We are very uncertain whether switching to hydroxyurea and
phlebotomy has any effect on the risk of ACS compared to
continuing to receive RBC 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) (TWITCH 2016)
(Analysis 3.3; Summary of findings 5).

Secondary prevention

We are very uncertain whether switching to hydroxyurea and
phlebotomy has any effect on the risk of ACS compared to
continuing to receive RBC transfusions and chelation in children
and adolescents who have a previous history of stroke, RR 0.33
(95% Cl 0.04 to 3.08) (one trial, 133 participants, very low-quality
evidence) (SWITCH 2012) (Analysis 3.4; Summary of findings 6).

SCD-related SAEs - painful crisis
Primary prevention

We are very uncertain whether switching to hydroxyurea and
phlebotomy has any effect on the risk of painful crisis compared
to continuing to receive RBC 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% Cl 0.61 to 42.23) (one
trial, 121 participants, very low-quality evidence) (TWITCH 2016)
(Analysis 3.5; Summary of findings 5).

Secondary prevention

Switching to hydroxyurea and phlebotomy may increase the risk of
painful crisis compared to continuing to receive RBC transfusions
and chelation in children and adolescents who have a previous
history of stroke, RR 3.15 (95% Cl 1.23 to 8.11) (one trial, 133
participants, low-quality evidence) (SWiTCH 2012) (Analysis 3.6;
Summary of findings 6).

Total SCD-related SAEs
Primary prevention

We are very uncertain if switching to hydroxyurea and phlebotomy
has any effect on total SAEs in children who have a previous history
of abnormal TCD velocities and at least 12 months of transfusions,
RR 1.52 (95% CI 0.58 to 4.02) (one trial, 121 participants, very low-
quality evidence) (TWITCH 2016) (Analysis 3.7). The quality of the
evidence was very low due to a high risk of bias, imprecision and
indirectness.

Secondary prevention

Switching to hydroxyurea and phlebotomy may increase the risk
of SCD related serious adverse events compared to continuing to
receive RBC transfusions and chelation in children and adolescents
with a history of stroke, RR 3.10 (95% Cl 1.42 to 6.75) (one trial, 133
participants, low-quality evidence) (SWiTCH 2012) (Analysis 3.8).
The quality of the evidence was low due to a high risk of bias and
indirectness.

Secondary outcomes
1. Clinical stroke
Primary prevention

No clinical strokes occurred in the TWIiTCH trial (TWITCH 2016).
General stroke adjudications were done for 29 possible new
neurological events and no child had a positive adjudication for
stroke (very low-quality evidence) (Summary of findings 5).

Secondary prevention

We are very uncertain whether switching to hydroxyurea and
phlebotomy increase the risk of stroke compared to RBC
transfusions and chelation in children and adolescents with a
history of stroke, RR 14.78 (95% Cl 0.86 to 253.66) (one trial, 133
participants, very low-quality evidence) (SWiTCH 2012) (Analysis
3.9; Summary of findings 6).

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 (SWiTCH 2012).

2. Cognitive function as assessed by validated scales
Primary prevention

Cognitive function is not yet reported in the TWiTCH trial (TWITCH
2016).

Secondary prevention

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

3. Quality of life as assessed by validated scales

Quality of life has not yet been reported in either trial

4. Any adverse events associated with different therapies
Iron overload
Primary prevention

Switching to hydroxyurea and phlebotomy may reduce serum
ferritin levels compared to continuing to receive RBC transfusions
and chelation in children who have a previous history of abnormal
TCD velocities and at least 12 months of transfusions, MD -1.40 (95%
Cl -1.94 to -0.86) (one trial, 121 participants, low-quality evidence)
(TWITCH 2016) (Analysis 3.10). Quality of evidence was low due to
high risk of bias and indirectness.

Switching to hydroxyurea and phlebotomy may have little or no
effect on liver iron concentrations compared to continuing to
receive RBC transfusions and chelation in children who have a
previous history of abnormal TCD velocities and at least 12 months
of transfusions, MD -1.80 (95% CI -5.16 to 1.56) (one trial, 121
participants, low-quality evidence) (TWITCH 2016) (Analysis 3.11).
The quality of the evidence was low due to high risk of bias and
indirectness.
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Secondary prevention

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

Switching to hydroxyurea and phlebotomy may have little or no
effect on liver iron concentrations compared to continuing to
receive RBC transfusions and chelation in children and adolescents
with a history of stroke (median liver iron concentration:
hydroxyurea: 17.3 mg Fe/g dry weight iron, IQR 10.0 to 30.6;
transfusion: 17.3 mg Fe/g dry weight iron, IQR 8.8 to 30.7; one trial,
133 participants; low-quality evidence) (analysis performed by the
trial authors) (SWIiTCH 2012). The quality of the evidence was low
due to high risk of bias and indirectness.

SCD-related AEs
Primary prevention

This outcome was not reported

Secondary preventions

We are very uncertain if switching to hydroxyurea and phlebotomy
has any effect on the incidence of adverse events compared to
continuing to receive RBC transfusions and chelation in children
and adolescents with a history of stroke, RR 1.03 (95% Cl 0.81
to 1.30) (one trial, 133 participants, very low-quality evidence)
(SWIiTCH 2012) (Analysis 3.12). The quality of the evidence was very
low due to high risk of bias, imprecision and indirectness.

DISCUSSION

Silent cerebral infarcts (SCI) are the most common neurological
injury in children and can occur in up to a third of adults with sickle
cell disease (SCD). People with SCl have an increased risk for stroke
and lower academic performance.

This Cochrane Review aimed to evaluate the literature on
interventions to prevent SCl in people with SCD.

We identified five randomised controlled trials that met our
inclusion criteria and included a total of 660 participants, no
new trials were identified in this update of the review. The trials
were published between 1998 and 2016. Two trials compared red
blood cell (RBC) transfusions to standard care, one trial compared
continuing transfusions to halting transfusions, and two trials
compared hydroxyurea with phlebotomy to RBC transfusions with
chelation.

The majority of participants had HbSS SCD, all trials were
conducted in children and two trials additionally included
adolescents. One trial focused on the prevention of infarcts, and
three trials were for primary stroke prevention and one trial dealt
with secondary stroke prevention. There were no randomised trials
with haematopoietic stem cell transplantation (HSCT) therapy as a
comparison.

Summary of main results
RBC transfusions versus standard care

Three randomised trials compared long-term RBC transfusions
to standard care. Two of these trials included children with no
previous long-term transfusions; one included children with SCI
on magnetic resonance imaging (MRI) but normal transcranial
doppler (TCD) velocities, and the other included children with
abnormal TCD velocities. The third trial included children and
adolescents on long-term transfusion whose abnormal TCD
velocities had normalised and compared continued transfusion to
halted transfusion.

Two of the three trials were terminated early due to safety concerns.

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

Children with no previous long-term transfusions and higher risk
of stroke (abnormal TCD velocities or previous history of SCI)

Long-term RBC transfusions may reduce the incidence of SCI
in children with abnormal TCD velocities; but make little or no
difference to the incidence of SCI in children with previous SCI on
MRI and normal TCD velocities.

No deaths were reported in either trial.

Long-term RBC transfusions may reduce the incidence of acute
chest syndrome (ACS), and painful crisis.

Long-term RBC transfusions probably reduce the incidence of
clinical stroke.

Long-term RBC transfusions may improve quality of life in children
with previous SCl on MRI and normal TCD velocities, but make little
or no difference to 1Q scores.

Continued transfusions versus halted transfusions

Continuing long-term RBC transfusions may reduce the incidence
of SCI in children and adolescents whose TCD velocities have
normalised.

We are very uncertain whether continuing RBC transfusions has
any effect on all-cause mortality, or clinical stroke in children and
adolescents whose TCD velocities have normalised.

Several review outcomes were only reported in one of the trialarms
(SCD-related complications and alloimmunisation).

The trial did not report quality of life or cognitive function.

Hydroxyurea versus RBC transfusions
Primary prevention in children

There were no SCI, deaths or clinical strokes in either arm of the
trial.

We are very uncertain whether switching to hydroxyurea and
phlebotomy has any effect on the risk of other SCD-related
complications (ACS or painful crisis).

The trial did not report quality of life or cognitive function.
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Secondary prevention in children and adolescents

We are very uncertain whether switching to hydroxyurea and
phlebotomy has any effect on the risk of SCI, all-cause mortality, or
clinical stroke in children and adolescents with a history of stroke.

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

The trial did not report quality of life or cognitive function.

Overall completeness and applicability of evidence

This review provides the most up-to-date assessment of the
effectiveness and safety of interventions for the prevention SCI
in children. We have identified one ongoing trial that is due to
be completed in August 2020 (NCT01389024) and we are awaiting
results from another trial conducted in adults (Vichinsky 2010).

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). Few children with HbS[B® were
included, however, they have symptoms that are clinically
indistinguishable from HbSS, and are usually treated in the same
way as children with HbSS.

« Only one trial included new or enlarged SCI as a primary
outcome (SIT 2014).

« Only one of the trials assessed secondary prevention and was
conducted in children who previously had an overt 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 staff, modern equipment, sanitary
conditions and clean, infection-free blood products (Ansong
2013; Ohene-Frempong 1999). Therefore, the risk-benefit ratio
will be different in low-income countries to those in the included
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 (at least one alpha globin gene missing) which
occurred in 22% in the transfusion arm and 9% in the standard
treatment arm (STOP 1998).

« The prevention of SCI 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 after randomisation
(SIT 2014). These figures may illustrate a relatively poor level of
acceptance of this therapy.

o The trials did not answer the question of how long RBC
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). This trial was
stopped two years early because a high proportion (39%) of
participants reverted to an abnormal TCD (predicting a higher
stroke risk) or had a stroke after transfusion was ceased. The
trial authors suggested that transfusion therapy should be
continued indefinitely (because the increased risk is presumed
to be life-long); however, 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 2006a).

« 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 TWIiTCH trial was stopped early
because after the firstinterim analysis, when 33% of participants
had completed the trial, non-inferiority was found, and non-
inferiority was confirmed again after 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. Also, it is not known if the effectiveness 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 efficacy 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 different outcomes according to GRADE methodology
(Summary of findings for the main comparison; Summary of
findings 2; Summary of findings 3; Summary of findings 4; Summary
of findings 5; Summary of findings 6). 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 HbSB° thalassaemia genotypes account for
approximately 70% of people with SCD. Individuals with these
genotypes have a higher prevalence of SCI than individuals with
HbSC and other milder forms of SCD. Nevertheless, the participant
inclusion criteria for this review is broad and rates of SCI have
been estimated to range from 3% to 38% in people with HbS/
B-thalassaemia and in 5% to 31% in people with HbSC (DeBaun
2012). A recent study in a cohort of 96 children with HbSC disease,
estimated the prevalence of SCls to be 13.5% (Guilliams 2015).
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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.

Children with no previous long-term transfusions and higher
risk of stroke (abnormal TCD velocities or previous history of
scl)

We considered all outcomes measured in the SIT trial (children with
a previous history of SCI and normal TCD velocities) to be low-
quality evidence due to either serious risk of bias, indirectness or
imprecision (SIT 2014).

In the STOP trial (children with abnormal TCD velocities), we
considered three outcomes (SCI, ACS, clinical stroke) to be low-
quality evidence due to either serious risk of bias, indirectness or
imprecision; and we considered two outcomes (all-cause mortality,
pain crisis) to be very low-quality evidence due to serious risk of
bias, indirectness and imprecision (STOP 1998). The trial did not
report cognitive function or quality of life.

In children at higher risk of stroke (abnormal TCD velocities and
SCls), we considered one outcome (clinical stroke) as moderate-
quality evidence due to indirectness; and SCD-related adverse
events (ACS and painful crises) as low-quality evidence due to
serious risk of bias and indirectness.

Transfusions continued versus transfusions halted

We considered one outcome (SCI) as low-quality evidence due to
serious risk of bias and indirectness.

We considered two outcomes (all-cause mortality, clinical stroke)
asvery low-quality evidence due to serious risk of bias, indirectness
and imprecision.

SCD-related SAEs were partially reported in one of the trial arms
and the trial did not report cognitive function or quality of life.

