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ABSTRACT @ OPEN ACCESS

Background: Sickle cell disease is a major hereditary haemoglobinopathy in Basrah;lraq. Stroke is one of the most
devastating complications of Sickle cell disease and chronic erythrocytapheresis has become a cornerstone of its
secondary prevention.

Obijectives: To describe the clinical profile, complication burden and outcomes of Stroke in Sickle cell disease
patients attending the Basrah Center for Hereditary Blood Diseases and to evaluate the safety and efficacy of
erythrocytapheresis as a secondary Stroke-prevention strategy.

Methods: A descriptive study was conducted at Basrah Center for Hereditary Blood Diseases. Sixteen patients
with confirmed Sickle cell disease and stroke who maintained on a regular erythrocytapheresis program.
Results: Twelve patients (75.0%) were male and four (25.0%) were female; ages ranged from 8 to 23 years
(mean 15.1 years). A single prior Stroke was documented in 50% patients, two episodes in 18.75% and more
than two episodes in 31.25%. Stroke recurrence showed 50.0% of children aged <10 years had >3 prior
events.Cumulative transfusion exposure was variable (< 10 simple transfusions in 4/16, 10-30 in 5/16 and
qualitatively reported as “frequent” in 6/16), and 4 of 16 patients had more than 25 cumulative
erythrocytapheresis sessions. Service attitudes were 93.75% strongly agreed that the apheresis service is
indispensable to the center, 93.75% were “very satisfied” with the service and 62.50% reported a marked
improvement in life and function after enrolment.

Conclusions: Erythrocytopheresis combined with hydroxyurea provides effective and safe secondary Stroke
prevention in Sickle cell disease patients at Basrah Center for Hereditary Blood Diseases, with a low recurrence
rate (12.5%) and substantial improvements.

Keywords: Sickle cell disease; Stroke; Erythrocytapheresis; Red cell exchange; Secondary prevention;

Hydroxyurea; Basra; Iraq.
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Abbreviations

SCD: Sickle Cell Disease

BCHBD: Basra Centre for Hereditary Blood Diseases
RCE: Red Cell Exchange (Erythrocytapheresis)

HbS: Sickle Haemoglobin

HbF: Fetal Haemoglobin

TCD: Transcranial Doppler

ACS: Acute Chest Syndrome

VOC: Vaso-Occlusive Crisis

MRI/MRA: Magnetic Resonance Imaging / Angiography
STOP: Stroke Prevention Trial in Sickle Cell Anaemia
ASH: American Society of Hematology

ASFA: American Society for Apheresis

1. Introduction

Sickle cell disease (SCD) is a group of inherited haemoglobinopathies caused by a single nucleotide substitution
(GAG—GTQG) in the sixth codon of the B-globin gene, resulting in the production of haemoglobin S (HbS). Under hypoxic,
acidotic or dehydrated conditions, deoxygenated HbS polymerises within erythrocytes, producing the characteristic
sickled red cell, chronic haemolysis, vaso-occlusion and a state of sterile inflammation and endothelial activation!-3 . SCD
affects an estimated 7.7 million individuals worldwide, with a disproportionate burden in sub-Saharan Africa, the
Mediterranean basin, the Arabian peninsula and the Indian subcontinent45approximately 6.5% and a sickle-gene
frequency of 0.0324%, and hosts the largest hereditary haemoglobinopathy cohort in the country ¢7 .The Basra Centre
for Hereditary Blood Diseases (BCHBD) currently follows several thousand patients with SCD and B-thalassaemia

syndromes. 8-10

Stroke represents one of the most catastrophic complications of SCD. Without effective preventive strategies, the
cumulative incidence of overt ischaemic Stroke approaches 11% by the age of 20 years and silent cerebral infarction
may exceed 30%. -4 The underlying pathophysiology is multifactorial and involves accelerated cerebral arteriopathy
of the large intracranial vessels, endothelial dysfunction, increased adhesion of sickle red cells and leukocytes,
hypercoagulability, chronic anaemia-driven hyperaemia and recurrent vaso-occlusive insults. 1215-18 Once an overt Stroke
has occurred, the risk of recurrence in the absence of effective therapy is reported to be as high as 47-93% within three

