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Background: Sickle cell disease is an inherited blood disorder which can lead to severe complications, particularly in the 
cardiovascular and respiratory systems, potentially resulting in arrhythmias, pulmonary hypertension (PH), and cardiomegaly. This 
study aims to investigate the risk of PH and arrhythmias in adult SCD patients.
Methods: Retrospective analysis of medical records from King Abdulaziz University Hospital (KAUH) for patients with SCD aged 
15 and above between 2009 and 2021. The study included 517 patients, with echocardiograms and electrocardiograms assessed 
according to the European Society of Cardiology/the European Respiratory Society (ESC/ERS) guidelines for categorizing PH risk 
(low, moderate, high) and detecting arrhythmias. Data analysis employed the Statistical Package for the Social Sciences (SPSS), 
utilizing quantitative and qualitative data representation. Multivariate logistic regression identified independent risk factors with odds 
ratios at a 95% confidence interval (CI).
Results: Among participants, 50.3% were male, with a total sample average age of 34.45 ± 9.28 years. Results indicated that 1.4% of 
patients experienced arrhythmias, 3.7% had a moderate PH risk, and 3.3% were classified as high PH risk. Logistic regression revealed 
significant independent risk factors for PH and arrhythmia in patients with SCD, with chronic kidney disease (CKD) carrying the 
highest odds (26.4 times higher odds of PH and 15.36 times higher odds of arrhythmias).
Conclusion: Patients with SCD are at risk for developing PH and various arrhythmias but are often underdiagnosed. Key risk factors 
for PH included CKD, liver cirrhosis, and pre-existing cardiac conditions. Arrhythmias were significantly associated with CKD and 
pre-existing cardiac conditions. To mitigate these risks, we recommend involving a multidisciplinary healthcare team in the care of 
adult patients with SCD. Future prospective studies are advised for early detection of PH and arrhythmias in hemoglobinopathy 
patients, potentially reducing mortality.
Keywords: sickle cell disease, arrhythmia, pulmonary hypertension, chronic kidney disease, hemoglobinopathies, PH risk