Hydroxyurea and phlebotomy versus RBC transfusions and
iron chelation

Primary prevention

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

« SCI

« all-cause mortality

« clinical stroke

o SCD-related adverse events (ACS, painful crises)

The trial did not report cognitive function or quality of life.

Secondary prevention

We considered one outcome (pain crisis) to be 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.
The trial did not report cognitive function 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 insufficient 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

Significant challenges remain in advancing and managing the care
of children and adults with SCD and neurological complications
(DeBaun 2016a). A recent systematic review assessed the effect of
SCl on intelligent quotient (1Q) (Kawadler 2016). Mean differences
in scores confirmed that people with stroke had lower 1Qs than
people with SCI, but people with SCI also had lower I1Q scores than
those with no SCI. The review also found that people with SCD
generally had lower IQ scores than healthy controls. The review
highlights the importance of current clinical practice to improve
cognitive function in children with SCD including the use of TCD
to identify people at high risk of stroke, long-term transfusions,
and hydroxyurea to reduce anaemia, painful crisis and disease-
specific adverse events that may also influence cognitive function
(Kawadler 2016).

The investigators in the Cooperative Study in Sickle Cell Disease
(CSSD) also established a link between MRI lesions and measurable
global cognitive function (Armstrong 1996). Studies have reported
that at least 27% of children with SCD have an SCI before
six years of age (Kwiatkowski 2009). The Baby Hug trial also
found neurocognitive decline increased with older age particularly
between the ages of 12 and 24 months (Armstrong 2013a).
Although MRI imaging was halted due to concern about sedation,
in the subset of children who had an MRI, 13% had evidence
of a silent infarct. In this report the authors also suggest that
patterns seen in infants could extend well beyond into adulthood.
As in the Kawadler review the authors suggest that as well as
the role of infarction, additional studies should consider the
effect that anaemia, and resulting haemolysis and nitric oxide
availability, may have on cognitive function (Kawadler 2016). Since
neurodevelopmental deficits appear early in life, interventions
such as RBC transfusions, hydroxyurea and HST, should be
evaluated shortly after diagnosis of SCD at an early age (Armstrong
2013a).

Inthis review it appears that long-term transfusions may reduce the
incidence of SClin children with abnormal TCD velocities, probably
reduce the incidence of stroke and may reduce SCD-related adverse
events of ACS and painful crisis. However, no association was found
between long-term RBC transfusions and measures of cognitive

« SCI;
all-cause mortality: function in the one included trial that measured this outcome
ACS 4 (SIT 2014). Most trials did not measure cognitive function or
. 5
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quality of life, and two trials have not yet reported quality of
life (SWiTCH 2012; TWITCH 2016), which are important research
gaps for consideration in future trials in order to establish whether
evidence of therapies that prevent SCI or strokes, also improve
cognitive function and quality of life.

Although in this review we found no trials that included
interventions to prevent SCI in adults with SCD, a recent study
found cumulative risk increases for SCI from 19% by eight years
of age to 39% by 18 years of age with no apparent plateau
being reached for risk of SCls which are likely common in adults
as well (Bernaudin 2015a; DeBaun 2016; DeBaun 2016a). Recent
publications have identified a high prevalence of SCls in adults
and suggests that MRI screening should be part of standard care
despite the lack of evidence-based therapy, in order to help
identify employment, vocational and disease management options
in adults with SCI (DeBaun 2012; DeBaun 2016a). More research is
needed to understand the clinical course and treatment options in
adults (DeBaun 2012). This highlights another important research
gap found in our review and the need for intervention trials to
prevent SCl and identify management options in adults.

AUTHORS' CONCLUSIONS

Implications for practice

Due to lack of evidence this review cannot comment on
management for adults with HbSS disease or children and adults
with HbS[°, HbSC or HbSB+ disease.

Long-term RBC transfusions may reduce the incidence of SCI in
children with abnormal TCD velocities, but may have little or no
effect in children with normal TCD velocities.

In children with no previous long-term RBC transfusions and at
high risk of stroke (previous SCI or abnormal TCD velocities), RBC
transfusions probably reduce the risk of stroke and also may confer
some additional advantage by reducing the rates of ACS and painful
crisis. This must be balanced against the adverse effects and costs
of a chronic transfusion regimen.

In children and adolescents at high risk of stroke who have had
their TCD velocities normalised, continuing RBC transfusions may
reduce the risk of SCI. No treatment duration threshold has been
established for stopping transfusions.

We are very uncertain if switching to hydroxyurea with phlebotomy
from long-term RBC transfusions has any effect on this review's
outcomes in children with previously abnormal TCD velocities who
do not have a severe vasculopathy.

Switching to hydroxyurea with phlebotomy from long-term RBC
transfusions may increase the risk of SCD-related adverse eventsin
children and adolescents who have had a previous clinical stroke.
However, we are very uncertain if switching to hydroxyurea with
phlebotomy has any effect on other review outcomes (SCl, clinical
stroke, all-cause mortality).

Implications for research

Information from well-designed RCTs of long-term RBC blood
transfusion regimens, hydroxyurea, or HSCT in people with SCD
are desirable in order to make recommendations for the optimal
use of interventions to prevent SCI. 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
RBC transfusion therapy for prevention of SCI. Randomised trials
comparing HSCT to hydroxyurea or RBC transfusions are also
needed. Finally trials should include measurements of cognitive
function and quality of life to determine if interventions are
improving neurodevelopmental outcomes in people with SCD.
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Methods Trial design: RCT
Trial grouping: parallel
Open label: yes

Cluster RCT: no

Participants

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

Baseline characteristics

RBC transfusions
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SIT 2014 (continued)

+ N (total number of participants): 99

o Age:5-7years: 26 (26%); 8 - 10 years: 35 (35%); 11 - 13 years: 32 (32%); 14 - 15 years: 6 (6%)
« Sex: M: 59 (60%); F: 40 (40%)

« Sickle cell genotype: not stated trial included only HbSS or HbSR°

« Ethnic origin: Black: 91 (92); White: 2 (2); other: 6 (6)

« HbS%: not reported

« Baseline Hb median (IQR): 77 (72 to 84)

« HbF% median (IQR): 9.0 (4.0 to 14.0)

« Lesions on MRI: not reported: participants had one or more lesions

« TCD velocity N (%): normal: 76 (77); conditional: 22 (22); high: 0. Velocity median (IQR): 143 (131 - 163)
+ Alpha thalassaemia: not reported

Standard care

« N (total number of participants): 97

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

o Sex: M: 52 (54%); F: 45 (46%)

« Sickle cell genotype: not stated trial included only HbSS or HbS(3°

« Ethnic origin: Black: 90 (93); White: 0; Other: 7 (7)

o HbS%: not reported

« Baseline Hb median (IQR): 79 (74 to 89)

« HbF% median (IQR): 10.0 (5.0 to 15.0)

« Lesions on MRI: not reported: participants had one or more lesions

« TCD velocity N (%): normal: 82 (85); conditional: 13 (13); high: 2 (2); velocity median (IQR): 147 (123
-168)

+ Alpha thalassaemia: not reported

Included criteria: children aged 5 - 15 years, confirmed diagnosis of haemoglobin SS or haemoglobin
SB° thalassaemia, and at least 1 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

Excluded 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 ther-
apy, or imaging or non-imaging transcranial doppler measurement that was above the trial-defined
thresholds

Interventions

Intervention characteristics
RBC transfusions

« Description: 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. RBC component: leucocyte-depleted, negative for haemoglobin S. RBC matching: ABO, Rh and
Kell antigenslron. 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 mL for 2 or more consecutive months

Standard care

« Description: 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 SCl was defined as a previously identified SCI 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
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an event that resulted in focal neurologic deficits that lasted less than 24 hours, did not result in abnor-
malities on T2-weighted or FLAIR images that were indicative of an acute infarct, and had no other rea-
sonable medical explanation

Secondary outcomes: changes in cognition, assessed by measurement of 1Q scores with the Wechsler
Abbreviated Scale of Intelligencel2 or the Wechsler Preschool and Primary Scale of Intelligence Ill; also
assessed scores on the Behavior Rating Inventory of Executive Function (BRIEF)

Identification Sponsorship source: supported by grants from the National Institute of Neuro-logical Disorders and
Stroke (5U01NS042804, 3U01NS042804 (American Recovery Reinvestment ACT supplementary grant)
to Dr DeBaun); the Institute of Clinical and Translational Scienc-es, National Center for Research Re-
sources, and the National Center for Advancing Translational Sciences, Clinical and Trans-lational Re-
search; NIH Roadmap for Medical Research (UL1TR000448, to Washington University; ULITR001079, to
Johns Hopkins University; and UL1TR000003, to the Children’s Hospital of Philadelphia); and Research
and Development in the National Health Service, UK

Country: USA, Canada, France and the UK
Setting: paediatric outpatients with SCD

Comments: 29 centres; recruitment: December 2004 to May 2010.The last participant enrolled com-
pleted the exit visit on July 29, 2013.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 par-
ticipants (102 in each group) would give the trial 85% power to detect a decrease of at least 86% in the
prevalence of the primary endpoint, assuming a 10% dropout rate and a cross-over rate of 16% from
transfusion to observation and 3% from observation to transfusion, at a 2-tailed nominal alpha level of
0.05

Authors name: Dr M.R. DeBaun

Institution: Department of Pediat-rics, Division of Hematology-Oncology, Vanderbilt-Meharry Center
of Excellence in Sickle Cell Disease, Monroe Carell Jr. Children’s Hospital

Email: m.debaun@vanderbilt.edu

Address: Department of Pediatrics, Division of Hematology-Oncology, Vanderbilt-Meharry Center of
Excellence in Sickle Cell Disease, Monroe Carell Jr. Children’s Hospital at Vanderbilt, 2200 Children’s
Way, Rm. 11206 DOT, Nashville, TN 37232

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Randomization assignments were provided by the statistical data co-

tion (selection bias) ordinating center with the use of a permuted block design, with stratification
according to site, age, and sex. Participants were assigned in a 1:1 ratio to the
observation group or the transfusion group"

Allocation concealment Low risk Judgement Comment: assignments were provided by the statistical data co-

(selection bias) ordinating centre

Blinding of participants High risk Judgement comment: by the nature of the treatments used (blood transfu-

and personnel (perfor- sions vs observation), it is impractical to make SIT trial blinded (masked)

mance bias)

All outcomes

Blinding of outcome as- Low risk Members of neuroradiology and neurology committees, who were unaware of
sessment (detection bias) the trial-group assignments, adjudicated neurologic and MRI findings
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SCl, stroke, and all-cause All-cause mortality is an objective outcome unaffected by blinding of the out-
mortality come assessor
Blinding of outcome as- High risk Judgement comment: unblinded trial

sessment (detection bias)
All outcomes except SCI,
stroke and all-cause mor-

tality
Incomplete outcome data  Low risk All outcomes reported. All participants accounted for, conducted an ITT and
(attrition bias) per protocol analysis for the primary outcomes The primary endpoint was as-
Stroke and SCI certained for 185 of the 196 participants (94%). Of the 99 participants random-
ly assigned to the transfusion group, 90 started receiving transfusions within
4 weeks after assignment. The crossover rate from transfusion 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
Incomplete outcome data  Low risk All outcomes reported. All participants accounted for, conducted an ITT and
(attrition bias) per protocol analysis for the primary outcomes The primary endpoint was as-
All outcomes except certained for 185 of the 196 participants (94%). Of the 99 participants random-
stroke and SCI ly assigned to the transfusion group, 90 started receiving transfusions within
4 weeks after assignment. The crossover rate from transfusion 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- Low risk Protocol available and all planned outcomes reported

porting bias)

Other bias Unclear risk Judgement comment: among participants in the observation group, 32% re-
ceived transfusions (a median of three transfusions each), including 6 partic-
ipants 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 par-
ticipants (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 contam-
ination and unknown effect on outcomes. 6 also crossed over to regular trans-
fusion giving 20% cross-over rate to either hydroxyurea or transfusion

