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ABSTRACT 
 

Introduction: Stroke is a major complication of sickle cell disease, with a high morbidity and 
mortality rate. This study aimed to determine the contributing factors to the occurrence of stroke in 
homozygous sickle cell disease patients. This is a study in Senegal and is first sub-Saharian report 
on SCD.  
Patients and Methods: We conducted a case-control study among 66 homozygous sickle cell 
patients, including 22 with and 44 without stroke. Stroke was diagnosed based on imaging (CT 
and/or MRI). Socio-demographic, clinicobiological, and evolutionary aspects were recorded for each 
patient.  
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Results: The median age was 23 years (18 - 37) with a sex ratio (M/F) was 1.45. The most 
common age group was between 15 and 20 years (41.25%). The main diagnostic circumstances 
were persistent headache (54.5%) and hemiplegia (50%). The majority of patients had suffered an 
ischaemic stroke (77.3%), with a predominance of sylvian location (79.15%). Contributing factors 
were several VOCs / year >3, high hemoglobin S, low baseline hemoglobin, hyperleukocytosis, high 
hematocrit, thrombocytosis, high LDH, and high unconjugated bilirubin.  
Conclusion: Stroke is a frightening and common complication of sickle cell disease, the occurrence 
of which is favored by the clinical severity of sickle cell disease and biological complications. 
Preventing these factors would reduce the risk of stroke in these patients. 
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1. INTRODUCTION  
 
Sickle cell disease is one of the most common 
monogenic diseases in the world, affecting 
around 25 million people, including 15 million in 
sub-Saharan Africa. It is due to a single 
nucleotide substitution (GAG→GTG), affecting 
the sixth amino acid of the β-globin chain, 
leading to abnormal hemoglobin S (HbS) 
polymerizing in situations of hypoxia, acidosis, 
dehydration, and infection [1]. Polymerization of 
hemoglobin S is the primum movens of the 
various complications of sickle cell disease, in 
this case, cerebral vasculopathy. Cerebral 
vasculopathy is the prelude to stroke, which is a 
major complication of sickle cell disease and is 
associated with a high morbidity and mortality 
rate [2]. The incidence of stroke in children with 
sickle cell disease is 300 times higher than in a 
population of children without sickle cell disease 
[3]. Although stenosing cerebral vasculopathy is 
recognized as the main cause of stroke in sickle 
cell disease, other clinical and/or biological risk 
factors may increase the likelihood of stroke. In 
sub-Saharan Africa, few studies have looked at 
the factors that contribute to stroke in adult 
patients with sickle cell disease [4,5]. And yet, 
having predictive factors for the occurrence of 
stroke would make it possible to diagnose it 
early, to propose targeted treatment, and thus to 
have an impact on the cost of care and the 
quality and life expectancy of patients [6,5]. This 
study aimed to describe the socio-demographic, 
clinical, and paraclinical characteristics of 
homozygous sickle cell patients and to identify 
the contributing factors to stroke. 
 

2. METHODOLOGY 
 
This was a single-center case-control study 
among homozygous sickle cell patients followed 
over 8 years (December 2012 to October 2020) 
who were diagnosed based on hemoglobin 
electrophoresis. 

 
The study was conducted in the clinical 
hematology department of the Centre National 
de Transfusion Sanguine (Dakar, Senegal), 
which is the reference setting for the 
management of sickle cell disease in adults. 
 
It involved 22 homozygous sickle cell patients 
and 44 controls consisting of homozygous sickle 
cell patients with no neurological pathology 
followed in the same department. Each case was 
matched with 2 controls of the same age and 
sex. 
 
All patients were over 15 years of age and 
presented with an overt stroke during their follow-
up, consisting of a sudden onset of neurological 
deficit associated with radiological images 
showing a cerebral parenchymal infarction or 
cerebral hemorrhage.  
 
Patients with transient ischaemic attack (TIA) 
were excluded from this study. 
 
To describe the epidemiological, diagnostic, 
therapeutic, and evolutionary aspects of these 
sickle cell patients, we studied the medical 
records of each patient. The diagnosis of stroke 
was suspected based on clinical neurological 
manifestations and then confirmed by imaging 
(computed tomography and/or magnetic 
resonance imaging). Additionally, a hemogram 
and a hemolysis assessment (LDH, haptoglobin, 
indirect bilirubin) were performed. Regarding the 
treatment, the patient systematically benefited 
from transfusion support (single transfusion or 
exchange transfusion) and symptomatic 
treatment. The clinical and paraclinical outcome 
of all recruited patients was monitored. 
 