Introduction
Sickle cell disease (SCD) is a group of genetic red blood cell disorders, inherited as an autosomal recessive condition 
characterized by the presence of an abnormal hemoglobin S leading to polymerization of hemoglobin in the deoxygenated 
state causing changes and distortion in the shape of red blood cells and reduction of the flexibility of the hemoglobin.1–4 Sickle 
cell disease has two major components participating and playing a major role in most of the complications related to SCD: 
vaso-occlusive crises and hemolysis.2,5 During the inflammatory state, the interaction that happens between these distorted red 
blood cells with the white blood cells and the endothelium will lead to adhesion of this complex and will result in the occlusion 
of the blood vessels causing ischemia to different vital organs, including blood vessels supplying the cardio-respiratory and the 
cardio-vascular systems.6 Sickle cell disease in general involves many other subgroups under its umbrella, including sickle 
cell anemia, where the only abnormality is the presence of hemoglobin S; hemoglobin SC disease, where the hemoglobin S is 
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presented with another mutation in the beta-globin chain of the hemoglobin forming hemoglobin C; and hemoglobin sickle 
beta thalassemia, as the patient is carrying both mutation of hemoglobin S and the mutation of beta thalassemia at the same 
time.5 Since the first description of SCD more than a hundred years ago, our understanding of this inherited disease has 
dramatically improved and tis reflected in a positive way in patient care and management5,7,8 This evolution started in 1984 
with the first reported utilization of hydroxyurea in SCD patients to increase the level of fetal hemoglobin and decrease the 
crises and complications related to the disease9 This evolution has continued in the last 10 years by introducing new agents 
such as voxelotor, crizanlizumab, L-glutamin,10,11 and, most recently, gene therapy12 The adoption of some guidelines and 
methods in the care and management of SCD, such as vaccination and intensive screening, to address different expected 
complications has significantly decreased morbidity and mortality.1,13 A big difference is now noticed in morbidity and 
mortality between high income and low income countries, as training of healthcare providers and access to services are much 
more easily provided in high income countries. These disorders may also cause fatal complications, especially cardiopul
monary issues such as arrhythmias, tachycardia, pulmonary hypertension (PH), and cardiomegaly. Pulmonary hypertension is 
a pathophysiological condition with variable clinical presentations in the early and late stages of multiple clinical conditions, 
which can affect directly or indirectly the respiratory and cardiovascular systems.3,14 It is defined as a resting mean pulmonary 
artery pressure (mPAP) of ≥25 mmHg, with a mean pulmonary artery wedge pressure (PAWP) or left ventricular end diastolic 
pressure (LVEDP) of ≤15 mm Hg plus increased pulmonary vascular resistance (PVR).3 PH is of great importance and should 
be viewed with special consideration in patients with SCD as it is relatively common in those patients, and has significant 
implications for morbidity and mortality8 The early symptoms of pulmonary hypertension in sickle cell patients are usually 
non-specific and do not differ from symptoms presented in SCD with no pulmonary hypertension.14,15 Pulmonary hyperten
sion is usually confirmed by right heart catheterization, but there are some limitation of using this method in all suspected cases 
of pulmonary hypertension, as it is too expensive, is an invasive procedure, and is not available and accessible everywhere. 
Other non-invasive methods such as Doppler echo and NT-pro-BNP, which are not accurate enough to diagnose pulmonary 
hypertension and do not replace right side catheterization, are acceptable as alternative methods to identify and screen the 
group of patients at high risk of developing pulmonary hypertension.16 Pulmonary hypertension is classified into five general 
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groups: pulmonary arterial hypertension, pulmonary hypertension due to left heart disease, pulmonary hypertension due to 
lung disease and / or hypoxia, chronic thrombo-embolic pulmonary hypertension, and pulmonary hypertension with unclear or 
multifactorial mechanisms. Pulmonary hypertension related to SCD and hemolysis was initially classified under the category 
of pulmonary arterial hypertension in the published guidelines in 2009, which was written by the task force for treatment and 
diagnosis of pulmonary hypertension, a collaborative work between the European Respiratory Society and the European 
Society of Cardiology.17 The classification of pulmonary hypertension associated with SCD and hemolysis was then changed 
in 2013 at the Fifth World Symposium on Pulmonary Hypertension, and is now classified under the category of pulmonary 
hypertension with unclear or multiple etiology.18 Depending on the hemodynamics of the cardio-respiratory circulation, 
pulmonary hypertension can be subdivided into two major categories: precapillary and post-capillary pulmonary hyperten
sion. The subtype is usually recognized and categorized during the procedure of right heart catheterization locoing for and 
calculating two variables: pulmonary capillary wedge pressure and left ventricular end diastolic pressure. If one of these two 
variables is greater than 15, pulmonary hypertension will be categorized as post-capillary pulmonary hypertension; if one of 
the two variables is less than or equal to 15, it will be considered to be precapillary pulmonary hypertension. In SCD patients, 
there is an equal distribution between precapillary and post-capillary pulmonary hypertension among those who have 
pulmonary hypertension.19 Several risk factors were identified to contribute to the pathogenesis of PH in patients with 
SCD, including ongoing hemolysis and hypoxic pulmonary vasoconstriction, microvascular occlusion, left ventricle dysfunc
tion as well as a chronic inflammatory state, decreased nitrous oxide and hypercoagulability. In SCD patients, any oxidatively 
stressed environment can lead to the production of a reactive oxygen species (ROS), which can damage the endothelium; this 
ROS is found to be inhibited by nitrous oxide synthase. A decreased level of nitric oxide can enhance red blood cell adhesion 
to the endothelium.20,21 With regard to cardiac arrhythmias, it is defined as irregularities in the rhythm of the heartbeat, which 
could be either bradycardia or tachycardia; it affects all age groups. With recent advances in understanding the underlying 
electrophysiology of the heart and the development of arrhythmias, two major mechanisms of arrhythmias have been 
identified: enhanced or abnormal impulse formation or conduction disturbances.22