years 19.20,

Modern Stroke prevention in SCD rests on three pillars: (I) transcranial Doppler (TCD) ultrasonography for primary risk
stratification, as demonstrated in the STOP and STOP-II trials 2'-23; (Il) chronic transfusion therapy, including simple top-
up transfusion and automated red-cell exchange (erythrocytapheresis); and (lll) disease-modifying therapy with
hydroxyurea, supported by the TWIiTCH and SWITCH trials 24-27, Erythrocytapheresis offers important advantages over
simple transfusion: efficient reduction of HbS to a safe target (<30%), avoidance of progressive iron overload,

preservation of haematocrit within physiological limits and rapid restoration of rheological parameters 28-32.
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Despite international consensus, the implementation of a structured erythrocytapheresis program in low- and middle-
income countries remains uncommon owing to financial, technical and logistical constraints. The BCHBD pioneered the
introduction of automated red-cell exchange in southern Iraq in 2022, and the safety and efficacy of the early service
have been recently reported 10 The present study extends that experience by focusing specifically on patients with a
documented cerebrovascular event. Beyond describing clinical characteristics and quantifying the impact of regular
erythrocyta-pheresis on secondary Stroke prevention, the present work additionally explores family-history, transfusion
and apheresis exposure variables that have not previously been reported in this population, and compares the pattern

of Stroke recurrence across the principal demographic strata of the cohort.

2. Materials and Methods
2.1. STUDY DESIGN AND SETTING

A descriptive, single-centre observational study was conducted at the Basra Centre for Hereditary Blood Diseases
(BCHBD), which is the principal tertiary referral centre for haemoglobinopathies in southern Iraq and operates a
dedicated automated red-cell exchange (erythrocytapheresis) unit using the Spectra Optia® continuous-flow apheresis

system (Terumo BCT, Lakewood, CO, USA) .

Three therapeutic aspects were discussed ,erythrocytapheresis ,hydroxyurea and stem cell transplantation by interviewing

the patients by the research team and acquiring agreement to participate their informations and attitudes

2.2. PARTICIPANTS

Patients were eligible if they (l) had confirmed SCD on haemoglobin electrophoresis or HPLC (HbSS, S/B-thalassaemia
or S/D); (I) had a documented history of at least one cerebrovascular event (TIA or overt ischaemic / haemorrhagic
Stroke confirmed by neuroimaging); and (lll) were enrolled in the regular erythrocytapheresis program of the BCHBD.
After deduplication of repeated questionnaire rows and inclusion of all eligible responses recorded by the centre, sixteen

unique patients fulfilled the final analytic criteria and consented to inclusion.

2.3. DATA SOURCES AND VARIABLES

Demographic, clinical, family-history, transfusion and apheresis variables were extracted from a structured electronic
dataset (Microsoft Excel®) curated by the centre, the apheresis-unit database and the patients’ paper files. The source
worksheet contained twenty one variables: patient identifier, date of birth, age, sex, number of documented Stroke
episodes, presence of other SCD complications, total number of siblings, number of siblings affected by SCD, number of
carrier siblings, number of genotypically normal siblings, number of healthy siblings of either sex, ABO/Rh blood group,
cumulative number of simple blood transfusions, cumulative number of erythrocytapheresis sessions, perceived
improvement in life and function with the service, perception of the service as essential to the centre, overall satisfaction
with the service, and perceived benefit from concomitant hydroxyurea therapy. Duplicate questionnaire rows were

removed before analysis so that every clinical, demographic and attitudinal table is based strictly on 16 unique patients.

2.4. ERYTHROCYTAPHERESIS PROCEDURE
All procedures followed the standard operating protocol of the BCHBD apheresis unit peripheral venous access whenever

feasible; pre-storage leucoreduced packed red cells in SAGM additive solution, less than seven days old, matched for
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ABO, Rh and Kell antigens; target post-procedure HbS <30%; target post-procedure haematocrit 28—-32%. Adverse

events were prospectively recorded.

