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ABSTRACT 

Objectives Sickle cell disease is a monogenic autosomal recessive genetic disorder that associated with anemia, 

hypercoagulability and thrombosis. However, the prevalence and risk factors of SCD in the Saudi population is not 
well-established. This study was proposed to report the prevalence and risk factors associated with thromboembolic 

complications in patients with SCD visiting King Abdulaziz Medical City (KAMC) in Riyadh city, Kingdom of 

Saudi Arabia 

Methodology: This quantitative retrospective Cross-sectional study was carried out by digging though 289 patient 

medical records who are attending KAMC between February 2016 and February 2019, and are clinically diagnosed 

as SCD patients. Review included demographics of patients, as well as their hematological laboratory examinations 

with or without thromboembolic complications. 

Results: The results of sickling hemoglobin screening test and hemoglobin electrophoresis procedures clinically 

confirmed that all patients had positive results for homozygous sickle cell disease (HgbSS). Among those tested 

patients, 21 patients (7.2%) developed common thromboembolic events and had vaso-occlusive crisis, deep venous 
thrombosis (DVT), stroke and pulmonary embolism (PE). Analysis of coagulation parameters of the patients with  

these thromboembolic events showed  significant reduction in the activated partial prothrombin time (aPTT) and 

international normalized ratio (INR) as compared to SCD patients without these thromboembolic events. 

Conclusion: Patients with SCD are at a higher risk for developing pathological thrombus formation. The existence 

of elevated hemoglobin S (HgbS) level and hypercoagulable state significantly facilitates the progression of 

vascular thrombotic diseases within the SCD patients. 
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INTRODUCTION 
Sickle cell disease (SCD) is one of the most 

predominant forms of hemoglobinopathies that is 

characterized by the presence of HgbS and is 
associated with increased rate of morbidity, disability 

and mortality, worldwide [1, 2]. The highest 

prevalence of SCD is found in the Middle East, 
Mediterranean, Africa, and Southeast Asia. In Saudi 

Arabia, the estimation of patients with SCD is varied 

according to the geographic locations with the 
reported highest prevalence in the Eastern and South-

Western states [3-5]. Previous reports (before 2008) 
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have shown a high prevalence of SCD within the 
Kingdome of Saudi Arabia where the rates varied 

between 2% to 27% [3,4]. However, current a recent 

report from the Saudi premarital screening program 

states that approximately 4.2% of the population has 

SCD [5]. 

Current understanding for the pathophysiology of 

SCD revealed the mechanisms underlying this 
disorder. Within this view, it has been shown that a 

single point mutation of the β globin gene on 

chromosome 11 which replaces the amino acid, 
glutamic acid, with valine at the position 6 of the 

polypeptide chain is the major cause of the disease. 

Accordingly, this produces an abnormal hemoglobin 

form called HgbS which is the major mechanism 
causing SCD. The formation of HgbS  alters 

deformability and elasticity of erythrocytes, thereby 

generating abnormal erythrocytes called sickle cells 
which have an abnormal sick shape when they are 

oxidized  [2, 6]. As a consequence, the existence of 

these cells cause them to trap in the small blood 
vessels leading to stroke and internal organ damage, 

that are associated with episodic pain (i.e. crisis) and 

multiple clinical complications such as vascular 

complications, recurrent infections, bone necrosis, 
kidney problems, splenic sequestration and 

cardiopulmonary diseases [7-10]. In particular, 

thromboembolic complications observed in the SCD 
patients are attributed to the influence of abnormal 

hemoglobin molecular polymerization, leading to 

rigid and sickled erythrocytes, which potentially can 

promote vascular occlusive crisis [7-10]. Although 
the association between SCD and the progression of 

the vascular occlusion complications is widely 

studied, the etiology and pathophysiology of 
thromboembolic complications involved in SCD 

requires further research to increase the 

understanding of these events [11-13]. However, 
different mechanisms are hypothesized that might 

participate in thrombogenesis in patients with HgbS. 