A study conducted in the United States concluded that the prevalence of PH among patients with SCD was 
approximately 30%, subcategorized into 17% mild, 8% moderate, and 3% severe. The prevalence was noticed to be 
higher in the group of SCD patients who had higher fetal hemoglobin level and lower systolic blood pressure.23 This is in 
keeping with another single-center study, conducted in Saudi Arabia, where prevalence was found to be 38%, with most 
being sub-categorized as mild PH; higher prevalence was noticed in the group of SCD patients who had a higher serum 
ferritin level and a lower fetal hemoglobin level.24 Studies that performed right heart catheterization for patients with 
elevated peak tricuspid regurgitant jet velocity reported a confirmed diagnosis of PH in 10% of patients with SCD. 
Higher prevalence was demonstrated in those patients with SCD who had a lower hematocrit level, and higher levels of 
direct bilirubin, aspartate aminotransferase, lactate dehydrogenase, and serum ferritin.25

Accumulating evidence suggests that the diagnosis of PH in patients with SCD acts as an independent predictor of 
mortality.14 One study based on an estimate of median survival time of about 6.8 years after the diagnosis of PH found 
that those those with pulmonary hypertension died at a younger age compared to those without.25

As for arrhythmias, a study in the United States concluded that paroxysmal atrial fibrillation was the most common 
arrhythmia among patients with SCD crises, followed by supraventricular tachycardia, long QT syndrome, atrial flutter, 
and ventricular fibrillation.26 In addition, a study among inpatients with SCD in the United States showed that 3.4% of 
them had documented arrhythmias. Of SCD-related admissions, 60% were associated with arrhythmia, with an obvious 
and clear rise in prevalence in subsequent years that significantly impacted care as it was associated with higher mortality 
in SCD patients and increased duration of hospitalization.27

After reviewing the literature, there were no updated studies regarding the incidence of PH risk and arrhythmias in adult 
patients with SCD in Saudi Arabia. Thus, we aimed to analyze it and provide data for future research, retrospectively.

Subjects and Methods
This retrospective study was done using hospital medical records at King Abdulaziz University Hospital (KAUH), 
a major tertiary care center in Jeddah, Saudi Arabia. We obtained ethical approval from the Unit of Biomedical Ethics 
Research Committee of KAUH (reference number 565–21; approved on 28 November 2023). Informed consent was not 
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required and was waived by the ethical committee as this study was a retrospective non-interventional study, and all 
information was collected from the medical records in the hospital. The data were anonymized and maintained with 
confidentiality in the office of the corresponding author in compliance with the Declaration of Helsinki. This study 
included all patients with a diagnosis of sickle cell disease who were followed between 2009 and 2021. We excluded 
patients with sickle cell anemia trait, pediatric patients below 15 years, and those who had never undergone an 
echocardiogram or electrocardiogram (ECG). Initially, 838 patients were screened, and after the application of the 
exclusion criteria, 517 patients’ medical records were reviewed. All included patients had their records examined by 
a consultant cardiologist to screen for arrhythmias and assess the risk for PH according to the tricuspid regurgitation 
velocity observed in their echo, as adapted from the European Society of Cardiology/European Respiratory Society 
(ESC/ERS) guidelines.28 Thereafter the patients were categorized into three risk groups: high risk when peak tricuspid 
regurgitation velocity (TVR) is 2.9−3.4 with other PH signs on echo or when >3.4; moderate risk when peak TVR is ≤2.8 
or not measurable in the presence of other echo PH signs or peak TVR is 2.9–3.4 with no other PH signs; and low risk 
when peak TRV is ≤2.8 or not measurable, with no other echo PH signs.

For the purpose of data collection, a pre-designed checklist was prepared to collect data about patients’ demographics 
(age, gender), death, type of hemoglobinopathy, comorbidities (cardiovascular diseases, diabetes mellitus, thyroid 
disease, history of pulmonary embolism (PE) or deep vein thrombosis (DVT), chronic kidney disease (CKD), pre- 
existing cardiac conditions (this included ischemic heart disease, valvular heart disease or rheumatic heart disease, liver 
cirrhosis, and hypertension [HTN]), in addition to patients’ echocardiography reports and ECGs.