To identify contributing factors to the occurrence 
of stroke, we compared the diagnostic 
parameters of stroke cases with those of controls 
without stroke.  
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The data were processed using SPSS version 
11.0 software. Categorical variables were 
presented as percentages. They were compared 
using the Chi2 test. Quantitative variables were 
presented as median (with maximum and 
minimum) or mean (with standard deviation). 
They were compared using the Student t-test; a 
probability of p < 0.05 was considered significant. 
 

3. RESULTS  
 

3.1 General Characteristics of Patients at 
Baseline  

 

3.1.1 Socio-demographic aspects 
 

Among a population of 4,000 patients monitored 
for major sickle cell disease, we identified 22 
patients with one or more episodes of stroke, 
giving a prevalence of 5.5 per 1,000. Our study 
population comprised 13 men and 9 women (sex 
ratio = 1.45); the mean age at diagnosis was 23 

years (  6.7 years). 
 

3.1.2 Diagnostic aspects  
 

The most common symptom was headache 
(54.6%), followed by motor deficit (50%).  
 

Sixteen patients (72.7%) had neutrophil 
hyperleukocytosis; the mean leukocyte count 

was 15.55 G/L (5.88 G/L). The mean 

hemoglobin level was 6.75 g/dl ( 1.54 g/dl). All 
patients had thrombocytosis (mean level 626 G/L 

( 154 G/L).   
 
Hemolysis assessment revealed elevated lactate 
dehydrogenase (LDH) levels in 81.1% of 
patients. Total bilirubin was elevated and 
predominantly unconjugated in all patients. 
Cerebral tomography and/or magnetic resonance 
imaging confirmed the diagnosis, distinguishing 
between ischemic (77.3%) and hemorrhagic 
(22.7%) forms (Table 1). 
 

3.2 Contributing Factors to the 
Occurrence of Stroke among Sickle 
Cell Patients  

 
Clinically, only the number of VOCs > 3 per 
year was associated with the occurrence of 
stroke. Most of the factors identified were 
biological factors related to hemogram 
abnormalities (baseline hemoglobin < 8 g/dl, 
mean hyperleukocytosis 15.63 G/L, mean 
hematocrit 28.13%, mean thrombocytosis 657 
G/L); hemoglobin electrophoresis abnormalities 
(mean HbS 94.06%) or hemolysis abnormalities 
(elevated LDH, predominantly unconjugated 
hyperbilirubinemia) (Table 2). 

 
Table 1. General characteristics of patients with stroke at baseline 

 

Parameters Numbers Percentages (%) 

Age at stroke diagnosis (years) 

0 - 20 15 68,1 

20 - 30 6 27,2 

30 - 40 1 4,5 

Clinical manifestations 

Headaches  12 54,50 

Drowsiness  3 13,60 

Convulsions 4 18,20 

Language disorders 5 22,70 

Vision disorders 2 9 

Sensitivity disorders 7 31,80 

Facial palsy 3 13,60 

Hemiplegia 17 77,27 

Sphincter disorders 1 4,50 

Territories 

Frontal 2 8,33 

Left-sided 
sylvian 

Superficial 7 29,16 

Profound 6 25 

Right-sided 
sylvian 

Superficial 4 16,66 

Profound 2 8,33 

Multifocal involvement 3 12,5 
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Table 2. Main contributing factors among patients 
 

Contributing factors Patients (n=22) Control (n=44) P 

Mean Standard 
deviation 

Mean Standard 
deviation 

 

Hb F level (%) 4,28 2,31 4,86 1,47 0,243 

Hb S level (%) 94,06 2,93 88,20 2,83 0,000 

Hb level at baseline (g/dl) 7,40 0,97 8,64 0,54 0,003 

Total Bilirubin (mg/l) 37,68 19,16 25,25 8,67 0,012 

Indirect Bilirubin  (mg/l) 27,09 17,37 15,95 6,81 0,012 

LDH (UI/l) 580,27 183,98 308,18 124,20 0,000 

Number of VOC/ year 3,45 1,06 1,41 0,48 0,000 

Number of chronic 
complications  

0,64 0,79 0,27 0,43 0,069 

MCV (fl) 83,18 3,69 83,61 1,65 0,627 

Hématocrite (%) 28,13 2,17 30,18 1,52 0,001 

Number of consultations/year 1,50 0,86 2,27 0,70 0,004 

Platelets (G/l) 615,27 149,17 270,14 83,88 0,000 

Leukocyte (G/l) 15,43 5,69 8,61 1,67 0,000 

 