This includes platelet activation, leukocyte 

recruitment, erythrocyte aggregation, endothelial 
dysfunction and coagulation hyperactivity [13-17]. 

Overall, the literature on sickle cell patients defined 

the impairment of hemostatic system in SCD as a 
critical modulator of thromboembolic complications 

in SCD. 

Nonetheless, thromboembolic events are thought to 
be a serious health concern for the patients with SCD 

in both genders [11, 13]. The challenge to the 

clinicians is to recognize patients with SCD who are 
at risk of development of thromboembolism. 

Nevertheless, identifying the prevalence and risk 

factors of thromboembolic complications in those 

patients would provide much help to physicians in 
order to develop future preventive strategies [18]. 

This retrospective study was designed to determine 

the frequency prevalence of thromboembolic events 
among patients who were diagnosed with SCD that 

are attending KAMC in Riyadh, and determine the 

clinical characteristics of those patients who progress 
thrombosis versus to those without thrombosis 

development. 

METHODS 

This is a retrospective cross-sectional study of Saudi 
patients diagnosed with SCD from February 2016 to 

February 2019 at the department of hematology of 

KAMC, Riyadh, Saudi Arabia. A total of 289 medical 
records of patients with SCD were interrogated (167 

males, 122 females). The clinical data of these 

patients such as demographic details, medical history, 
hematological and coagulation parameters were 

included. Sickle cell patients diagnosed with or 

without thrombotic complications between February 

2016 and February 2019 were conducted; 
nevertheless, SCD patients who developed 

thromboembolic events before February 2016 were 

not included in this study. Furthermore, the sickle cell 
patients who under antiplatelet and/or anticoagulant 

treatment were excluded. The proposal of this study 

was approved by the research unit committee in the 

College of Applied Medical Sciences (COAMS) at 
the King Saud Bin Abdulaziz University for Health 

Sciences (KSAU-HS) and ethical approval was 

obtained from the Institutional Review Board (IRB) 
at King Abdullah International Medical Research 

Centre (KAIMRC) in the ministry of National Guard 

Health Affair, Riyadh, Kingdom of Saudi Arabia 
under the reference (SP19/209/R). Data were 

collected and analyzed by using the statistical 

program for GraphPad Prism software program 

version 6 (GraphPad, San Diego, CA, USA). 
Descriptive statistics were presented as mean ± 

standard deviation (SD) or expressed as percentage. 

Categorical data were analyzed using Chi-square test 
and a paired t-test was used for continuous variable 

analysis. Statistical significance was defined at p 

values less than 0.05 (p<0.05). 

RESULTS 
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The present retrospective cross-section study 
reviewed a total of 289 (167 males and 122 females) 

medical records for patients diagnosed with SCD. 

The mean age of the subjects was 23 ± 6 years. The 

demographic and clinical characteristics of SCD 
patients without thromboembolic complications (n = 

268) or with thromboembolic complications (n = 21) 

are shown in Table 1. All patients examined are 
clinically confirmed to have HgbSS by hemoglobin 

electrophoresis as documented in medical records of 

these patients. We found that the percentage of heart 
disease (14.3%), diabetes mellitus (14.3%), liver 

disease (9.5%) and hypertension (9.5%) are increased 

in the group of SCD patients with thrombosis 

compared to SCD patients without thrombosis (1.9%, 
2.4%, 3.9% and 2.9%, respectively). Interestingly, 

splenomegaly was found to be more in the group of 

SCD patients that are without thrombosis (27.2%) 
compared to patients with thrombosis (23.8%). 

Overall, the comparative study between the SCD 

patients without or with SCD thromboembolic events 
exhibited that 21 (7.2%) patient’s progressed 

thrombotic complications during the period of 

February 2016 to February 2019. When examining 

the events of thrombotic events in SCD patients as a 
whole, we found that DVT was highly frequent 

among SCD patients with (33.3%), while stroke was 

second highly prevalent with 28.6%. Four SCD 
patients (19.1%) patients had PE and 2 (9.5%) had 

myocardial infarction (MI), and 2 (9.5%) had 

peripheral occlusive vascular disease (POVD) 

(Figure 1). After that we compared the development 
of thromboembolic incidences with respect to the 

gender of SCD patients and found that males have 

higher frequency than females by 57% and 43% 

respectively, but the association this failed to reach 
statistical significance (Figure 2). Moreover, stroke 

was frequently reported in males more than females 

with 24% and 4.8% respectively, whilst POVD was 

high frequent in (9.5%) females compared with (0%) 

males (Figure 2). 