Data were analyzed using the Statistical Package for the Social Sciences (SPSS) program, version 26. To test the 
relationship between variables, qualitative data was expressed as numbers and percentages, and the chi-squared test was 
used to test the relationship between variables. Quantitative data was expressed as mean and standard deviation (mean ± 
SD). Multivariate logistic regression analysis was done to assess the association of risk factors with developing 
arrhythmias among studied patients. In addition, a multivariate ordered logistic regression model assessing the associa
tion of risk factors and risk for pulmonary hypertension was done. The odds ratio was calculated, and 95% confidence 
intervals (CIs) were reported. A p-value of less than 0.05 was considered statistically significant.

Results
A total of 517 patients diagnosed with SCD were reviewed. Of these patients, 257 (49.7%) were female and 260 (50.3%) 
were male. Mean age was 34.45 ± 9.28 years. Upon investigation of different comorbidities, pre-existing cardiac 
conditions were the most prevalent (10.6%). Moreover, 7 (1.4%) had an arrhythmic episode, and 19 (3.7%) had 
a moderate risk of pulmonary hypertension and 17 (3.3%) were considered high risk. Of the included sample, 46 
(8.9%) patients were deceased, with a mean age at death of 33 ± 10.3. Among those patients who had an arrhythmic 
episode, 2 developed atrial fibrillation, 3 developed first-degree heart block, 1 had supra-ventricular tachycardia, and 1 
had a pulseless electrical activity. Demographic details and percentage distributions among studied patients are shown in 
Table 1. Based on echocardiography assessment, 11 (4.2%) and 10 (3.8%) males were found to have a high and moderate 
risk of PH, respectively, compared to 6 (2.3%) females with a high risk of PH and 9 (3.5%) with a moderate risk; there 
were no significant differences according to sex (p=0.467). Investigating the effect of the copresence of other comorbid
ities, PH showed a significant association with the following pre-existing cardiac conditions: venous thromboembolism, 
liver and kidney disease, and hypertension (p<0.000). In addition, among deceased patients, 7 (15.2%) had a high risk 
of PH while 2 (4.3%) had a moderate risk (p<0.000). Details of PH and its relationship to other variables are provided in 
Table 2. As for arrhythmias, most patients were male (5, 71.4%), in comparison to 2 females (28.6%), with no significant 
difference (p=0.26). There was a significant association between the presence of cardiac conditions and the development 
of arrhythmia, with 4 patients (57.1%) having pre-existing cardiac conditions (p<0.004). However, there was no 
significant association between having a history of PE and DVT with arrhythmias and not having such a history (1 
patient [14.3%] and 6 patients [85.7%], respectively; p=0.259). Among patients with chronic kidney disease, two had 
a recorded incidence of arrhythmias, with a significant difference (p<0.001). Finally, there was a significant association 
between having PH and developing arrhythmias; two (28.6%) patients with arrhythmias were found to have a high risk 
of PH while three (42.9%) had a moderate risk (p<0.000) (Table 3).
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Table 1 Distribution of Studied Patients According to 
Their Demographics, Chronic Diseases, PH Risks and 
Outcomes (N=517)

Variable Number (%)

Demographics

Age in years (mean ± SD) 35.5 ± 9.27
Male 260 (50.3)

Medical history
Pre-existing cardiac condition 59 (11.4)

Thyroid disease 7 (1.4)
History of venous thromboembolism 26 (5)

Liver cirrhosis 5 (1)

Chronic kidney disease 6 (1.2)
Diabetes mellitus 7 (1.4)

Hypertension 36 (7)

RVSP (mean ± SD) 38.5± 17.36

Risk of pulmonary hypertension
High risk 17 (3.3)

Moderate risk 19 (3.7)

Low risk 481(93)

Arrhythmia 7 (1.4)

Death 46 (8.9)