4. DISCUSSION   
 
Our study aimed to investigate the contributing 
factors to the occurrence of stroke in patients 
with sickle cell disease in the clinical 
hematology department of the CNTS in Dakar. 
Most of these factors have been deduced from 
Western studies, despite the differences in 
epidemiological parameters, diagnostic and 
therapeutic methods, and living conditions 
between Africa and the West. To our 
knowledge, these parameters have not been 
studied in retrospective studies in sub-Saharan 
Africa, and more particularly in Senegal. Thus, 
given the difficulty of management and the 
frequency of complications and sequelae, we 
felt it necessary to carry out this study to 
identify the main contributing factors to the 
occurrence of stroke in homozygous sickle cell 
disease in our countries and to prevent it. 
 

4.1 General Characteristics of Patients      
 
In our study, the sex ratio of 1.45 showed a 
clear male predominance. Although this sex 
ratio varies from one series to another in the 
literature, the male predominance is almost 
constant [7,8,9]. However, a Ugandan study 
showed a sex ratio of 1 [10].  
 
The signs and symptoms of stroke in patients 
with major sickle cell syndromes are similar to 
those observed in patients without major sickle 
cell syndromes [11]. In our study, the most 
reported and most representative symptom was 
headache, found in 12 patients (54.6% of the 

population). Also in Kenya, 79.9% of patients 
underwent a history of recurrent headaches 
[12]. Similarly, Hassan A, et al reported the 
same results of headaches during stroke [13]. 
In addition, motor deficit was found in 50% of 
our patients. Similarly, in Kenya, hemiplegia 
and facial paralysis were present in 7/13 
(53.8%) of patients; Andrew S, et al reported 
similar results [14]. Cerebral CT scans were 
performed in all our patients; cerebral ischemia 
was the lesion found in 17 patients (77.27%); 
there were 5 cases (22.72%) of cerebral 
hemorrhage. 
 
This predominance of ischemic strokes could 
be linked to the most common age of patients, 
which is under 20. This result is consistent with 
an American study based on a 10-year follow-
up of 4,000 patients, which found that strokes 
were predominantly ischemic before the age of 
20, with a maximum risk between 1 and 9 
years, and hemorrhagic after 20 years [15]. 
Involvement of the sylvian region was found in 
77.17% of our patients; similarly, Abire Allaoui 
and Khadija Echchilali showed in their study 
that the sylvian territory was affected in 80% of 
cases; another study carried out in Parakou 
showed that the territory most affected in 
patients with ischaemic stroke was that of the 
sylvian artery (73.1%) [16]. In a Guinean study, 
there were 3/6 cases of occlusive stenosis of 
the sylvian artery in its proximal segment [17]. 
This predominant involvement of the sylvian 
territory is probably explained by a greater 
friction force at this level. This friction is the 
result of a marked sinuosity of the sylvian 
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territory associated with very high velocimetry, 
as supported by the Malagasy study [18].  
 

4.2 Contributing Factors to Stroke in 
Sickle Cell Patients 

 
In our study, several consultations per year of 
less than 3 were associated with a risk of 
stroke. Thus, irregular follow-up could explain 
the lack of detection of signs preceding stroke 
and, consequently, the absence of effective 
primary prevention. The number of VOCs 
greater than 3 per year was significantly found 
in patients who had suffered a stroke. 
 
Biologically, our study showed that 13 patients 
(59.09%) had a baseline Hb level of less than 
or equal to 7g/dl. Eight patients had a baseline 
Hb level of between 7 and 9g/dl. Only one 
patient had a baseline Hb of 9 g/dl. Low Hb is a 
predisposing factor for ischaemic stroke [13]. 
This means that neurological events are 
associated with lower Hb levels. The same 
result was obtained in a large prospective 
multicentre study in France [19]. 
 
Hb S levels were above 80% in all our patients. 
The most frequently identified risk factors for 
ischemic stroke in adults include genotype (risk 
is highest for Hb S) [20,21]. 
 