Examination of the hemoglobin electrophoresis 

results of SCD patients showed that patients without 
thromboembolic complications had high levels of 

hemoglobin A (HgbA) and hemoglobin F (HgbF) 

compared with SCD patients with thromboembolic 
complications (Table 2). Furthermore, hemoglobin S 

(HgbS) was high level among those patients with 

thromboembolic events compared to SCD patients 

without thromboembolic events, but these 
associations failed to observe statistical significance 

(67.78 ± 2.42 vs. 63.7 ± 1.52, p = 0.16). Clinical 

hematological results showed that SCD patients with 
or without thromboembolic events had normocytic 

normochromic anemia (Table 2). Interestingly, low 

levels of hemoglobin, increased platelet count, 
increased LDL level were observed in SCD patients 

with thromboembolism when compared with sickle 

cell patients without thromboembolism but were not 

statistically significant. 

Interestingly, low serum albumin levels were 

observed within SCD patients with thromboembolic 

events compared with those SCD patients without 
thromboembolic complications. Additionally, 

analysis of coagulation parameters showed a slight 

reduction in aPTT, and INR among SCD patients with 

thromboembolic events compared with SCD without 

thromboembolic events (Table 2). 

Table 1: Baseline characteristics of patients with sickle cell disease 

Patient characteristics SCD without thrombosis 

(Mean ± SD), n= 268 

SCD with thrombosis 

(Mean ± SD), n= 21 

Gender (M/F) 131/97 12/9 

Age (Years) 19.21 ± 8.75 28.44 ± 9.68 

Splenomegaly   (n %) 73 (27.2%) 5 (23.8%) 

Liver disease, (n %) 8 (3.9%) 2 (9.5%) 

Heart disease, (n %) 4 (1.9%) 3 (14.3%) 

Renal disease, (n %) 5 (2.4%) 0.0 

Essential thrombocythemia, (n %) 9 (4.4%) 1 (4.8%) 

Diabetes Mellitus, (n %) 5 (2.4%) 3 (14.3%) 

Hypertension, (n %) 6 (2.9%) 2 (9.5%) 

SCD: Sickle cell disease, M: Male, F: Female. Data are represented as Mean ± SD or Data represented as %. 
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Table 2: Hematological and biochemistry data of patients with sickle cell disease 

Parameter SCD without thrombosis 

(Mean ± SD), n= 268 

SCD with thrombosis 

(Mean ± SD), n= 21 

P value 

RBC Count (×10
12

/L) 3.35 ± 0.47 3.60 ± 1.00 0.485 

Hemoglobin (g/dL) 10.90 ± 3.66 8.80 ± 1.93 0.126 

Hct (%) 31.20 ± 11.41 34.80 ± 10.15 0.353 

MCV (fL) 89.20 ± 7.33 92.70 ± 11.32 0.422 

MCH (pg) 26.40 ± 4.60 28.90 ± 4.14 0.218 

WBC Count (×10
9
/L) 7.50 ± 2.36 8.10 ± 2.68 0.602 

Platelet Count (×10
9
/L) 374.87 ±  106.15 248.00 ± 146.16 0.067 

HDL (mmol/L) 1.13 ± 0.32 1.26 ± 0.39 0.460 

LDL (mmol/L) 2.37 ± 0.59 2.80 ± 0.73 0.1.61 

Bilirubin (μmol\L) 15.72 ± 9.04 12.30 ± 7.41 0.368 

Albumin (g\L) 34.82 ± 9.04 23.53 ± 6.39 0.004 

HgbA (%) 35.19 ± 8.51 32.97 ± 8.19 0.560 

HgbA2 (%) 3.83 ± 1.22 3.77 ± 1.12 0.910 

HgbF (%) 11.40 ± 4.45 10.08 ± 4.58 0.522 

HgbS (%) 63.70 ± 4.76 67.78 ± 7.25 0.161 

INR 1.57 ± 0.94 2.33 ± 1.33 0.170 

APTT (Sec) 35.44 ± 6.69 37.77 ± 4.11 0.363 

 