Table 2 Relationship Between Prevalence of Pulmonary Hypertension Risk and Patients’ 
Demographics, Chronic Diseases, and Outcomes (N=517)

Variable Pulmonary Hypertension Risk p-value

High 
number (%)

Moderate 
number (%)

Low 
number (%)

Gender
Female 6 (2.3) 9 (3.5) 242 (94.2) 0.467

Male 11 (4.2) 10 (3.8) 239 (91.9)

Nationality

Non-Saudi 11 (5) 5 (2.3) 206 (92.8) 0.067

Saudi 6 (2) 14 (4.7) 275 (93.2)

Pre-existing cardiac condition

Yes 11 (18.6) 8 (13.6) 40 (67.8) <0.000
No 6 (1.3) 11 (2.4) 441 (96.3)

Thyroid disease
Yes 0 (0.0) 2 (28.6) 5 (71.4) 0.043

No 17 (3.3) 17 (3.3) 467 (93.3)

Venous thromboembolism

Yes 5 (19.2) 5 (19.2) 16 (61.5) <0.000

No 12 (2.4) 14 (2.9) 465 (94.7)

(Continued)
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Logistic regression analysis was done to evaluate for independent risk factors and multiple significant results were 
noted (Tables 4 and 5). CKD, liver cirrhosis, arrhythmias, history of PE or DVT, HTN, and pre-existing cardiac 
conditions were all found to be independent risk factors for pulmonary hypertension in patients with sickle cell disease. 
Furthermore, patients with CKD were found to have 26.4 times higher odds of developing pulmonary hypertension than 
their counterparts (95% CI: 2.76–253.19; p=0.005). Also, patients with arrhythmias had 8.31 times increased odds of 

Table 2 (Continued). 

Variable Pulmonary Hypertension Risk p-value

High 
number (%)

Moderate 
number (%)

Low 
number (%)

Liver cirrhosis
Yes 1 (20) 4 (80) 0 (0) <0.000

No 16 (3.1) 15 (2.9) 481 (93.9)

Chronic kidney disease

Yes 4 (66.7) 2 (33.3) 0 (0) <0.000

No 13 (2.5) 17 (3.3) 481 (94.1)

Diabetes mellitus

Yes 0 (0) 1 (14.3) 6 (85.7) 0.398
No 17 (3.3) 18 (3.5) 475 (93.1)

Hypertention
Yes 6 (16.7) 4 (11.1) 26 (72.2) <0.000

No 11 (2.3) 15 (3.1) 455 (94.6)

Death

Yes 7 (15.2) 2 (4.3) 37 (80.4) <0.000

No 10 (2.1) 17 (3.6) 444 (94.3)

Arrhythmia

Yes 2 (28.6) 3 (42.9) 2 (28.6) <0.000
No 15 (2.9) 16 (3.1) 479 (93.9)

Table 3 Relationship Between Prevalence of Arrhythmias and Patients’ 
Demographics, Chronic Diseases, and Outcomes (N=517)

Variable Arrhythmias χ2 p-value

Yes No. (%) No No. (%)

Age 33 ± 11.37 34.47 ± 9.26 6* 0.548

Gender

Female 2 (28.6) 255 (50) 1.26 0.26

Male 5 (71.4) 255 (50)

Nationality

Non-Saudi 2 (28.6) 220 (43.1) 0.59 0.439
Saudi 5 (71.4) 290 (56.9)

Pre-existing cardiac condition

Yes 4 (57.1) 55 (10.8) 16.14 0.004

No 3 (42.9) 455 (89.2)

(Continued)
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Table 3 (Continued). 