2.5. STATISTICAL ANALYSIS

Categorical variables are expressed as frequencies and percentages; continuous variables as means with ranges. Stroke
recurrence categories (single episode, two episodes, more than two episodes) were cross-tabulated against sex, age
group, ABO/Rh blood group and family-history strata using contingency tables. Duplicate responses were excluded
before tabulation, and all summary tables in the Results section therefore use n = 16 unique patients as the denominator

unless otherwise stated

3. Results

Total number of Stroke patients with sickle cell disease (homozygous and heterozygous )was 21 patients :19 patient
enrolled in ECP program in Basra 16 of the agreed to share their information and participate in the research updated

statistics of the center showed that SCD represent 6,548 registered patient ,Stroke represent about (321:100000)
3.1. DEMOGRAPHIC PROFILE OF THE STUDY COHORT
Sixteen patients with SCD and a documented cerebrovascular event were enrolled. The principal demographic

characteristics of the cohort are summarised in Table 1 and graphically presented in Figs. 1 and 2.

Table 1. Demographic and baseline clinical characteristics of the studies patients

Variable ‘ Category n % ‘
Sex Male 12 75.0
Female 4 25.0
Age group (years) <10 4 25.0
11-14 4 25.0
15-18 3 18.75
> 18 5 31.25
Age (years) Mean 15.1 —_
Range 8-23 —
ABO / Rh blood group O Rh-positive 5 31.25
A Rh-positive 5 31.25
B Rh-positive 4 25.0
AB Rh-positive 1 6.25
O Rh-negative 1 6.25
Stroke episodes (lifetime) Single 8 50.0
Two 3 18.75
More than two 5 31.25

Medical Research Archives | https://doi.org/10.18103 /mra.v14i7.7645 5



https://doi.org/10.18103/mra.v14i7.7645

THE EUROPEAN SOCIETY OF MEDICINE

3.2. FAMILY HISTORY AND GENETIC BACKGROUND

As part of their intent to do stem cell transplantation as a therapeutic option Detailed information on the possible donors
siblings was available for all 16 patients. Most patients came from families with two or more siblings, with a substantial
proportion of carrier or genotypically normal siblings reflecting the typical autosomal-recessive segregation of the sickle

gene. The composite family-history profile is summarized in Table 2.

Table 2. Family-history profile of the study cohort

- ‘ Category ‘ Number of patients | %
Total siblings per patient 1 sibling 2 12.5
2 siblings 7 43.75
3 siblings 1 6.25
4 siblings 2 12.5
5 siblings 2 12.5
6 siblings 2 12.5
Siblings affected by SCD None 7 43.75
1 affected sibling 8 50.0
> 2 affected siblings | 1 6.25
Siblings carrying the sickle trait | None / not reported | 6 37.5
1 carrier sibling 4 25.0
2 carrier siblings 2 12.5
> 3 carrier siblings 4 25.0
Genotypically normal siblings None 7 43.75
1 — 2 normal siblings | 7 43.75
> 3 normal siblings 2 12.5

3.3. CUMULATIVE TRANSFUSION AND ERYTHROCYTAPHERESIS EXPOSURE
Patients had received widely variable amounts of prior simple transfusion and apheresis therapy, reflecting the
heterogeneity of disease severity and duration of follow-up at BCHBD. The distribution of these exposure variables is

summarised in Table 3.

Table 3. Cumulative blood-transfusion and erythrocytapheresis exposure in the study cohort

Exposure variable Category n ) ‘

Prior simple transfusions <10 4 25.0
10-30 5 31.25
31-50 0 0.0
> 50 1 6.25
Reported as “frequent”, not quantified 6 37.5

Cumulative apheresis sessions 1-5 3 18.75
6-10 4 25.0
11-25 5 31.25
> 25 4 25.0
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Four of the 16 patients (25.0%) had a clearly quantified history of more than 25 cumulative apheresis sessions, confirming
long-term exposure in a substantial subgroup. However, historical exchange counts were recorded only qualitatively in

five patients, so the true burden of prior erythrocytapheresis is likely underestimated in the source worksheet.

3.4. PATTERN OF CEREBROVASCULAR EVENTS
A single Stroke episode prior to enrolment was documented in 8 patients (50.0%); 3 (18.75%) had two episodes and 5
(31.25%) had more than two events (Fig. 1; Table 1). The patients with multiple prior events represent a particularly

high-risk subgroup who had been referred to the apheresis service after failing simple transfusion or hydroxyurea

monotherapy.
12
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Fig. 1. Distribution of cerebrovascular events per patient in the study cohort .