WBC: White blood cell, RBC: Red blood cell, Hct: 
Hematocrit, MCV: Mean cell volume, MCH: Mean 

cell hemoglobin, MCHC: Mean cell hemoglobin 

concentration, HgbA: Hemoglobin A, HgbA2: 
Hemoglobin A2, HgbF: Hemoglobin F, HgbS: 

Hemoglobin S, INR: (international normalized ratio), 
APTT: (activated partial thromboplastin time).  Data 

are expressed as Mean ± SD, p ≤ 0.05 was considered 

statistically significant, or Data  

represented as %  

Figure 1: Prevalence of thrombotic events among SCD patients (both genders). Twenty-one out of 289 patients 

with sickle cell disease developed thrombotic 
complications over the period of three years 

(February 2016 to February 2019). 7 (33.3%) patients 
had DVT, 6 (28.6%) had stroke, 4 (19.1%) had PE, 2 
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(9.5%) had MI, and 2 (9.5%) had POVD. (Data 

represented as %). 

 

Figure 2: Frequency of thromboembolic events within SCD patients with respect to gender.  Stroke was 

frequent in males more than females with 24% and 
4.8% respectively, whilst DVT was high frequent in 

females with 19.1% compared with males (14.1%). 

PE was observed high prevalent in males (14.1%) 

than females (4.8%). Both gender had equally rates 
(4.8%) of MI, but POVD was observed among female 

patients. (Data represented as %). 

 

DISCUSSION 

Progression of thromboembolic complications and 
vaso-occlusive crises are the leading causes for 

increasing  disability and mortality among the SCD 

patients [11, 19]. Venous and/or arterial thrombosis 

formation is prevalent in the SCD patients causing 
serious complications such as stroke, PE and DVT 

[13, 20, 21]. Up-to-date, several studies have 

hypothesized and provided substantial evidence to the 
contribution of platelet activation, leukocyte 

adhesion, endothelial dysfunction, and coagulation 

defects in mechanisms of thromboembolism in SCD 
[22-25]. The present study aimed to identify the 

prevalence of thromboembolic events and common 

risk factors which may contribute to thrombogenesis 

in some Saudi patients with SCD. Our data show that 
21 patients (7.3%) out of our study sample developed 

thromboembolic events over a period of three years 

(February 2016-February 2019). The frequency of 
thromboembolic events among SCD patients was 

higher in males (57%) compared with females (43%) 

which was consistent with the previous findings by 

others [11]. We revealed that the median age for the 
SCD patients who had progressed thromboembolic 

events was 28 ± 9 years, which is considerably older 

than those who had not developed thromboembolic 
events. Our findings are consistent with previous 

study that showed 29.9 years was a median age for 

the SCD patients who developed thromboembolism, 
and suggested that the risk of thromboembolism is 

significantly augmented with increased age of those 
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patients when compared with universal population 

(>60 years) [26]. 

The current retrospective study demonstrated that 

SCD patients with clinical history of cardiovascular 

disease risk factors such as diabetes mellitus and 
hypertension significantly developed 

thromboembolism by 14.3% and 9.5% respectively. 

Moreover, SCD patients with the existence of 
splenomegaly, heart disease and liver disease were at 

a potential risk of thromboembolic complications. 