Variable Arrhythmias χ2 p-value

Yes No. (%) No No. (%)

Thyroid disease

Yes 0 (0.0) 7 (1.4) 0.09 0.755
No 7 (100) 503 (98.6)

Venous thromboembolism
Yes 1 (14.3) 25 (4.9) 1.27 0.259

No 6 (85.7) 485 (95.1)

Liver cirrhosis

Yes 0 (0.0) 5 (1) 0.06 0.792

No 7 (100) 505 (99)

Chronic kidney disease

Yes 2 (28.6) 4 (0.8) 46.48 <0.001
No 5 (71.4) 506 (99.2)

Dabetes mellitus
Yes 0 (0.0) 7 (1.4) 0.09 0.755

No 7 (100) 503 (98.6)

Hypertension

Yes 0 (0.0) 36 (7.1) 0.53 0.466

No 7 (100) 474 (92.9)

Death

Yes 2 (28.6) 44 (8.6) 3.38 0.066
No 5 (71.4) 466 (91.4)

Table 4 Multivariate Ordered Logistic Regression for Pulmonary Hypertension

Variable Odds ratio p>|z| [95% confidence interval]

CKD 26.42451 0.005 2.757854–253.1877

Liver cirrhosis 8.906725 0.022 1.368189–57.98159

Arrhythmias 8.31469 0.026 1.288201–53.66714

Venous thromboembolism 7.458677 0.000 2.646451–21.02131

Thyroid disease 4.737422 0.146 0.5810386–38.62595

Hypertention 3.549194 0.019 1.234815–10.20135

Pre-existing cardiac condition 3.166149 0.020 1.200802–8.348167

Table 5 Multivariate Logistic Regression for Arrhythmias

Variable Odds ratio p>|z| [95% confidence interval]

Arrythmias 15.36027 0.013 1.770316–133.2745

CKD 6.28068 0.039 1.09699–35.95924

Pre-existing cardiac condition 0.0167641 0.031 0.0004059 – 0.6923091
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pulmonary hypertension (95% CI: 1.29–53.67; p=0.026). On the other hand, thyroid disease was found to have no 
significant difference regarding pulmonary hypertension risk (p=0.146).

Additionally, patients with CKD were found to have 15.36 times higher odds of developing cardiac arrhythmias in 
comparison to patients without CKD (95% CI: 1.77–133.27; p=0.013); however, patients with pre-existing cardiac 
conditions were found to have 6.28 times higher odds than patients without them (95% CI: 1.09–35.96; p=0.039).

Discussion
Patients with sickle cell disease are at high risk for many complications, including cardiac and pulmonary complications. 
In this study we retrospectively reviewed SCD patients at a tertiary care center in a region with a high prevalence of the 
disease. Sickle cell disease patients who had undergone echocardiographic evaluation and had had an ECG assessment 
were analyzed. The study found that around 3.3% of patient had a high risk of PH and 3.7% had a moderate risk based on 
tricuspid regurgitation velocity observed in their echo, as adapted from ESC/ERS guidelines for the diagnosis and 
treatment of pulmonary hypertension.28 Patients with other comorbidities, including CKD, liver cirrhosis, arrhythmias, 
VTE, HTN, and pre-existing cardiac conditions, were found to have higher odds of being at risk of PH. Only 1.4% of the 
patients assessed had arrythmia; a history of CKD and pre-existing cardiac conditions carried the highest odds.

Though echocardiographic assessment can suggest a diagnosis of PH and establish a risk category based on peak 
TVR velocity, a right heart catheterization is usually required to confirm diagnosis as it is the gold standard test.29 Studies 
that look at patients with SCD who have undergone right heart catheterization are likely under-reporting the prevalence 
of this important complication in this vulnerable patient population; the invasive nature of this procedure and the cost and 
technical difficulties associated with it do not allow all patients to undergo such a workup. Therefore, in this study we 
preferred to evaluate the risk of PH by echocardiography to capture all symptomatic and asymptomatic SCD patients.