Female
4(25.0%)

Male
12 (75.0%)

Fig. 2. Sex distribution of sickle cell disease patients with cerebrovascular events

3.5. CONCOMITANT SICKLE CELL COMPLICATIONS
The cerebrovascular cohort carried a substantial burden of additional SCD-related morbidity. Splenic infarction or acute

splenic sequestration remained the most common concomitant complication (28.26% of all complication entries), followed
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by recurrent severe vaso-occlusive pain crises (26.09%), acute chest syndrome (19.57%), avascular necrosis (13.04%),

other complications (8.70%) and severe haemolytic episodes (4.35%) (Fig. 3).
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Fig. 3. Profile of concurrent sickle cell disease complications in the Stroke cohort

3.6. STROKE RECURRENCE STRATIFIED BY DEMOGRAPHIC VARIABLES
To explore whether the pattern of cerebrovascular events differed across demographic subgroups, Stroke-episode
categories (single, two, more than two) were cross-tabulated with sex, age group, ABO/Rh blood group and family-

history strata.

Table 4. Stroke-episode distribution stratified by sex and age category

Sex Single episode, n (%) Two episodes, n (%) | > Two episodes, n (%) Total ‘

Age group (years)

Male 6 (50.0) 2(167) 4(33.3) 12
Female 2 (50.0) 1(25.0) 1(25.0) 4
Total 8 (50.0) 3(18.75) 5 (31.25) 16

<10 2 (50.0) 0 (0.0) 2 (50.0) 4
11 -14 3 (75.0) 1(25.0) 0 (0.0) 4
15-18 1(33.3) 1(33.3) 1(33.3) 3
>18 2 (40.0) 1 (20.0) 2 (40.0) 5
Total 8 (50.0) 3 (18.75) 5 (31.25) 16

Several patterns emerge from the demographic stratification. Males remained the predominant group (12 of 16, 75.0%)
and accounted for the majority of patients with more than two events (4 of 5, 80.0%). Age, however, was associated
with a clearly non-uniform distribution: half of the patients aged <10 years had suffered more than two cerebrovascular
events, indicating an aggressive paediatric phenotype, whereas patients aged 11-14 years were almost entirely

confined to a single-event history (Table 4).
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Table 5. Stroke-episode distribution stratified by ABO/Rh blood group, family effected saplings .

Blood group Single episode, n (%) ‘ Two episodes, n (%) | > Two episodes, n (%)  Total

O Rh-positive 2 (40.0) 1 (20.0) 2 (40.0) 5
A Rh-positive 4 (80.0) 1(20.0) 0 (0.0) 5
B Rh-positive 1 (25.0) 1(25.0) 2 (50.0) 4
AB Rh-positive 1 (100) 0 (0.0) 0 (0.0) 1
O Rh-negative 0 (0.0) 0 (0.0) 1(100) 1
Total 8 (50.0) 3(18.75) 5(31.25) 16
Family history

2 (28.6) 7
1 affected sibling 6 (75.0) 1(12.5) 1(12.5) 8
> 2 affected siblings | 0 (0.0) 1(100) 0 (0.0) 1
Total 8 (50.0) 3(18.75) 5(31.25) 16

With respect to blood group, A Rh-positive patients tended to have fewer recurrences (no patient in this group had more
than two events) whereas O Rh-positive and B Rh-positive patients displayed a wider, more severe distribution; after
addition of the new B Rh-positive patient, this group now contains two patients with more than two events (Table 5). Most
strikingly, family history showed a contrasting pattern: 4 of 7 patients without any affected sibling (57.1%) had suffered
more than two events, while 75.0% of patients with one affected sibling presented with a single episode only . Although
these patterns must be interpreted cautiously in view of the small sample size, they are biologically plausible and

consistent with the recognised heterogeneity of SCD severity across haplotypes and household environments.

3.7. EFFICACY OF ERYTHROCYTAPHERESIS AS SECONDARY STROKE PREVENTION

The principal efficacy outcome was the occurrence of a new Stroke event after enrolment in the regular
erythrocytapheresis program. Despite the high-risk profile of the cohort — in which 50.0% had already suffered two or
more prior Strokes — only 2 patients (12.5%) experienced a recurrent cerebrovascular event during the observation
period; both events occurred in the context of prolonged inter-session intervals secondary to logistical interruptions. The

remaining 14 patients (87.5%) remained free from new neurological events while maintained on the program (Fig. 5).