STOP 1998
Methods Trial design: RCT
Trial grouping: parallel group
Open label: yes
Cluster RCT: no
Mean (SD) length of follow-up: transfusion arm: 21.0 (5.7) months; standard care: 18.3 (7.0) months
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
Participants Participant flow: screened: N = 1934; eligible: N =206 randomised: N = 130
Baseline characteristics
RBC transfusions
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+ N (total number of participants): 63

« Age: mean (SD): 8.2 (3.2) years

o Sex: M: 31 (49%)

« Sickle cell genotype N (%): not reported (trial included only HbSS or HbS[3°)
« Ethnic origin: not reported

o HbS%: 87 +10

+ Baseline Hb mean (SD) g/dL: 72 (8)

o HbF%:8.0+5.2

« Lesions on MRI: 19 (31%) in original paper; 18 out of 56 in Pegelow paper
« TCD velocity mean (SD): 223 (27)

+ Alpha thalassaemia: 14 (22%)

Standard care

« N (total number of participants): 67

« Age mean (SD): 8.4 (3.3) years

o Sex:M:29 (43%)

« Sickle cell genotype N (%): not reported (trial included only HbSS or HbS[3°)
« Ethnic origin: not reported

o HbS%:87+7

 Baseline Hb mean (SD) g/dL: 76 (7)

o HbF%:9.4+5.0

« Lesions on MRI: 25 (38%) in original paper; 29 out of 71 in Pegelow paper
« TCD velocity mean (SD): 223 (28)

« Alpha thalassaemia: 7 (9%)

Included criteria: children 2 - 16 years of age and who had been given a diagnosis of SCA or sickle 3°
thalassaemia at high risk of stroke with a blood flow velocity of at least 200 cm per second on 2 TCD tri-
als. Only children with an MRI at trial entry were included in the SCI analysis

Excluded 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 HIV, had been treat-
ed for seizures, were pregnant, or had a serum ferritin concentration above 500 ng per mL

Pretreatment: baseline Hb was higher in the standard care group. Alpha thalassaemia was more com-
mon RBC transfusion group

Interventions Intervention characteristics
RBC transfusions

 Description: In the transfusion arm the goal was to reach an HbS concentration < 30 percent of total
haemoglobin within 21 days without exceeding a haemoglobin concentration of 120 g/L and a hema-
tocrit of 36%. Exchange or simple transfusion were allowed: 63% were simple transfusions, 12% were
exchange; 25% a combination of simple and exchange. RBC were delivered in a volume of approxi-
mately 10 to 15 mL per kg of packed cells per transfusion. RBC component: leucocyte-depleted, neg-
ative for haemoglobin S. RBC matching: ABO, Rh and Kell antigensiron. 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 treatment, thus avoiding clinically
significant iron overload during the trial

Standard care

« Description: concomitant care included penicillin prophylaxis, pneumococcal vaccination, folic acid
supplementation, surgery, and treatment of acute illness, including the use of transfusion when need-
ed for transient episodes but excluding the use of hydroxyurea or anti-sickling agents. Vaccination
against hepatitis B was required if appropriate

Outcomes Primary outcome: cerebral infarction and intracranial haemorrhage
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STOP 1998 (Continued)

Secondary outcomes: death, transfusion-related adverse events

Identification

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

Country: USA & Canada

Setting: Paediatric outpatients treating children with sickle cell disease aged 2 - 16 years of age with
HbSS or HbSR° thalassaemia

Comments: declarations of interest: None; published trial registration: No registration found;
Authors name: Dr Robert J. Adams

Institution: Department of Neurology, Medical College of Georgia

Email: jadams@mcg.edu

Address: Department of Neurology, Medical College of Georgia, 1467 Harper St., HB-2060, Augusta, GA
30912-3200

Notes Screening began in January 1995 and ended in November 1996. The trial was to run to December 1998
but was stopped in September 1997
"Estimates of stroke risk for patients randomized to standard care were obtained by fitting an exponen-
tial 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 together, these values imply
that a sample size of 46 per treatment arm should provide the desired statistical power of 90% to de-
tect a 70% reduction in stroke incidence at a type | error rate of 0.05 for a two-sided test"
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk "The DCC developed permuted blocks within which treatment allocations
tion (selection bias) were randomly and evenly assigned. The blocks themselves were randomly as-
signed to each of the 12 Centers."
Allocation concealment Low risk "After telephone verification that the patient was eligible and acquisition of
(selection bias) 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."
Blinding of participants High risk Judgement Comment: clinicians and participants were unblinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk A panel of physicians with no knowledge of the children’s treatment assign-
sessment (detection bias) ments who were not affiliated with the trial centres determined whether an
SCl, stroke, and all-cause event was a stroke. The primary endpoints were cerebral infarction and in-
mortality tracranial haemorrhage. "The protocol was intended to identify all neurolog-
ic 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."
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STOP 1998 (Continued)

Blinding of outcome as- High risk
sessment (detection bias)

All outcomes except SClI,

stroke and all-cause mor-

tality

Judgement comment: unblinded trial

Incomplete outcome data  Unclear risk
(attrition bias)
Stroke and SCI

Quote: "Only those subjects who had an MRI of the brain at the time of ran-
domization were included in this analysis. Since the question being addressed
was secondary to the trial, ITT analysis was not used; treatment classifica-
tion was based on actual study experience. Five subjects randomized to the
transfusion therapy arm were managed with standard care. The parents of 3
children refused transfusion therapy, another child was not compliant with
monthly appointments, and 1 child who developed a delayed transfusion re-
action could not be provided phenotypically matched blood. For this analy-
sis, all 5 of these patients are considered to be in the standard care treatment
arm."

Judgement comment: this is a subgroup analysis that included only those with
an MRl and done by treatment and not ITT

Incomplete outcome data  Low risk
(attrition bias)

All outcomes except

stroke and SCI

Judgement comment: an ITT analysis was used, despite 12 participants cross-
ing over between groups (2) or withdrawing from the trial (10). Reasons were
provided. 10 participants from the transfusion group withdrew from the trial
because of problems 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 sec-
ond day due to diagnosis of subacute intracerebral hematoma and the other
after 12 months for treatment of leg ulcers

Selective reporting (re- Unclear risk
porting bias)

Judgement comment: no protocol available and no prospective trial registra-
tion

Other bias Unclear risk

Quote: "Since equipment or imaging programs were upgraded during the
course of the study, the quality of later MRI studies was frequently better than
those done earlier. As a result, some lesions seen on later studies could, in ret-
rospect, be seen on those previously reported as showing no abnormality. In
that case, the earlier result was changed to reflect the latest reading."

Judgement comment: "Four interim analyses and one final analysis were
planned, with the Lan-DeMets approximation of the O’Brien-Fleming stop-
ping 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 sec-
ond 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."

Itis unclear if there could be an effect on the estimate with a change in read-
ings; or early termination of the trial, even though recommended by the Safety
committee

STOP 2 2005

Methods Trial design: RCT
Trial grouping: parallel

Open label: yes
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Cluster RCT: no

Mean length of follow-up: the median time from randomisation to an end-point event was 3.2 months
(range, 2.1t0 10.1), and the mean (SD) was 4.5 (2.6) months

Participants

Baseline characteristics
Transfusions continued

+ N (total number of participants): 38

« Age: mean (SD): 12.5 (3.3) years

« Sex: male: 20 (53%)

« Sickle cell genotype: not reported (trial included only HbSS or HbS[30)
« Ethnic origin: not reported

« HbS% Mean (SD): 21.0 (8.6)

» BaselineHb g/dL:93+9

« HbF% Mean (SD): 2.4 (1.8)

« Lesionson MRI: 10 (26%)

« TCD velocity mean (SD): 139 (16) cm/s
+ Alphathalassaemia: not reported

Transfusions halted

« N (total number of participants): 41

« Age:mean (SD): 12.05 (3.1)

« Sex: male: 13 (32%)

« Sickle cell genotype: not reported (trial included only HbSS or HbS[3°)
« Ethnic origin: not reported

« HbS% mean (SD): 19.0 (11)

» BaselineHb g/dL:98 + 12

« HbF% mean (SD): 2.3 (1.5)

« Lesionson MRI: 11 (27%)

« TCD velocity mean (SD): 143 (18) cm/s
+ Alpha thalassaemia: not reported

Thalassaemia presence reported but not by treatment arm

Included 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 - 20 years; consent to participate in trial

Excluded criteria: prior stroke; Indication for chronic transfusion; contraindication for chronic trans-
fusion; moderate-to-severe intracranial arterial disease on MRA. The STOP Il trial excluded people with
severe artery stenosis detected on MRA thus eliminating a known risk factor for SCI

Interventions

Intervention characteristics
Transfusions continued

« Description: transfusion could be simple, manual exchange or automated exchange. RBC component:
leucocyte-depleted, negative for haemoglobin S antigens.RBC matching: ABO, Rh and Kell antigen-
slron chelation: chelation therapy with the use of deferoxamine was recommended if serum ferritin
levels exceeded 2500 ng per mL

Transfusions halted
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« Description: participants in the transfusion-halted group could receive transfusions to treat complica-
tions of SCD. Initiation of hydroxyurea therapy or regular transfusion was designated as a cross-over
and data were censored on the patient as of the date of treatment

Outcomes

Primary outcome: composite endpoint was a stroke (cerebral infarction or intracranial haemorrhage)
or reversion to abnormal velocity on TCD ultrasonography, defined as 2 consecutive studies with ab-
normal 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

Identification

Sponsorship source: supported by grants (U01 HL 052193 and U01 HL 052016) from the National Heart,
Lung, and Blood Institute

Country: USA and Canada

Setting: Multicentre extension study of STOP trial conducted in 23 centres (including the 12 centres in
STOP)

Authors name: Dr Robert J Adams
Institution: Medical College of Georgia
Email: rjadams@mcg.edu

Address: Department of Neurology, Medical College of Georgia, 1429 Harper St., HF 1154, Augusta, GA
30912,

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

Notes

Children were monitored by transcranial Doppler examinations after transfusions were halted and by
resuming transfusions if the examination 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 transfusions to prevent a first stroke.The trial
was meant to last 54 months and involve 50 participants in each group, with 60 of the participants en-
rolled during the first 12 months and 40 during the next 24 months; after recruitment ended, there were
18 months of follow-up. 4 interim analyses and 1 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

Trial registration: no registration found. Power calculation: for a 54-month trial involving 50 partic-
ipants in each group, with 60 of the participants 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 data safety and monitor-
ing 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
absence of ischaemic lesions on MRI; random, permuted blocks of four or six
participants were used within each group as defined by MRI. Institutional bal-
ancing with a tolerance of two participants per site was imposed to maintain
an approximate balance in treatment assignments at each site. Eligible partic-
ipants underwent randomization with equal probability of continuing or halt-
ing transfusion."

Allocation concealment Unclear risk Judgement comment: method of allocation concealment not reported
(selection bias)
Interventions for preventing silent cerebral infarcts in people with sickle cell disease (Review) 51

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= COCh rane Trusted evidence.
o § d decisions.
N LI b ra ry g‘e;::'leleal:l:.lswns

Cochrane Database of Systematic Reviews

STOP 2 2005 (Continued)

Blinding of participants High risk
and personnel (perfor-

mance bias)

All outcomes

Judgement comment: participants and personnel were unblinded

Blinding of outcome as- Low risk
sessment (detection bias)

SCl, stroke, and all-cause

mortality

"Allimages were reviewed for the presence, size, and location of ischemic le-
sions by 2 experts who were unaware of the treatment assignment. Review
was done independently, and in case of disagreement, the 2 experts reviewed
the images jointly until a consensus was reached. When annual studies or
those obtained at the time of a clinical event were read, they were compared
with previously obtained images. Stroke was defined as persistent abnormali-
ties or transient neurologic symptoms accompanied by a new cerebral lesion
appropriate to the patient’s clinical presentation. Silent infarcts were defined
by evidence of cerebral infarction on MRI in patients without a compatible his-
tory of a cerebrovascular event."