This is probably due to the fact that SCD patients with 
liver disease are at higher risk for thromboembolism 

due to defects in plasma coagulation factors that are 

synthesized in the liver. Therefore, those patients 

should be carefully supervised for the thrombus 
formation. Indeed, the presence of concomitant 

cardiovascular risk factor such as diabetes mellitus, 

arterial hypertension, obesity, health disorders, and 
liver disease in patients with SCD is highly associated 

with enhancement of thromboembolic complications 

[12, 18, 26]. We found that DVT, stroke and PE were 
more frequently among SCD patients with 33.3%, 

28.6% and 19.1 respectively, while MI and PVOD 

were less frequently with 9.5%. Furthermore, stroke 

was frequently reported in males more than females 
with 24% and 4.8% respectively, whilst POVD was 

high frequent in females with 9.5% compared with 

males (0%). Previous studies stated that patients with 
SCD have high risk the development of thrombosis 

through its effect on endothelial dysfunction, 

coagulation cascades in particular coagulation factors 

activation and fibrinolysis and that could possibly 
have a bigger influence on the development of 

thromboembolic events [11, 18, 22]. 

Our study additionally found that the significant 
decreased in the levels of HgbA with the concomitant 

increase in the level of HgbS were frequently 

observed in SCD patients with thrombosis versus 
SCD patients without thrombosis. HgbS is well-

known to induce the influence of hemoglobin 

polymerization causing rigidity of the erythrocytes 

with loss deformability which allows them to be 
trapped within the blood vessels, thus increasing 

whole blood viscosity [10, 27]. Austin et al. cited that 

HgbS is an independent risk factor for thrombus 
formation in SCD patients [26]. Consequently, 

increase levels of HgbS should be considered at 

higher risk factor for thromboembolic events in SCD 
patients. Collectively, we believe that presence of 

high levels of HgbS would augment the development 

of thromboembolism. 

The analyzed hematological and biochemical results 

showed no clear association between the 

development of thromboembolic events and these 
laboratory parameters and the data did not reach 

statistical significance (Table 2). However, serum 

albumin levels were significantly reduced in SCD 
patients with thrombosis particularly those diagnosed 

with diabetes mellitus when compared with SCD 

patients without thrombosis. As reported in previous 
studies, diminished concentration of albumin in the 

existence of concomitant thromboembolic risk factor 

such as diabetes mellitus critically enhanced risk of 

arterial and/or venous thrombus formation [28, 29]. 
Moreover, patients with diabetes mellitus have been 

shown to have liver problems and impaired liver 

synthesis of coagulation factors. Therefore, 
measurement of albumin levels in the serum of SCD 

patients specifically those with existing risk factor for 

thrombosis such as diabetes mellitus could help in 
recognizing patients at risk of thromboembolic 

complications. 

Our study showed that dropped platelet number were 

reported in SCD patients with thrombosis when 
compared to SCD without thrombosis (374.87 ± 

106.15 versus 248.0 ± 146.16), but no statistical 

significance observed. It could be explained that 
activation and consumption of circulating platelets in 

vivo leading to a reduction in platelet count among 

SCD patients with thrombosis. Moreover, the present 

data demonstrated that a shorter INR (extrinsic 
coagulation pathway) and aPTT (intrinsic coagulation 

pathway) in SCD patients with thrombosis compared 

with SCD patients without thrombosis in which may 
indicate to hypercoagulability that occurred in SCD 

patients with thrombosis. Hypercoagulability is 

defined as an imbalance of anti-versus coagulation 
system, resulting in the development of thrombogenic 

phenotype [30]. In general, a defective component of 

hemostasis system including coagulation pathways, 

platelets and endothelial cells in SCD has been 
identified to contribute to mechanisms of 

thrombogenesis [31, 32]. Overall, this is in favor of 

our arguments that SCD with an underlying diabetic 
mellitus or liver disease is at high risk to develop 

alterations in coagulation parameters. 

Our conclusion is that thromboembolic complications 
are more common in Saudi SCD patients, in particular 
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those with diabetic mellitus, liver disorder, heart 
disease, and hypertension, etc. Early detection and 

diagnosis of these high risks SCD patients should be 

implemented as these patients are at risk of arterial 

and/or venous thrombosis. This would be vital 
approaches to clinicians to help prevent the 

development of serious thromboembolic 

complications. 
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