New stroke
on programme
2 (12.5%)

Stroke-free
on programme
14 (87.5%)

Fig. 5. Stroke recurrence in the BCHBD cohort while on a regular erythrocytapheresis program (n = 16).
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3.8. PATIENT-REPORTED FUNCTIONAL OUTCOMES AND SERVICE ATTITUDES
Four parallel domains represented improvement in life and function with apheresis, overall satisfaction with the service,
perception of the service as indispensable for the patients’ health competency, and perceived benefit from concomitant

hydroxyurea therapy. the resulting distribution is presented in Table 6.

Table 6. Composite distribution of patient-reported responses regarding the erythrocytapheresis service and

concomitant hydroxyurea therapy

Domain Response category ‘ Responses, n % ‘
Improvement in life and function after apheresis | Marked improvement 10 62.50
Some improvement 6 37.50
No change / worsened 0 0.0
Overall satisfaction with the service Very satisfied 15 93.75
Somewhat satisfied 1 6.25
Dissatisfied 0 0.0
Service is essential / indispensable for the centre | Strongly agree 15 93.75
Somewhat agree 0] 0.0
No opinion / unclear 1 6.25
Disagree 0] 0.0
Strongly disagree 0] 0.0
Perceived benefit from hydroxyurea Good benefit 15 93.75
Some benefit 1 6.25
No benefit / did not take | O 0.0

marked improvement in general health, school or occupational performance and overall functional status following
enrolment was reported by 10 of 16 patients (62.50%), while the remaining 6 patients (37.50%) reported partial
improvement and no patient reported deterioration (Fig. 4A). Overall service satisfaction was very high: 15 of 16 patients
(93.75%) were “very satisfied” and 1 (6.25%) was “somewhat satisfied” . Fifteen of 16 patients (93.75%) strongly
agreed that erythrocytapheresis is an essential and indispensable service of the centre, while one response was

unclear /non-committal. Concomitant hydroxyurea was perceived as conferring good benefit by 15 of 16 patients

(93.75%),

4. Discussion

The present study provides, to our knowledge, the first focused description of Stroke management in patients with SCD

in Basra, the city carrying the heaviest SCD burden in

Iraq ¢7. By integrating clinical data with previously unreported variables — including detailed family-history information,
cumulative transfusion and apheresis exposure, and a structured patient-attitudes survey — and by stratifying Stroke
recurrence across the principal demographic axes, the work offers a more comprehensive characterisation of the Stroke

subgroup of the BCHBD cohort than has previously been available. Five principal observations emerge from these data.
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First, the demographic profile of our Stroke cohort was predominantly male (75.0%), young (mean age 15.1 years;
range 8—23) and burdened by additional SCD complications — mirrors the international literature. Ohene-Frempong et
al. demonstrated a 24.9% cumulative incidence of overt or silent cerebral infarction by the age of 45 years in the
Cooperative Study of Sickle Cell Disease, with a clear male preponderance for haemorrhagic events ¢ Similar male

predominance has been reported in cohorts from Saudi Arabia and sub-Saharan

Africa 364344, The high frequency of concomitant splenic, pulmonary and skeletal complications in our group (Fig. 3)

reflects the systemic, multi-organ nature of the underlying vasculopathy 37-

Second, the family-history profile (Table 2) confirms the high prevalence of consanguinity-related autosomal-recessive
inheritance in southern Iraq. Most patients came from multi-sibling households, and 9 of 16 patients (56.25%) had at
least one additional sibling with manifest SCD; one or more carrier siblings were documented in 10 of 16 families, findings
that remain consistent with the elevated background gene frequency reported for Basra 9. Notably, the stratification of
Stroke recurrence by family history revealed a striking pattern in which patients without an affected sibling accounted
for 4 of the 5 patients with more than two cerebrovascular events, whereas patients with one similarly affected sibling
were predominantly confined to a single-event history. Although the sample size precludes formal inference, this
observation is biologically plausible and may reflect underlying haplotype heterogeneity (e.g. lower HbF) or differences
in household awareness, supportive care and early access to disease-modifying therapy. Comparable family-clustering

effects on disease severity have been described in Mediterranean and Arab SCD populations -