Judgement comment: all-cause mortality unaffected by blinding - objective
outcome

Blinding of outcome as- High risk
sessment (detection bias)

All outcomes except SClI,

stroke and all-cause mor-

tality

Judgement comment: unblinded for outcomes that were not SCI, stroke, or
mortality

Incomplete outcome data  Low risk
(attrition bias)
Stroke and SCI

One participant in each group had no follow-up brain MRI

Incomplete outcome data  Unclear risk
(attrition bias)

All outcomes except

stroke and SCI

An ITT analysis was performed. There was no statistically significant differ-
ence in the mean follow-up time of participants in the continued transfusion
(464 days) and transfusion-halted (523 days) groups. Data on nine participants
assigned to no continued transfusion who did not have a primary end-point
event were censored: five of these participants resumed chronic transfusion
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- Unclear risk
porting bias)

Judgement comment: 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 Judgement comment: the trial was stopped by the National Heart, Lung, and
Blood Institute on the advice of the data safety and monitoring committee be-
cause of concern about safety at the fourth interim analysis

SWITCH 2012
Methods Trial design: RCT

Trial grouping: parallel group

Open Label: yes

Cluster RCT: no

Total duration of trial treatment was 30 months after randomisation, with a final trial visit scheduled 6
months after discontinuation of trial treatments
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SWITCH 2012 (Continued)

Non-inferiority trial

Participants

Screened: N =202; enrolled: N =161; randomised: N = 134
Baseline characteristics
RBC transfusions

+ N (total number of participants): 66

« Age mean (SD): 13.3 (3.8) years

« Sex: male: 31 (47%)

« Sickle cell genotype: HbSS: 66 (100%)
« Ethnic origin: not reported

« HbS% median (IQR): 27.0 (21.2 - 38.6)
« Baseline Hb median (IQR): 92 (86 - 97)
« HbF% median (IQR): 1.7 (1.0 - 2.5)

« Lesions on MRI: 65 (98%)

« TCD velocity: not reported

+ Alphathalassaemia: not reported

Hydroxyurea

+ N (total number of participants): 67

« Age:mean (SD): 13.0 (4.0) years

« Sex: male: 41 (61%)

« Sickle cell genotype: HbSS: 66 (99%)

« Ethnic origin: not reported

« HbS%: median (IQR): 30.3 (23.8 - 39.6)
« Baseline Hb: median (IQR): 92 (85 - 96)
« HbF%: median (IQR): 1.4 (0.8 - 2.2)

« Lesions on MRI: 67 (100%)

« TCD velocity: not reported

+ Alpha thalassaemia: not reported

Included criteria: paediatric participants with severe forms of SCA (HbSS, HbS/B°-thalassaemia, HbS/
OArab;); age range of 5.0 - 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

Excluded 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 clin-
ical trials; current use of other therapeutic agents for SCD (e.g. arginine, decitabine, magnesium); any
condition or chronic illness, such as a positive tuberculin (PPD) test, which in the opinion of the investi-
gator 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

Interventions

RBC transfusions

« Description: for standard treatment (blood transfusion +iron chelation) participants received month-
ly blood transfusions designed to maintain 30% HbS, with local discretion regarding transfusion type
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SWITCH 2012 (Continued)

(e.g. simple or erythrocytapheresis). RBC component: not reported; RBC matching: not reported;
iron chelation: daily iron chelation

Hydroxyurea

« Description: 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 designed to protect against recurrent stroke during hydroxyurea dose escalation. Once MTD
was reached and transfusions were discontinued, phlebotomy commenced with a target of 10 mL/kg
(maximum volume, 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

Identification

Sponsorship source: National Heart, Lung, and Blood Institute grants U01-HL078787 (R.E.W.) and U01-
HLO78987 (R.W.H.)

Country: USA
Setting: 26 paediatric outpatients treating children with SCD

Comments: declarations of interest: The authors declare no competing financial interests. Trial regis-
tration: ClinicalTrials.gov NCT00122980

Authors name: Russell E. Ware
Institution: Center for Global Health, Baylor College of Medicine and Texas Children’s Hospital,
Email: reware@bcm.edu

Address: Russell E. Ware, MD, PhD, Director, Centerfor Global Health, Baylor College of Medicine and
Texas Children’s Hospital, 1102 Bates St, Ste FC-1145, Houston, TX 77030

Notes "Study exit examinations were performed in 112 children (75%) who did not experience an adjudicated
stroke and the examinations revealed few changes. Only 1 subject (alternative treatment) developed a
new subcortical lacuna, consistent with silent infarction occurring during the study treatment period.
Similarly, only 1 subject had progressive vasculopathy (evolved from grade 0 to grade 4); this subject
was also in the alternative treatment arm."

Analysis: because reduction in LIC was not superior on hydroxyurea/phlebotomy, the DSMB concluded
that the composite primary endpoint 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

Power calculation: not stated

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Judgement comment: method of sequence generation not reported

tion (selection bias)

Allocation concealment Unclear risk Judgement comment: method of allocation concealment not reported

(selection bias)

Blinding of participants High risk Judgement comment: by the nature of the trial treatments used to prevent re-

and personnel (perfor-
mance bias)

current stroke (blood transfusions vs hydroxyurea), it is impractical to make
SWITCH a blinded (masked) trial
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SWITCH 2012 (Continued)
All outcomes

Blinding of outcome as- Low risk Judgement comment: the inclusive independent stroke adjudication process
sessment (detection bias) for all suspected new neurological events is a novel feature of the trial. Stroke
SCl, stroke, and all-cause recurrence is a primary endpoint but also is a critical safety endpoint for the
mortality SWITCH trial. Accordingly, it was necessary to develop an inclusive process
by which all potential stroke events were recognized and systematically adju-
dicated using a standardised protocol and masked consultants. Participants
who develop any acute neurological change are promptly evaluated for pos-
sible stroke. In addition, 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 neurologi-
cal event is suspected, the stroke adjudication process begins. The clinical his-
tory and neurological exam are reviewed by 3 independent neurologists with-
out knowledge of the imaging findings. Simultaneously, the radiological eval-
uation is reviewed by 3 independent masked neuroradiologists without knowl-
edge of the clinical history or neurological examination. Only after their inde-
pendent consensus opinions are formed are these two opinions reconciled in-
to afinal stroke adjudication decision; a diagnosis of stroke requires new neu-
rological findings with corresponding radiological changes
Blinding of outcome as- High risk Judgement comment: the SWIiTCH principal investigator was masked to all
sessment (detection bias) treatment-specific results, including laboratory tests and clinical events. In ad-
All outcomes except SCl, dition, all investigators at the peripheral clinical sites are masked to trial treat-
stroke and all-cause mor- ment results outside of their own clinical centre
tality
Incomplete outcome data  Low risk The primary statistical analyses of efficacy and safety will be performed on the
(attrition bias) ITT population, which consists of all subjects who were randomised to a trial
Stroke and SCI treatment and for whom outcome data are available
Incomplete outcome data  Low risk The primary statistical analyses of efficacy and safety will be performed on the
(attrition bias) ITT population, which consists of all subjects who were randomised to a trial
All outcomes except treatment and for whom outcome data are available
stroke and SCI
Selective reporting (re- High risk Judgement comment: several secondary outcomes not reported (i.e. quality
porting bias) of life, growth and development, organ damage, transfusion-related, chela-
tion-related and phlebotomy related complications)
Other bias Unclear risk Judgement comment: the DSMB concluded that the composite primary tri-
al endpoint would not be met and recommended trial closure. NHLBI closed
SWITCH - N =40 did not complete treatment phase in transfusion/iron chela-
tion arm and N =43 did not complete treatment phase in hydroxyurea/phle-
botomy arm. More participants had moya-moya in the hydroxyurea arm (11
participants) than the transfusion 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 vasculopathy
TWITCH 2016
Methods Trial design: RCT
Trial grouping: parallel group
Open Label: yes
Cluster RCT :no
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Duration: 24 months after randomisation with a 6-month visit after completing exit studies

Participants

Screened: N = 159; excluded: N = 38; randomised: N =121
Baseline characteristics
RBC transfusions

+ N (total number of participants): 61
« Age: mean (SD): 9.5 (2.68) years

« Sex: male: 19 (31%)

« Sickle cell genotype HbSS: HbSS: 59 (97%)
« Ethnic origin: not reported

« HbS% mean (SD): 26.5(10.3)

« Baseline Hb (g/L) mean (SD): 93 (8)
« HbF% mean (SD): 10.3 (6.5)

« Lesions on MRI: 25 (41%)

« TCD velocity mean (SD): 145 (21)

+ Alphathalassaemia: not reported

Hydroxyurea

+ N (total number of participants): 60
« Age:mean (SD): 9.7 (3.2) (years)

« Sex: male: 29 (48%)

« Sickle cell genotype HbSS: HbSS: 60 (100%)
« Ethnic origin: not reported

o HbS% mean (SD): 27.6 (9.9)

« Baseline Hb (g/L) Mean (SD): 93 (8)
« HbF% mean (SD): 8.8 (5.5)

« Lesions on MRI: 22 (37%)

« TCD velocity mean (SD): 145 (26)

+ Alpha thalassaemia: not reported

Included criteria: inclusion criteria: children aged 4 - 16 years with severe forms of SCA (HbSS, HbSB°
thalassaemia, HbSOArab),documented index (pre-treatment) abnormally high TCD velocity by TCD ul-
trasonography. An abnormally high index TCD is defined as TCD V greater than or equal to 200 cm/s, or
abnormally high TCDi V greater than or equal to 185cm/sec, or TCD maximum V greater than or equal to
250 cm/s. At least 12 months of chronic monthly RBC transfusions since the index abnormal TCD exam-
ination. 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 enrol-
ment. Parent or guardian willing and able to provide informed consent with verbal or written assent
from the child. Ability to comply with trial-related treatments, evaluations, and follow-up

Excluded criteria: completed overt clinical stroke or TIA. Inability to obtain TCD velocities due to
anatomical abnormalities such as: a) inadequate bone windows; b) previous revascularisation proce-
dures. Known severe vasculopathy or moya-moya disease on brain MRA. Inability to receive or toler-
ate chronic RBC transfusion therapy, due to any of the following: Multiple RBC alloantibodies making
cross-matching difficult or impossible; RBC autoantibodies making cross-matching difficult or impos-
sible; religious objection to transfusions that preclude their chronic use; non-compliance with transfu-
sions over the past 6 months before enrolment (temporary exclusion); inability to take or tolerate dai-
ly oral hydroxyurea, including: known allergy to hydroxyurea therapy; positive serology to HIV infec-
tion; malignancy; current lactation; previous stem cell transplant or other myelosuppressive therapy;
clinical and laboratory evidence of hypersplenism (temporary exclusions): a) palpable splenomegaly
greater than 5 cm below the left costal margin; transfusion requirement > 250 mL/kg over the previous
12 months; abnormal laboratory values at initial evaluation (temporary exclusions): pre-transfusion
haemoglobin concentration <80 g/L WBC count less than 3.0 x 109/L; absolute neutrophil count < 1.5 x
109/L; platelet count < 100 x 109/L; serum creatinine more than twice the upper limit for age OR greater
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than or equal to 1.0 mg/d; current participation in other therapeutic clinical trials; current use of other
therapeutic agents for SCD (e.g. arginine, decitabine, magnesium)

Subjects must have been off hydroxyurea for at least 3 months prior to enrolment. Any condition or
chronicillness, such as a positive tuberculin (PPD) test, which in the opinion of the Cl makes participa-
tion ill-advised. Inability or unwillingness to complete required screening and exit studies, including
TCD ultrasonography, brain MRI/MRA, liver MRI and blood tests. A sibling enrolled in TWiTCH; pregnan-
cy or unwillingness to use a medically acceptable form of contraception if sexually active (male OR fe-
male).