The risk of stroke is highest in patients with 
sickle cell disease SS and sickle cell disease 
beta-zero thalassemia. The risk in patients with 
sickle cell disease SC and sickle cell disease 
beta plus thalassemia (particularly in young 
children) is significantly lower, so screening is 
not recommended in these patients unless 
there are additional concerns [22]. 
 
The higher the amount́ of HbS in the red blood 
cell, the greater the falciformation. High 
hematocrit, an indirect reflection of blood 
viscosity, was a risk factor for stroke in our 
patients. In this respect, one study showed an 
increase in the internal viscosity of sickle cell 
red blood cells and their tendency to adhere to 
each other at low oxygen tension in patients 
with major sickle cell syndrome [23]. The 
presence of sickle cells is responsible for an 
increase in blood viscositý and hence vaso-
occlusive complications. 
 
Loss of deformability and elasticity of the red 
blood cell leads to premature hemolysis [15]. In 
our study, the hemolysis assessment was not 
normal in the majority of patients; all patients 

had increased total bilirubin levels; and sixteen 
patients had elevated LDH levels. Increased 
levels of hemolysis markers such as lactate 
dehydrogenase (LDH), bilirubin, and 
reticulocyte count correlate with the onset of 
stroke [24,25]. Indeed, intravascular hemolysis 
reduces the bioavailability of nitric oxide, 
leading to vasoconstriction. 
 

5. CONCLUSION  
 
This study shows that strokes in sickle cell 
disease are more ischemic than haemorrhagic, 
and occur more frequently in the sylvian region. 
Biological parameters impairment of the 
hemogram and hemolysis assessments were 
found to be the main contributing factors to 
stroke. Monitoring these parameters could 
reduce the risk of stroke in homozygous sickle 
cell patients. 
 

CONSENT  
 
As per international standard or university 
standard, parental(s) written consent has been 
collected and preserved by the author(s).  
 

ETHICAL APPROVAL  
 
As per international standard or university 
standard written ethical approval has been 
collected and preserved by the author(s).  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Steinberg MH. Genetic Etiologies for 
phenotypic diversity in sickle cell anemia. 
Scientific World Journal. 2009;9:46‑        
67. 

2. Rennie KM, Scott JP, Panepinto JA, 
Hillery CA. Increased red cell adhesion is 
associated with overt stroke in Sickle Cell 
Disease. Blood. 2005;106(11):2320‑ 
2320. 

3. Earley CJ, Kittner SJ, Feeser BR, 
Gardner J, Epstein A, Wozniak MA, et al. 
Stroke in children and sickle-cell disease: 
Baltimore-Washington Cooperative 
Young Stroke Study. Neurology [en 
ligne]. 1998;51(1):169‑176. 

[Accessed on 17 novembre 2022] 



 
 
 
 

Keita et al.; Int. J. Res. Rep. Hematol., vol. 6, no. 2, pp. 252-258, 2023; Article no.IJR2H.110007 
 
 

 
257 

 

4. Rees DC, Williams TN, Gladwin MT. 
Sickle-cell disease. The Lancet 2010;376 
(9757):2018‑2031. 

5. Bernaudin F, Verlhac C, Coïc L, et al. 
Effectiveness of early exploration by 
transcranial Doppler in the prevention of 
stroke: single-center experience of a 
cohort of children with sickle cell disease 
screened neonatally. Hematology. 2007; 
2S,13 summary 3-27:29.  

6. Bernaudin F, Verlhac S. Strokes in sickle 
cell patients: Contribution of transcranial 
Doppler and magnetic resonance 
imaging. Hematology 2008;14(1):25-        
35. 

7. Abdullahi SU, Wudil BJ, Bello-Manga H, 
Musa AB, Gambo S, Galadanci NA, et al. 
Primary prevention of stroke in children 
with sickle cell anemia in sub-Saharan 
Africa: rationale and design of phase III 
randomized clinical trial. Pediatr                
Hematol Oncol. Févr. 2021;38(1):49-      
64.  

8. Diop S, Diop D, Seck M, Guèye Y, Faye 
A, Dièye TN, Touré Fall AO, Sall Diallo A, 
Thiam D, Diakhate L. Predictive factors of 
chronic complications of homozygous 
sickle cell disease in adults in Dakar 
(Senegal). Med Trop (March). 2010;70(5-
6):471-4. 