Third, age-stratified cross-tabulation shows that half of patients aged <10 years had already suffered more than two
cerebrovascular events at the time of enrolment, whereas no patient in the 11-14 year stratum had experienced more
than two events. This bimodal pattern — early severe events in childhood and a second peak in young adults — closely
follows the classical age distribution described in the Cooperative Study '¢ and the recurrence pattern reported by
Powars et al. and Balkaran et al. 1920, The aggressive paediatric phenotype identifies the under-10 subgroup as a
priority population for intensive primary prevention, early transcranial-Doppler screening and accelerated initiation of
structured apheresis 172122, Sex stratification and blood-group stratification did not reveal a clear gradient, although A
Rh-positive patients in our cohort continued to display a milder recurrence pattern. Larger cohorts will be required before

any inference is drawn from these patterns.

Fourth, the efficacy of the erythrocytapheresis program in this study is highly encouraging. Only 2 of 16 patients (12.5%)
suffered a new Stroke during regular automated red-cell exchange, in contrast with recurrence rates ranging from 47%
to 93% in untreated paediatric series [19,20] and approximately 22% in series treated with simple chronic transfusion

alone 17:28,

The updated exposure table still supports sustained treatment engagement: 4 of 16 patients had a clearly documented
history of more than 25 apheresis sessions, with several patients exceeding 40 sessions over multiple years, while a further
5 patients had historical exchange therapy described qualitatively rather than numerically. Even with that limitation, the
overall clinical pattern aligns with multicentre data showing that erythrocytapheresis achieves consistently lower HbS
levels than simple transfusion, with better preservation of haematocrit and avoidance of iron overload 30-35. The two

recurrent events in our cohort both occurred during extended inter-session intervals, underscoring the importance of
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program continuity. The BCHBD centre-wide audit by Jumaa et al. confirmed that the procedure is safe in this setting,

with all observed adverse events being manageable 19,

Fifth, after removal of duplicate questionnaires, 10 of 16 patients (62.5%) reported marked functional improvement, 15
of 16 (93.75%) were very satisfied with the service, and 15 of 16 (93.75%,) strongly agreed that erythrocytapheresis
is indispensable for the centre . Quality-of-life data from SCD cohorts elsewhere demonstrate that effective Stroke
prevention is associated with better school performance, employment outcomes and psychosocial well-being 4546, The
very high endorsement of service importance in our cohort is also consistent with the position of major haematology
societies that automated red-cell exchange should be a category | service in centres treating high-risk SCD 28:29,37,38,
Concomitant hydroxyurea was perceived as conferring good benefit by 15 of 16 patients (93.75%), with partial benefit
reported by only one patient, mirroring the complementary mechanisms of chronic exchange and hydroxyurea described

internationally 24-27,39-42,

5. Conclusions

e Stroke remains a significant complication of sickle cell disease in Basra

e predominantly affecting paediatric and young-adult patients and often clustering with other vaso-occlusive end-
organ complications.

e In this updated patient-level analysis of 16 unique patients, the structured erythrocytapheresis program at the
Basra Centre for Hereditary Blood Diseases remained associated with a low on-program recurrence rate

e favorable patient-reported benefit.

e Expansion of automated red-cell exchange in Iraq should therefore proceed alongside systematic transcranial

Doppler screening, rigorous continuity of care, and adherence to transfusion-support guidelines .

Recommendations:

More concentration on young age group in implanting the primary detection of Stroke risk
Support for the tools of benefit in prevention of Stroke like TCD,MRA,MRV
More support for the ECP program with machines and instrument and qualified staff

To discuss option of stem cell transplant as a choice for patients with Stroke having non diseased siblings

Limitations

Several limitations should be addressed

The sample size remains small at 16 patients, reflecting the narrow inclusion criteria.

The study is observational and lacks an internal control arm of patients treated with simple chronic transfusion alone,
Validated Quality-of-life data were collected with a non-validated center-specific questionnaire; future work should

adopt the PedsQL-SCD or the ASCQ-Me instruments.
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