Pretreatment: alpha thalassaemia not reported. Mild to moderate vasculopathy: 6 (10%) in RBC arm

and 4 (7%) in hydroxyurea arm. Most baseline demographic, clinical, and laboratory characteristics
were similar between treatment groups, except for higher white blood cell and absolute neutrophil
counts and higher bilirubin concentrations in the alternative group

Interventions

Intervention characteristics

RBC transfusions

Description: 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 erythrocy-
tapheresis). RBC component: not reported; RBC matching: not reportediron 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/day with
the dose dependent on liver iron concentration at screening

Hydroxyurea

Description: 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 reticulocytes was achieved. Transfusions were slowly weaned in accordance with a
standard protocol over 4 - 9 months. After MTD had been established and transfusions were discon-
tinued, patients receiving hydroxycarbamide underwent serial phlebotomy to manage iron overload.
Every 4 weeks until the end of the 24 month treatment period, 10 mL/kg (maximum 500 mL) venous
blood was removed during 30-60 min in accordance with a standardised protocol.15,16 Smaller phle-
botomy volumes (5 mL/kg) were removed if patients had haemoglobin concentrations of 80 - 85 g/L,
and phlebotomy was not done if haemoglobin concentration was less than 80 g/L.

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

Identification

Sponsorship source: National Heart, Lung, and Blood Institute through grants R01 HL-095647 (REW)
and RO1 HL-095511 (BRD)

Country: USA & Canada

Setting: 26 paediatric hospital and health centres in children with abnormal TCD velocities greater or
equal to 200 cm/s but no vasculopathy

Comments: declarations of interest: All authors declared trial registration: ClinicalTrials.gov, number
NCT01425307; .

Authors name: Russell E Ware

Institution: Cincinnati Children’s Hospital Medical Center

Email: russell. ware@cchmc.org

Address: Cincinnati Children’s Hospital Medical Center, Cincinnati, OH 45229, USA
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Notes 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: 2 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 af-
ter 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

In hydroxyurea group 2 participants did not reach MTD because of medication non-adherence leading
to trial withdrawal and 1 participant had an early adjudicated TIA during the overlap period while on
both hydroxyurea and transfusions. 6 events in 6 children were deemed TIA (3 in each group)

Classified in Ware appendix as SAEs - include infections/fever, neurological, hepatobiliary disease,
splenomegaly/splenectomy

In the standard group, average serum ferritin remained stable at 2713 ng/mL at baseline and 2674 ng/
mL at trial exit, and average liver iron concentration increased slightly from 8:5 mg Fe per g dry weight
liver to 11-3 mg Fe per g dry weight liver (P = 0-052). 19 adverse events were attributed to deferasirox
chelation treatment, which occurred in nine (15%) participants assigned to the standard group, 18 ad-
verse events were attributed to phlebotomy procedures, which occurred in 14 participants (23%) as-
signed to receive hydroxyrea.In the alternative group, the average serum ferritin decreased from 3080
ng/mL at baseline to 1276 ng/mL at trial exit (P <0-0001), and average hepatic iron decreased from 11-3
mg Fe per g dry weight liver to 9-5 mg Fe per g dry weight liver P =0-001). Compared with the standard
group, iron overload improved more in the alternative group, with a difference in ferritin change of -
1047 ng/mL (95% Cl -1524 to -570; P <0-001) and a difference in liver iron change of -4-3 mg Fe per g
dry weight liver (-6-1 to -2-5; P =0-001; table 2)

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Randomisation was done centrally, stratified by site with a block size
tion (selection bias) of four, and we used an adaptive randomisation scheme to balance the covari-
ates of baseline age and TCD velocity (appendix).”

Judgement comment: 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 max-
imum 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 2 base-
line factors: (1) the mean of the 2 screening TCD velocity values; and (2) par-
ticipant age at enrolment. Block sizes will be fixed at 4 to maintain equal sam-
ple sizes in the 2 arms within a given site every fourth randomisation. Random
block size was not employed due to the small number of participants except-
ed at each clinical site. Assignment within a given block of 4 will be random-
ly ordered and will vary from block to block. The first 8 participants to be ran-
domised will be assigned to a treatment arm based on the site-specific uncon-
strained random allocation scheme

Allocation concealment Low risk Judgement comment: from appendix: this process assures that the differences

(selection bias) in mean baseline age and mean baseline TCD velocity between the 2 arms, af-
ter the participant’s randomisation, do not exceed a critical value determined
by a statistical probability distribution. Adaptive randomisation and trial-wide
imbalance constraints and other constraints 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 co-variates of baseline age and TCD velocity
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Blinding of participants High risk
and personnel (perfor-

mance bias)

All outcomes

Cochrane Database of Systematic Reviews

Judgement comment: participants and personnel are unblinded

Blinding of outcome as- Low risk
sessment (detection bias)

SCl, stroke, and all-cause

mortality

Judgement comment: TCD examinations were done just before transfusions
or phlebotomy, and all were read centrally by observers masked to treatment
assignment and previous TCD results. All new potential stroke events were
assessed with careful neurological evaluation and brain MRI/MRA examina-
tions, then adjudicated centrally by a panel of expert reviewers. Independent
and then consensus opinions were obtained from neurologists and neurora-
diologists masked to trial treatment. Brain MRI/MRA examinations at trial ex-
it allowed us to confirm that no strokes had been missed by the adjudication
process

Judgement comment: al-cause mortality is an objective outcome unaffected
by blinding of the outcome assessor

Blinding of outcome as- High risk
sessment (detection bias)

All outcomes except SClI,

stroke and all-cause mor-

tality

Judgement comment: unblinded trial

Incomplete outcome data  Low risk
(attrition bias)
Stroke and SCI

All randomised participants included in safety and efficacy analysis

Transfusion arm: 0 lost to follow-up; 8 discontinued intervention; 3 adjudi-
cated 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 adjudicated TIA; 3 non-ad-
herence

Incomplete outcome data  Low risk
(attrition bias)
All outcomes except

All randomised participants included in safety and efficacy analysis.

Transfusion arm: 0 lost to follow-up; 8 discontinued intervention; 3 adjudicat-

stroke and SCI ed TIA; TCD velocity > 240 cm/s; 2 non-adherence; 1 difficulty finding matched
blood; 1 chose to withdraw
Hydroxyurea arm: 6 discontinued intervention; 3 adjudicated TIA; 3 non-ad-
herence

Selective reporting (re- Unclear risk Judgement comment: some outcomes will be reported in future papers

porting bias)

Other bias Unclear risk

Judgement comment: children with severe vasculopathy were excluded from
TWITCH trial during screening, so these children might not be suitable can-
didates for hydroxyurea. Mean age of the trial participants was slightly older
than the peak age for primary stroke (about 5 - 6 years), yet still within the pub-
lished 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 veloci-
ties, an accepted surrogate for primary stroke risk in children with SCA, still be
some uncertainty with regards to effectiveness for stroke prevention in certain
populations and over timeAfter full enrolment and when 37% of the partici-
pants 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, repeat analyses supported these findings and the
trial was terminated by NHLBI. Remaining participants then completed all ex-
it studies before discontinuing protocol-directed trial treatment. In total, the
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standard group included 42 participants who completed trial treatment, 11
who had truncated treatment, and 8 who exited early; the alternative group in-
cluded 41 participants who completed treatment, 13 who had truncated treat-
ment, and 6 who exited early

IQR: interquartile range

ITT: intention-to-treat

MRA: magnetic resonance angiography
MRI: magnetic resonance imaging
MTA: maximum tolerated dose
RBC: red blood cell

RCT: randomised controlled trial
SCA: sickle cell anaemia

SCD: sickle cell disease

SCl: silent cerebral infarcts

TCD: transcranial doppler

TIA: transient ischaemic attack
WBC: white blood cell

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Adams 1999 Not a RCT
BABY HUG 2011 Not designed to assess SCl-related outcomes
DREPAGREFFE 2019 Not a RCT
Howard 2018 Wrong intervention
Kawadler 2016 systematic review
Kwiatkowski 2019 Not a RCT
Manwani 2012 Review
Misra 2017 Wrong intervention & not designed to assess SCl-related outcomes
NCT00004485 Not a RCT
NCT00402480 Not a RCT
NCT01801423 Not a RCT
NCT01987908 Wrong intervention & not designed to assess SCl-related outcomes
NCT02114203 Wrong intervention & not designed to assess SCl-related outcomes
NCT02560935 Not designed to assess SCl-related outcomes
NCT02675790 Not designed to assess SCl-related outcomes
NCT02813850 Wrong intervention & not designed to assess SCl-related outcomes
NCT03128515 Not designed to assess SCl-related outcomes
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Study Reason for exclusion

NCT03401112 Wrong intervention & not designed to assess SCl-related outcomes
NCT03666806 Not designed to assess SCl-related outcomes

NCT03975894 Not designed to assess SCl-related outcomes

NCT03976180 Wrong intervention & not designed to assess SCl-related outcomes
NCT04084080 Not designed to assess SCl-related outcomes

Steinberg 2010 Not a RCT

Washington 2018 Wrong intervention & not designed to assess SCl-related outcomes

RCT: randomised controlled trial

Characteristics of studies awaiting assessment [ordered by study ID]

Vichinsky 2010

Methods Randomised controlled trial

Participants Inclusion criteria: completion of all components of the Phase 1 trial (NCT00528801); Wechsler
Adult Intelligence Scale (WAIS) Ill-Performance 1Q (PIQ) score < 90, hemoglobin < to0 9.0 g/dL. Peo-
ple who did not complete Phase | of the trial are eligible for enrolment in this trial if they meet all
of the following criteria: capable of giving informed consent for the trial; willing to undergo transfu-
sion therapy for 6 months; African descent; proficient/fluent in English; haemoglobin electrophore-
sis confirming haemoglobin SS or SBO (< 15%); WAIS 11I-P1Q score < 90; hemoglobin <9.0 g/dL;
MMSE score of = 20; POMS score on the Depression-Dejection Subscale <40

Exclusion criteria: history of life threatening or serious transfusion complications; lack of venous
access; current enrolment in the Arginine study (NCT00513617); pregnant; refusal of transfusion;
history of unexplained severe haemolytic transfusion reaction; history of serious allergic, pul-
monary transfusion reaction requiring hospitalisation; positive auto-immune haemolytic anaemia
(direct Coombs test with 1gG and complement); multiple (3 or more) clinically significant allo-an-
tibodies due to common antigens (e.g. EC, Kel), uncommon, clinically significant antibody that re-
sults in difficulty in finding matched units (e.g. anti-JKB); currently taking hydroxyurea and not on
a stable dose in the 6 months before trial entry; creatinine level > 1.7 mg/dL,; ferritin level > 1500
ng/mL or quantitative liver iron level > 7 mg/g dry weight and not currently on iron chelation ther-
apy. This is a pilot transfusion in which only 6 months of transfusion will be utilized. The likelihood
of iron overload induced toxicity from the transfusions over the 6 months is very small. Further-
more, ferritin is disproportionately elevated in SCD and overestimates the iron burden. Therefore,
a quantitative liver iron or ferritin level (or both) has been included as criteria for exclusion.) Major
infarct identified on Phase | MRI. Currently on Procrit or related drug that stimulates RBC produc-
tion

In addition to the exclusion criteria listed above, people who did not complete Phase | (or who
completed Phase | more than 1 year prior to enrolment into this trial) are disqualified for enrol-
ment in this trial if they meet any of the following criteria: overt stroke; previous evidence of an ab-
normal MRI or computed axial tomography (CT) scan other than small periventricular or watershed
lesions; history of head injury that resulted in neurological symptoms or medical visit; abnormal
neurological exam with focal findings; alcohol consumption exceeding 14 drinks/week if female

or 21 drinks/week if male; drug abuse, as defined as using non-prescribed medication; history of
claustrophobia and/or presence of metallic implants such as pacemakers, surgical aneurysm clips,
or known metal fragments embedded in the body; baseline blood pressure greater than 140/90
mm Hg on 2 repeated measurements (a second measurement is needed only if the first is greater
than 140/90 mm Hg); history of uncontrolled hypertension; any long-term disorder that may result
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in neurocognitive or brain dysfunction that is not secondary to SCD (including any of the following:
inflammatory arterial disorders (e.g. lupus, polyarteritis); history of cancer requiring chemothera-
py and/or radiation; untreated hyperlipidaemia; diabetes; ongoing active infection such as HIV, tu-
berculosis, or sarcoidosis; history of long-term blood transfusion; long-term kidney failure/dialy-
sis; long-term lung disease characterized by a need for oxygen; morbid obesity (i.e. weight greater
than 115 kg); heart disease (including a history of congestive heart failure, history of severe coro-
nary artery disease characterized by angioplasty or surgery, or history of angina); active hepatitis
or liver failure; acquired or congenital immune deficiency; history of psychoses (e.g. delusions, hal-
lucinations) and/or schizophrenia; neurodegenerative disorder; genetic disorder associated with
neurocognitive dysfunction such as Down Syndrome; other long-term illness or disorder other than
SCD that will adversely affect the person's performance in the trial)