9. Schlotman AA, Donahue MJ, Kassim AA, 
Lee CA, Waddle SL, Pruthi S, et al. 
Intracranial and extracranial vascular 
stenosis as risk factors for stroke in 
Sickle cell disease. Pediatr Neurol. 
2021;114:29‑34. 

10. Munube D, Katabira E, Ndeezi G, Joloba 
M, Lhatoo S, Sajatovic M, et al. 
Prevalence of stroke in children admitted 
with sickle cell anemia to Mulago 
Hospital. BMC Neurol. 2016;16(1):         
175. 

11. Lawrence C, Webb J. Sickle cell disease 
and stroke: diagnosis and management. 
Curr Neurol Neurosci Rep. 
2016;16(3):27. 

12. OUATTARA Arouna. Cerebrovascular 
accidents in sickle cell patients aged 6 
months to 15 years followed in Bamako 
by Gabriel Toure. University of Bamako 
Faculty of Medicine, Pharmacy and 
Ontostomatology; 2009. 

13. Hassan A Al-Jafar, Raed Alroughani, 
Thamer A. Abdullah, Fatma Al-Qallaf. 
Neurological Complications in Sickle Cell 
Disease. International Journal of Clinical 

and Experimental Neurology. 2016;4 
(1):9-18. 

14. Steven A, Raghavan P, Rath TJ, Gandhi 
D. Neurologic and head and neck 
manifestations of sickle cell disease. 
Hematol Oncol Clin North Am. 2016; 
30(4):779‑798. 

15. DeBaun MR, Kirkham FJ. Central 
nervous system complications and 
management in sickle cell disease. 
Blood. 2016;127(7):829‑838.  

DOI: 10.1182/blood-2015-09-618579 

16. Adoukonou Thierry, Accrombessi Donald, 
Agbétou Mendinatou, Houinato Dismand. 
Incidence of epilepsy after a stroke in 
Parakou in 2014. Pan Afr Med J. 
2019;32:69. 

17. Morel Y, Camara KA, Bangoura SA, 
Soumah D, Camara N, Cisse FA, et al. 
Stroke and major sickle cell disease in 
adults in Conakry-Guinea. Neurological 
Review. 2015;171:A42. 

18. Herinirina NF, Ny LH, Herijoelison AR, 
Alson OA, Ahmad A. Transcranial 
doppler during sickle cell disease in 
malagasy children. Pan Afr Med J 
[online]; 2016. 

19. Verlhac S, Bernadin F. Transcranial 
doppler in children with sickle cell 
disease. J Radiol. 2003;84:131-8. 

20. Amlie-Lefond C, Flanagan J, Kanter J, 
Dobyns WB. The genetic landscape of 
cerebral steno-occlusive arteriopathy and 
stroke in Sickle Cell Anemia. J Stroke 
Cerebrovasc Dis. 
2018;27(11):2897‑2904. 

21. Strouse JJ, Lanzkron S, Urrutia V. The 
epidemiology, evaluation, and treatment 
of stroke in adults with sickle cell disease. 
Expert Rev Hematol. 2011;4(6):597-          
606. 

22. Dowling MM, Kirkham FJ. Stroke in sickle 
cell anemia is more than stenosis and 
thrombosis: the role of anaemia and 
hyperemia in ischaemia. Br J Haematol. 
2017;176(2):151-153. 

23. Verduzco LA, Nathan DG. Sickle cell 
disease and stroke. Blood. 2009:114 
(25):5117‑5125. 

24. Belisário AR, Silva CM, Velloso-
Rodrigues C, Viana MB. Genetic, 
laboratory, and clinical risk factors in the 
development of overt ischemic stroke in 
children with sickle cell disease. Hematol 
Transfus Cell Ther. 2018;40(2):166‑181. 



 
 
 
 

Keita et al.; Int. J. Res. Rep. Hematol., vol. 6, no. 2, pp. 252-258, 2023; Article no.IJR2H.110007 
 
 

 
258 

 

25. Dubert M, Elion J, Tolo A, Diallo DA, Diop 
S, Diagne I, et al. Degree of anemia, 
indirect markers of hemolysis, and 

vascular complications of sickle cell 
disease in Africa. Blood. 2017;130(20): 
2215‑2223.

_________________________________________________________________________________ 
© 2023 Keita et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/110007 

http://creativecommons.org/licenses/by/4.0