Interventions RBC transfusions, standard care

Outcomes Safety and benefits of transfusion therapy on neurocognitive function

Frequency and severity of acute sickle cell events

Notes The primary author has been contacted for the full trial report and results

MMSE: Mini-Mental Status Examination
POMS: Profile of Mood States

RBC: red blood cell

RCT: randomised controlled trial

SCD: sickle cell disease

Characteristics of ongoing studies [ordered by study ID]

NCT01389024

Trial name or title Hydroxyurea to Prevent Brain Injury in Sickle Cell Disease (HUPrevent)

Methods RCT

Participants Inclusion criteria: participant must have sickle cell anaemia (haemoglobin SS) or sickle Beta-ze-
ro (null) thalassaemia (haemoglobin S-B0) as confirmed at the local institution by haemoglobin
analysis after 6 months of age. Participant must be 9 - 48 months of age. All screening procedures
except MRI can be completed between 9 and 12 months of age, with the exception of the MRI, for
which the child must have reached the age of 12 months. Informed consent must be signed by the
participant's legally authorized guardian acknowledging written consent to join the trial. Inclusion
criteria for randomisation participant must be 12 - 54 months of age. Participant must have suc-
cessfully completed screening procedures (TCD, MRI of the brain, neurology exam, and cognitive
evaluation)

Exclusion criteria: history of a focal neurologic event lasting more than 24 hours with medical doc-
umentation or a history of prior overt stroke. Other neurological problems, such as neurofibro-
matosis, lead poisoning, non-febrile seizure disorder, or tuberous sclerosis. Known HIV infection.
Treatment with anti-sickling drugs or hydroxyurea within 3 months or anticipated treatment dur-
ing the course of the trial. Chronic blood transfusion therapy, ongoing or planned. Poor adherence
likely per his/her hematologist and trial co-ordinator based on previous compliance in clinic ap-
pointments and following advice. Presence or planned permanent (or semi-permanent) metallic
structures attached to their body. (e.g. braces on teeth), which their physicians believe will inter-
fere with the MRI of the brain. History of two or more TCD studies with a velocity = 200 cm/s by the
non-imaging technique, or = 185 cm/s for the imaging technique or a indeterminate TCD. Signifi-
cant cytopenias (ANC < 1500/l, platelets < 150,000/, reticulocytes < 80,000/ul, unless the haemo-
globin is>9 g/dL). Cytopenias will be considered transient exclusions. Other significant organ sys-
tem dysfunction, known allergy or intolerance of hydroxyurea, significant prematurity (gestation-
al age of <32 weeks). Exclusion criteria for randomisation participants whose MRI show a silent or
overt cerebral infarct. Participants who have a non-imaging TCD trial with a velocity = 185 cm/s or
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NCT01389024 (Continued)

a TCD that is indeterminate. Participants with abnormal kidney function (creatinine > 0.8 mg/dL)
Significant cytopenias (ANC) < 1500/, platelets < 150,000/pl, reticulocytes < 80,000/pl, unless the
haemoglobin is > 90 g/L). Cytopenias will be considered transient exclusions

Interventions

Hydroxyurea, placebo

Outcomes

Primary outcome measures: CNS complication (time frame: 3 years). A composite of abnormally el-
evated cerebral blood flow velocity as measured by TCD ultrasound, SCI, or stroke

Secondary outcome measures: proportion of participants with SAEs attributed to trial procedures
(time frame: 3 years).

Also evaluating the safety of trial procedures including the sedation required to obtain MRI of the
brain in young children and administration of hydroxyurea

Proportion of participants undergoing randomisation (time frame: 6 months). Evaluating the pro-
portion of screened participants that undergo randomisation to hydroxyurea or placebo

Starting date

October 2011

Contact information

James F. Casella Rainey Professor of Pediatric Hematology, Johns Hopkins University, jcasella@jh-
mi.eduBaltimore, Maryland, USA, 21287

Notes

Estimated completion date: August 2020

ANC: absolute neutrophil count
CNS: central nervous system

MRI: magnetic resonance imaging
RCT: randomised controlled trial
SAEs: severe adverse events

SCl: silent cerebral infarcts

TCD: transcranial doppler

DATA AND ANALYSES

Comparison 1. Red blood cell transfusions vs standard care

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Proportion of participants devel- 2 Risk Ratio (IV, Random, 95% Totals not selected
oping new or progressive SCl le- Cl)
sions
1.1 Normal TCD velocities 1 Risk Ratio (IV, Random, 95% 0.0[0.0,0.0]

Cl)
1.2 Abnormal TCD velocities 1 Risk Ratio (IV, Random, 95% 0.0[0.0,0.0]

Cl)
2 SCD - related serious adverse 2 326 Risk Ratio (IV, Random, 95% 0.24[0.12,0.49]
events - acute chest syndrome Cl)
2.1 Normal TCD velocities 1 196 Risk Ratio (IV, Random, 95% 0.20[0.08, 0.51]

Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

2.2 Abnormal TCD velocities 1 130 Risk Ratio (IV, Random, 95% 0.30[0.11,0.87]
Cl)

3 SCD-related serious adverse 2 326 Risk Ratio (IV, Random, 95% 0.63[0.42,0.95]

events - pain crisis Cl)

3.1 Normal TCD velocities 1 196 Risk Ratio (IV, Random, 95% 0.56 [0.40,0.78]
Cl)

3.2 Abnormal TCD velocities 1 130 Risk Ratio (IV, Random, 95% 0.90[0.44, 1.86]
cl

4 Clinical stroke 2 326 Risk Ratio (IV, Random, 95% 0.12[0.03, 0.49]
cl)

4.1 Normal TCD velocities 1 196 Risk Ratio (IV, Random, 95% 0.14[0.02,1.12]
Cl)

4.2 Abnormal TCD velocities 1 130 Risk Ratio (IV, Random, 95% 0.10[0.01,0.73]

Cl)

5 Any transfusion-related adverse 1 Risk Ratio (IV, Random, 95% Totals not selected
events - antibody development Cl)
5.1 Normal TCD velocities 1 Risk Ratio (IV, Random, 95% 0.0[0.0,0.0]

cl)
6 Any transfusion-related adverse 1 Risk Ratio (IV, Random, 95% Totals not selected
events - transfusion reactions Cl)
6.1 Normal TCD velocities 1 Risk Ratio (IV, Random, 95% 0.0[0.0, 0.0]

Cl)

Analysis 1.1. Comparison 1 Red blood cell transfusions vs standard care,
Outcome 1 Proportion of participants developing new or progressive SCl lesions.

Study or subgroup Red cell transfusions Standard care Risk Ratio Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% Cl
1.1.1 Normal TCD velocities
SIT 2014 5/99 7/97 —tT 0.7[0.23,2.13]
1.1.2 Abnormal TCD velocities
STOP 1998 1/55 11/69 —_— 0.11[0.02,0.86]
Favours Red cell transfusions ~ 0-01 0.1 1 10 100 Favours Standard care
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Analysis 1.2. Comparison 1 Red blood cell transfusions vs standard care,
Outcome 2 SCD - related serious adverse events - acute chest syndrome.

Study or subgroup Red cell Standard care Risk Ratio Weight Risk Ratio
transfusions
n/N n/N IV, Random, 95% Cl IV, Random, 95% Cl
1.2.1 Normal TCD velocities
SIT2014 5/99 24/97 —— 56.78% 0.2[0.08,0.51]
Subtotal (95% CI) 99 97 e 56.78% 0.2[0.08,0.51]
Total events: 5 (Red cell transfusions), 24 (Standard care)
Heterogeneity: Not applicable
Test for overall effect: Z=3.38(P=0)
1.2.2 Abnormal TCD velocities
STOP 1998 4/63 14/67 —— 43.22% 0.3[0.11,0.87]
Subtotal (95% Cl) 63 67 - 43.22% 0.3[0.11,0.87]
Total events: 4 (Red cell transfusions), 14 (Standard care)
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=2.21(P=0.03)
Total (95% CI) 162 164 - 100% 0.24[0.12,0.49]
Total events: 9 (Red cell transfusions), 38 (Standard care)
Heterogeneity: Tau?=0; Chi*=0.31, df=1(P=0.58); 1>=0%
Test for overall effect: Z=4(P<0.0001)
Test for subgroup differences: Chi*=0.31, df=1 (P=0.58), 1>=0% ‘ ‘ ‘ ‘
Favours Red cell transfusions ~ 0-01 0.1 1 10 100 Favours Standard care

Analysis 1.3. Comparison 1 Red blood cell transfusions vs standard
care, Outcome 3 SCD-related serious adverse events - pain crisis.

Study or subgroup Red cell Standard care Risk Ratio Weight Risk Ratio

transfusions

n/N n/N IV, Random, 95% CI IV, Random, 95% ClI

1.3.1 Normal TCD velocities
SIT2014 32/99 56/97 B 74.06% 0.56[0.4,0.78]
Subtotal (95% CI) 99 97 - 74.06% 0.56[0.4,0.78]
Total events: 32 (Red cell transfusions), 56 (Standard care)
Heterogeneity: Not applicable
Test for overall effect: Z=3.42(P=0)
1.3.2 Abnormal TCD velocities
STOP 1998 11/63 13/67 I 25.94% 0.9[0.44,1.86]
Subtotal (95% CI) 63 67 —~al— 25.94% 0.9[0.44,1.86]
Total events: 11 (Red cell transfusions), 13 (Standard care)
Heterogeneity: Not applicable
Test for overall effect: Z=0.28(P=0.78)
Total (95% CI) 162 164 e 100% 0.63[0.42,0.95]
Total events: 43 (Red cell transfusions), 69 (Standard care)
Heterogeneity: Tau?=0.03; Chi?>=1.36, df=1(P=0.24); 1>=26.4%
Test for overall effect: Z=2.2(P=0.03)
Test for subgroup differences: Chi?=1.36, df=1 (P=0.24), 1>=26.4%

=

Favours Red cell transfusions 0.1 0.2 0.5 1 2 5 0 Favours Standard care
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Analysis 1.4. Comparison 1 Red blood cell transfusions vs standard care, Outcome 4 Clinical stroke.

Study or subgroup Red cell Standard care Risk Ratio Weight Risk Ratio
transfusions
n/N n/N IV, Random, 95% Cl IV, Random, 95% Cl
1.4.1 Normal TCD velocities
SIT 2014 1/99 7/97 —— 48.57% 0.14[0.02,1.12]
Subtotal (95% CI) 99 97 ——e 48.57% 0.14[0.02,1.12]

Total events: 1 (Red cell transfusions), 7 (Standard care)
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=1.86(P=0.06)

1.4.2 Abnormal TCD velocities
STOP 1998 1/63 11/67 ——— 51.43% 0.1[0.01,0.73]
Subtotal (95% Cl) 63 67 ——e— 51.43% 0.1[0.01,0.73]
Total events: 1 (Red cell transfusions), 11 (Standard care)
Heterogeneity: Not applicable

Test for overall effect: Z=2.27(P=0.02)

Total (95% Cl) 162 164 —— 100% 0.12[0.03,0.49]
Total events: 2 (Red cell transfusions), 18 (Standard care)
Heterogeneity: Tau?=0; Chi*=0.06, df=1(P=0.8); 1>=0%

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

Test for subgroup differences: Chi?=0.06, df=1 (P=0.8), I*=0%

Favours Red cell transfusions 001 0.1 1 10 100 Favours Standard care

Analysis 1.5. Comparison 1 Red blood cell transfusions vs standard care,
Outcome 5 Any transfusion-related adverse events - antibody development.

Study or subgroup Red cell transfusions Standard care Risk Ratio Risk Ratio
n/N n/N IV, Random, 95% CI IV, Random, 95% ClI
1.5.1 Normal TCD velocities
SIT 2014 4/90 0/31 + 3.16[0.18,57.17]
Favours Red cell transfusions ~ 0.01 0.1 1 10 100 Favours Standard care

Analysis 1.6. Comparison 1 Red blood cell transfusions vs standard care,
Outcome 6 Any transfusion-related adverse events - transfusion reactions.

Study or subgroup Red cell transfusions Standard care Risk Ratio Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
1.6.1 Normal TCD velocities
SIT 2014 15/90 1/31 R s — 5.17[0.71,37.52]
Favours Red cell transfusions ~ 0-01 0.1 1 10 100 Favours Standard care
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Comparison 2. Transfusions continued vs transfusions halted

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Proportion of participants devel- 1 Risk Ratio (IV, Random, 95% Totals not selected
oping new or progressive SCl le- Cl)
sions
2 All-cause mortality 1 Peto Odds Ratio (Peto, Fixed, Totals not selected
95% Cl)
3 Clinical stroke 1 Risk Ratio (IV, Random, 95% Totals not selected

cl)

Analysis 2.1. Comparison 2 Transfusions continued vs transfusions halted,
Outcome 1 Proportion of participants developing new or progressive SCl lesions.

Study or subgroup Transfusions continued Transfusions halted Risk Ratio Risk Ratio
n/N n/N IV, Random, 95% CI 1V, Random, 95% CI
STOP 22005 3/37 11/40 —— 0.29[0.09,0.97]
0.01 0.1 1 10 100 Favours Transfusions

Favours Transfusions continued

halted

Analysis 2.2. Comparison 2 Transfusions continued vs transfusions halted, Outcome 2 All-cause mortality.

Study or subgroup Transfusions continued Transfusions halted Peto Odds Ratio Peto Odds Ratio
n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% CI
STOP 22005 1/38 0/41 } + } 8[0.16,404.12]

Favours Transfusions continued

0.01

0.1 1 10 100

Favours Transfusions
halted

Analysis 2.3. Comparison 2 Transfusions continued vs transfusions halted, Outcome 3 Clinical stroke.

Study or subgroup Transfusions continued Transfusions halted Risk Ratio Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
STOP 22005 0/38 2/41 | 0.22[0.01,4.35]
Favours Transfusions continued ~ 0-01 0.1 1 10 100 Favours Transfusions
halted
Comparison 3. Hydroxyurea vs red blood cell transfusions
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Proportion of participants developing 1 Peto Odds Ratio (Peto, Totals not select-
new or progressive SCl lesions - secondary Fixed, 95% CI) ed
prevention
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

2 All-cause mortality - secondary preven- 1 Peto Odds Ratio (Peto, Totals not select-
tion Fixed, 95% Cl) ed
3 SCD-related SAEs - Acute chest syndrome 1 Risk Ratio (IV, Random, Totals not select-
- primary prevention 95% Cl) ed
4 SCD-related SAEs - Acute chest syndrome 1 Risk Ratio (M-H, Random, Totals not select-
- secondary prevention 95% Cl) ed
5 SCD-related SAEs - Pain crisis - primary 1 Risk Ratio (IV, Random, Totals not select-
prevention 95% Cl) ed
6 SCD-related SAEs - Pain crisis - secondary 1 Risk Ratio (M-H, Random, Totals not select-
prevention 95% Cl) ed
7 Total SCD-related SAEs - primary preven- 1 Risk Ratio (IV, Random, Totals not select-
tion 95% Cl) ed
8 Total SCD-related SAEs - secondary pre- 1 Risk Ratio (M-H, Random, Totals not select-
vention 95% Cl) ed
9 Clinical stroke - secondary prevention 1 Risk Ratio (M-H, Random, Totals not select-

95% Cl) ed
10 Transfusion-related complications - 1 Mean Difference (IV, Ran-  Totals not select-
serum ferritin - primary prevention dom, 95% Cl) ed
11 Transfusion-related complications - liv- 1 Mean Difference (IV,Ran-  Totals not select-
er iron concentration - primary prevention dom, 95% Cl) ed
12 Any SCD-related adverse events - sec- 1 Risk Ratio (M-H, Random, Totals not select-

ondary prevention

95% Cl)

ed

Analysis 3.1. Comparison 3 Hydroxyurea vs red blood cell transfusions, Outcome 1

Proportion of participants developing new or progressive SCI lesions - secondary prevention.

Study or subgroup Hydroxyurea Red cell transfusions Peto Odds Ratio Peto Odds Ratio
n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% Cl
SWITCH 2012 1/67 0/66 } } } 7.28[0.14,366.91]
Favours Hydroxyurea 001 0.1 1 10 100 Transfusions
Analysis 3.2. Comparison 3 Hydroxyurea vs red blood cell
transfusions, Outcome 2 All-cause mortality - secondary prevention.
Study or subgroup Red cell transfusions Hydroxyurea Peto Odds Ratio Peto Odds Ratio
n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% CI
SWIiTCH 2012 1/66 1/67 } 1.02[0.06,16.41]
0.01 0.1 1 10 100 Favours Transfusions

Favours Hydroxyurea
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Analysis 3.3. Comparison 3 Hydroxyurea vs red blood cell transfusions,
Outcome 3 SCD-related SAEs - Acute chest syndrome - primary prevention.

Study or subgroup Hydroxyurea Red cell transfusions Risk Ratio Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% Cl
TWITCH 2016 4/60 2/61 } } 2.03[0.39,10.69]

Favours Hydroxyurea 01 0.2 0.5 1 2 5 10 Favours Transfusions

Analysis 3.4. Comparison 3 Hydroxyurea vs red blood cell transfusions,
Outcome 4 SCD-related SAEs - Acute chest syndrome - secondary prevention.

Study or subgroup Hydroxyurea Red cell transfusions Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
SWITCH 2012 1/67 3/66 40—’— 0.33[0.04,3.08]
Favours Hydroxyurea  0-01 0.1 1 10 100 Favours Transfusions

Analysis 3.5. Comparison 3 Hydroxyurea vs red blood cell transfusions,
Outcome 5 SCD-related SAEs - Pain crisis - primary prevention.

Study or subgroup Hydroxyurea Red cell transfusions Risk Ratio Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
TWITCH 2016 5/60 1/61 —’—0— 5.08[0.61,42.23]
Favours Hydroxyurea  0.01 0.1 1 10 100 Favours Transfusions

Analysis 3.6. Comparison 3 Hydroxyurea vs red blood cell transfusions,
Outcome 6 SCD-related SAEs - Pain crisis - secondary prevention.

Study or subgroup Hydroxyurea Red cell transfusions Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
SWITCH 2012 16/67 5/66 ‘ _— 3.15[1.23,8.11]
Favours Hydroxyurea 001 0.1 1 10 100 Favours Transfusions

Analysis 3.7. Comparison 3 Hydroxyurea vs red blood cell
transfusions, Outcome 7 Total SCD-related SAEs - primary prevention.

Study or subgroup Hydroxyurea Red cell transfusions Risk Ratio Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
TWITCH 2016 9/60 6/61 —’—0— 1.53[0.58,4.02]
Favours Hydroxyurea 01 0.2 0.5 1 2 5 10 Favours Transfusions
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Analysis 3.8. Comparison 3 Hydroxyurea vs red blood cell transfusions,
Outcome 8 Total SCD-related SAEs - secondary prevention.

Study or subgroup Hydroxyurea Red cell transfusions Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
SWIiTCH 2012 22/67 7/66 — 3.1[1.42,6.75]
Favours Hydroxyurea 001 0.1 1 10 100 Favours Transfusions

Analysis 3.9. Comparison 3 Hydroxyurea vs red blood cell
transfusions, Outcome 9 Clinical stroke - secondary prevention.

Study or subgroup Hydroxyurea Transfusions Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
SWITCH 2012 7/67 0/66 «’—o—’ 14.78[0.86,253.66]
Favours Hydroxyurea  0-01 0.1 1 10 100 Favours Transfusions

Analysis 3.10. Comparison 3 Hydroxyurea vs red blood cell transfusions, Outcome
10 Transfusion-related complications - serum ferritin - primary prevention.

Study or subgroup Hydroxyurea Transfusions Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI| Random, 95% CI
TWITCH 2016 60 1.3(1.3) 61 2.7(1.7) —+ -1.4[-1.94,-0.86]
Favours hydroxyurea  -10 5 0 5 10 Favours transfusion

Analysis 3.11. Comparison 3 Hydroxyurea vs red blood cell transfusions, Outcome
11 Transfusion-related complications - liver iron concentration - primary prevention.

Study or subgroup Hydrocyurea Transfusions Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
TWITCH 2016 60 9.5(8.7) 61 11.3(10.1) —.—’— -1.8[-5.16,1.56]
Favours hydroxyurea  -10 S 0 5 10 Favours transfusion

Analysis 3.12. Comparison 3 Hydroxyurea vs red blood cell transfusions,
Outcome 12 Any SCD-related adverse events - secondary prevention.

Study or subgroup Hydroxyurea Red cell transfusions Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% ClI M-H, Random, 95% CI
SWIiTCH 2012 46/67 44/66 + 1.03[0.81,1.3]
Favours Hydroxyurea 001 0.1 1 10 100 Favours Transfusions

ADDITIONAL TABLES
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Table 1. 1 Adverse events per 100 person-years and incidence rate ratios for transfusion-related complications

Outcomes Studies Number of participants with at least  Adverse events/100 per- Incidence rate ratio¢
one event son-years
(95% ClI)
Transfusion Standard Transfu- Standard
sion
Transfusion SIT 2014 15 out of 909 1outof31b 8.85 1.66 5.33
reactions

(1.67 t0 23.52)

Ferritin>1500 SIT 2014 76 out of 909 3outof31b 534.70 37.07 14.42

ng/L
(5.41to 875.17)

Cl: confidence interval

a9 participants who declined transfusion were excluded from the analysis.

b 31 participants assigned to observation received one or more transfusions.

¢ 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% Cls were calculated with the use of the bootstrap method with
10,000 replications

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

Outcomes Studies Number of participants with at least Adverse events/100 per- Incidence Rate Ratio?
one event son-years
(95% Cl)
Transfusion Standard Transfu- Standard
sion
Acute chestsyn- STOP 1998 4 outof63 14 out of 67 4.8b 15.3b -
drome
SIT 2014 5 out of 99 24 out of 97 1.81b 14.35b 0.41
(0.20 t0 0.75)
Painful crisis STOP 1998 11outof63 13 out of 67 16.2 27.6 -
SIT 2014 32 out of 99 56 out of 97 41.58 102.21 0.13
(0.04 t0 0.28)
Priapism SIT 2014 1outof59 7 out of 52 0.84 6.65 0.13
(0.03t0 0.55)
Symptomatic SIT 2014 1outof99 6 out of 97 0.4 2.25 0.22
avascular
necrosis of the (0.05 t0 0.85)
hip

Cl: confidence interval

aThe 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.

b1 child from the standard care group was excluded from these analyses due to a stroke on day 16 of the trial.
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APPENDICES

Appendix 1. CENTRAL (the Cochrane Library) search strategy

#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 or sicklemia or sicklaemia or sickled or sickling or meniscocyt* or drepanocyt*)

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

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

#7 MeSH descriptor: [Cerebral Infarction] explode all trees

#8 MeSH descriptor: [Brain Infarction] this term only

#9 MeSH descriptor: [Stroke] this term only

#10 MeSH descriptor: [Stroke, Lacunar] this term only

#11 ((ischemic or ischaemic or cerebrovascular) near/2 (event* or injur* or complication*))

#12 ((MRI or "magnetic resonance imaging" or neuroimaging or "white matter") near/3 abnormal*)

#13 (cerebral vasculopath* or cerebrovascular accident* or cerebral vascular accident*)

#14 ((cerebral or cerebellar or cerebrovascular or choroidal or hemispher* or cortical or subcortical or brain*) near/3 (infarct* or ischemi*
or ischaemi* or stroke*))

#15 ((asymptomatic* or silent* or nonsymptomatic* or unsymptomatic* or non-symptomatic* or quiet* or symptomfree or symptom-free
or symptomless or symptom-less or occult or "free of symptom" or "free of symptoms" or subclinical* or covert* or incomplete*) near/5
(infarct* or ischemi* or ischaemi* or stroke*))

#16 #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15

#17 #6 and #16

Appendix 2. MEDLINE (OvidSP) search strategy

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 or sicklemia or sicklaemia or sickled or sickling or meniscocyt* or drepanocyt*).tw,kf.

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

6.0r/1-5

7. exp Cerebral Infarction/

8. Brain Infarction/

9. Stroke/

10. Stroke, Lacunar/

11. ((ischemic or ischaemic or cerebrovascular) adj2 (event* or injur* or complication*)).tw,kf.

12. ((MRI or magnetic resonance imaging or neuroimaging or white matter) adj3 abnormal*).tw,kf.

13. (cerebral vasculopath* or cerebrovascular accident* or cerebral vascular accident*).tw,kf.

14. ((cerebral or cerebellar or cerebrovascular or choroidal or hemispher* or cortical or subcortical or brain*) adj3 (infarct* or ischemi* or
ischaemi* or stroke*)).tw,kf.

15. ((asymptomatic* or silent* or nonsymptomatic* or unsymptomatic* or non-symptomatic* or quiet* or symptomfree or symptom-free
or symptomless or symptom-less or occult or "free of symptom" or "free of symptoms" or subclinical* or covert* or incomplete*) adj5
(infarct* or ischemi* or ischaemi* or stroke*)).tw,kf.

16. or/7-15

17.6and 16

18. randomized controlled trial.pt.

19. controlled clinical trial.pt.

20. randomi*.tw.

21. placebo.ab.

22. clinical trials as topic.sh.

23.randomly.ab.

24. groups.ab.

25. trial.tw.

26.0r/18-25

27. exp animals/ not humans/
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28.26 not 27
29.17 and 28

Appendix 3. PubMed search strategy

#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 OR sickl*) AND (disease* OR thalassemi* OR thalassaemi*))

#3#1 OR #2

#4 ((ischemic or ischaemic or cerebrovascular) AND (event* or injur* or complication*))

#5 ((MRI or "magnetic resonance imaging" or neuroimaging or "white matter") AND abnormal*)

#6 (cerebral vasculopath* or cerebrovascular accident* or cerebral vascular accident*)

#7 ((cerebral or cerebellar or cerebrovascular or choroidal or hemispher* or cortical or subcortical or brain*) AND (infarct* or ischemi* or
ischaemi* or stroke*))

#8 ((asymptomatic* or silent* or nonsymptomatic* or unsymptomatic* or non-symptomatic* or quiet* or symptomfree or symptom-free
or symptomless or symptom-less or occult or "free of symptom" or "free of symptoms" or subclinical* or covert* or incomplete*) AND
(infarct* or ischemi* or ischaemi* or stroke*))

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

#10 ((random* OR blind* OR "control group" OR placebo* OR "controlled study" OR groups OR trial* OR "systematic review" OR "meta-
analysis" OR metaanalysis OR "literature search" OR medline OR pubmed OR cochrane OR embase) AND (publisher[sb] OR inprocess[sb]
OR pubmednotmedline[sb]))

#11 #3 AND #9 AND #10

Appendix 4. Embase (OvidSP) search strategy

1. exp Sickle Cell Anemia/

2. Hemoglobin S/

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 or sicklemia or sickled or sickling or meniscocyt™ or drepanocyt*).tw.

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

6.0r/1-5

7. exp Cerebral Infarction/

8. exp Cerebrovascular Accident/

9. ((ischemic or ischaemic or cerebrovascular) adj2 (event* or injur* or complication*)).tw.

10. ((MRI or magnetic resonance imaging or neuroimaging or white matter) adj3 abnormal*).tw,kf.

11. (cerebral vasculopath* or cerebrovascular accident* or cerebral vascular accident*).tw.

12. ((cerebral or cerebellar or cerebrovascular or choroidal or hemispher* or cortical or subcortical or brain*) adj3 (infarct* or ischemi*
or ischaemi* or stroke*)).tw.

13. ((asymptomatic* or silent* or nonsymptomatic* or unsymptomatic* or non-symptomatic* or quiet* or symptomfree or symptom-free
or symptomless or symptom-less or occult or "free of symptom" or "free of symptoms" or subclinical* or covert* or incomplete*) adj5
(infarct* or ischemi* or ischaemi* or stroke*)).tw.

14. or/7-13

15.6and 14

16. crossover-procedure/ or double-blind procedure/ or randomized controlled trial/ or single-blind procedure/

17. (random* or factorial* or crossover* or cross over* or cross-over* or placebo* or doubl* blind* or singl* blind* or assign* or allocat*
or volunteer*).mp.

18.160r 17

19.15and 18

20. limit 19 to embase

Appendix 5. CINAHL (EBSCOHost) search strategy

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 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 sicklemia or sicklaemia or sickled or
sickling or meniscocyt* or drepanocyt*)

Interventions for preventing silent cerebral infarcts in people with sickle cell disease (Review) 73
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

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

S4S10RS20RS3

S5 (MH "Infarction")

S6 (MH "Cerebral Ischemia+")

S7 (MH "Stroke+")

S8 ((ischemic or ischaemic or cerebrovascular) N2 (event* or injur* or complication*))

S9 ((MRI or "magnetic resonance imaging" or neuroimaging or "white matter") N3 abnormal*)

S10 (cerebral vasculopath* or cerebrovascular accident™ or cerebral vascular accident*)

S11 ((cerebral or cerebellar or cerebrovascular or choroidal or hemispher* or cortical or subcortical or brain*) N3 (infarct* or ischemi* or
ischaemi* or stroke*))

S12 ((asymptomatic* or silent* or nonsymptomatic* or unsymptomatic* or non-symptomatic* or quiet* or symptomfree or symptom-
free or symptomless or symptom-less or occult or "free of symptom" or "free of symptoms" or subclinical* or covert* or incomplete*) N5
(infarct* or ischemi* or ischaemi* or stroke*))

S13S50RS6 ORS7ORS80ORS90ORS100RS110RS12

S14 S4 AND S13

S15 (MH "Clinical Trials+")

S16 PT Clinical trial

S17 TX (clinic* N1 trial* OR controlled N1 trial*)

S18 TX ( (singl* N1 blind*) or (singl* N1 mask*) ) or TX ( (doubl* N1 blind*) or (doubl* N1 mask*) ) or TX ( (tripl* N1 blind*) or (tripl* N1
mask*) ) or TX ( (trebl* N1 blind*) or (trebl* N1 mask*) )

S19 TX (randomi* OR placebo*)

S20 (MH "Random Assignment")

S$21 TX (random* N2 (allocat* OR assign*))

S22 (MH "Quantitative Studies")

S23 S150rS16 or S17 or S18 or S19 or S20 or S21 or S22

S24 S14 and S23

Appendix 6. Transfusion Evidence Library search strategy

sickle AND (cerebral OR ischemic OR ischaemic OR ischemia OR ischaemia OR cerebrovascular OR stroke OR infarct OR infarction OR MRI
OR magnetic OR neuroimaging)

Appendix 7. LILACS search strategy
tw:(sickle) AND (instance:"regional") AND ( db:("LILACS") AND type_of_study:("clinical_trials"))

Appendix 8. Web of Science CPCI-S search strategy

TOPIC: (sickle OR sickled OR sickling) AND

TOPIC: (ischemic OR ischaemic OR ischemia OR ischaemia OR stroke OR strokes OR infarct OR infarcts OR infarction OR hemispher* OR
cerebral OR cerebrovascular OR subcortical OR cortical OR choroidal OR MRI OR magnetic OR neuroimaging) AND

TOPIC: (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)

Appendix 9. ClinicalTrials.gov search strategy

Search Terms: ischemic OR ischaemic OR ischemia OR ischaemia OR stroke OR strokes OR infarct OR infarcts OR infarction OR hemispheric
OR cerebral OR cerebrovascular OR subcortical OR cortical OR choroidal OR MRI OR magnetic resonance imaging OR neuroimaging
Study Type: Interventional Studies

Condition: sickle

Appendix 10. WHO ICTRP search strategy

[Title: ischemic OR ischaemic OR ischemia OR ischaemia OR stroke OR strokes OR infarct OR infarcts OR infarction OR hemispheric OR
cerebral OR cerebrovascular OR subcortical OR cortical OR choroidal OR MRI OR magnetic resonance imaging OR neuroimaging
Condition: sickle OR SCD

Recruitment Status: ALL]

OR

[Title: sickle OR SCD

Condition: ischemic OR ischaemic OR ischemia OR ischaemia OR stroke OR strokes OR infarct OR infarcts OR infarction OR hemispheric
OR cerebral OR cerebrovascular OR subcortical OR cortical OR choroidal

Recruitment Status: ALL]

OR

[Title OR Condition: sickle OR SCD
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Intervention: MRl OR magnetic resonance imaging OR neuroimaging
Recruitment Status: ALL]

WHAT'S NEW

Date Event Description
1 April 2020 New citation required but conclusions Minor changes have been made throughout all sections of the re-
have not changed view.

Patricia Fortin has stepped down as a co-author on this review
and Catherine Kimber has joined the review team.

1 April 2020 New search has been performed A search of the Cochrane Cystic Fibrosis and Genetic Disorders
Group's Haemoglobinopathies Trials Register identified 22 po-
tentially-eligible references for inclusion in the review. Addition-
al searching identified an additional 369 records. There were 374
records after duplicates were removed. We did not identify any
new included or ongoing trials.

CONTRIBUTIONS OF AUTHORS

« Lise Estcourt: searching; selection of trials; eligibility assessment; content expert, and review content development.

« Patricia Fortin: searching; selection of trials; eligibility assessment; and review content development (original 2017 review only).
« Catherine Kimber: searching; selection of trials; eligibility assessment (review update only)

« Sally Hopewell: methodological expert and review development.

« Marialena Trivella: statistical and methodological expert and review development

« Carolyn Doree: protocol development, search methods and strategies

« Miguel Abboud: protocol development, review development and content expert.
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« Lise Estcourt: none known

« Catherine Kimber: none known
« Sally Hopewell: none known

« Marialena Trivella: none known

« Miguel Abboud: is a board member for several companies, has received research funding, consultancy and travel expenses (Global
Research Therapeutics (GBT), Novartis, Crispr Therapeutics and Vertex Pharma, Modus Pharmaceutical, Roche, Novo, Astra Zeneca
(personal and institution)). These activities had no relationship to the management of neurologic complications in sickle cell disease.
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« NHS Blood and Transplant, Research and Development, UK.
To fund the work of the Systematic Review Initiative (SRI)
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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.
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« UKForum, UK.

UK Blood Services (NHS Blood and Transplant, Welsh Blood Service, Scottish National Blood Transfusion Service, and the Northern
Ireland Blood Transfusion Service) provide infrastructure funding for the Systematic Reviews Initiative (SRI)

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Differences between the protocol and the review due to lack of data

We were unable to perform some analyses pre-specified in the protocol due to lack of data (Estcourt 2016).
Publication bias

We did not explore publication bias as we identified fewer than 10 trials.

Subgroups

We were unable to perform the following subgroup analyses due to lack of data

1. Age of participant: neonate, child (one to 15 years), adult (16 years and older)

2. Genotype (homozygous SCD (SS), sickle beta thalassaemia (S0 and SB+) and sickle haemoglobin C disease (SC))
3. Presence of previous SCI on MRI

4. Follow-up duration: longer-term RCTs (one year or longer) versus shorter term RCTs (less than one year)

Sensitivity analyses
We were unable to perform sensitivity analyses due to lack of data

INDEX TERMS

Medical Subject Headings (MeSH)

*Erythrocyte Transfusion; *Phlebotomy [adverse effects]; Anemia, Sickle Cell [*complications] [drug therapy]; Antisickling Agents
[adverse effects] [*therapeutic use]; Brain Infarction [etiology] [*prevention & control]; Cause of Death; Cognition [physiology];
Hydroxyurea [adverse effects] [*therapeutic use]; Primary Prevention [methods]; Quality of Life; Randomized Controlled Trials as
Topic; Secondary Prevention [methods]; Stroke [prevention & control]

MeSH check words

Adolescent; Child; Humans
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