The significant association between VTE and risk of PH reported in this study (p<0.000) is in keeping with a similar study 
which explained how sickle cell disease by itself is associated with chronic hypercoagulable states via various mechanisms, 
including the chronic hemolysis that increases the risk of VTE but also contributes to the pathogenesis behind developing PH. The 
researchers also found an increased risk of VTE by 30% or more depending on the SCD genotype in patients with pulmonary 
hypertension. The occurrence of thromboembolic events in the pulmonary blood vessels is underestimated and sometimes 
misdiagnosed in SCD patients, as some of them will have no signs or symptoms of acute venous thromboembolism or pulmonary 
embolism. However, when imaging by CT scan or ventilation perfusion scan of the lung is performed for any reason, an incidental 
finding of a thromboembolic event or its consequences is usually found. This was supported in a study that demonstrated the 
presence of acute thromboembolic events in more than 50% of SCD patients, and a ventilation perfusion scan of the lung revealed 
mismatched segmental perfusion defects in around 80% of cases.30 This finding signifies the need for further preventative 
measures to ensure reduction of VTE risk in this patient group.31 In addition, this study shows what several studies have 
documented before regarding the significant relation between pre-existing cardiac conditions, pulmonary hypertension, and 
SCD.32,33 Furthermore, pulmonary hypertension risk was associated with chronic kidney disease (p<0.000); all six patients had 
a moderate to high risk (33.3% and 66.7%, respectively). This finding is consistent with another study that postulated common 
mechanisms shared in the pathogenesis of CKD that could also exacerbate or induce PH, such as volume overload, severe anemia, 
and left ventricular dysfunction. However, this study was not specific to patients with sickle cell disease.34 Moreover, the study 
commented that correcting volume overload and treatment of left ventricular disorders can help reduce PH in patients with CKD. 
The statistically significant association between pulmonary hypertension and increased mortality in patients with SCD shown in 
this study has been documented in previous prospective and registry-based studies.35,36 This finding calls for more attention to 
implementing strategies to enhance early diagnosis of PH and trials to assess treatment options and to establish guidelines for the 
follow-up and management of SCD patients.

The anemia and polymerization of hemoglobin can lead to cardiac involvement in SCD, whether it is left or right ventricular 
dysfunction.37 In this study, we investigated the presence of arrhythmias in patients with SCD. Only seven patients were found to 
have arrhythmias, while in a similar study, which included 100 patients with SCD, 41% were found to have arrhythmias, mainly 
sinus tachycardia.38 The discrepancy of our finding compared to the other aforementioned study could be due to the timing of 
ECG assessments, which were conducted outside the occurrence of arrhythmia, and potentially influenced the observed results. 
Additionally, 5 out of 7 patients with arrhythmias were found to have a moderate to high risk of PH (p<0.000). Similarly, the 
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relationship between PH and arrhythmias has been reported in previous studies; one concluded that QTc dispersion is associated 
with SCD, especially in those patients with PH.39 Moreover, about 50% of patients with CKD had arrhythmias with a significant 
difference (p<0.000). It was noted in a previous study that patients on hemodialysis have various arrhythmic triggers, including 
left ventricular dysfunction and fluid overload.34 Despite the low incidence of arrhythmias found in SCD patients, most of the 
events were observed in the sub-groups who have CKD or a high risk of developing PH, suggesting that screening for arrhythmias 
is recommended in those sub-groups. In addition, hemodialysis is associated with significant alterations in electrolyte levels, with 
gradual shifts occurring between dialysis sessions and rapid changes during the dialysis procedure. The established risk of 
arrhythmias related to these electrolyte fluctuations, along with the chronic and often severe electrolyte imbalances prevalent in 
individuals with CKD, is widely recognized.40 Therefore, implementing cardiovascular risk modification and prevention of 
electrolyte disturbances can be beneficial.40 In this study, arrhythmias were found to have no significant association with death as 
an outcome in patient condition (p=0.066), contrary to other studies in the literature that mention them as a risk factor for increased 
mortality and length of stay.38 Disparity in this result could be due to the small number of documented arrhythmic patients in our 
data, or maybe the presence of other comorbidities associated with arrhythmia in SCD patients in the other literature described 
here contributed to the outcome directly or indirectly.

The strength of this study mainly comes from representing real-world data in a country with a high prevalence of 
sickle cell disease. On the other side, this study has many limitations, mainly its retrospective nature and the challenges 
related to patients’ loss of follow-up, which may introduce gaps in patient data. Another limitation is that the documented 
cases of arrhythmia were small and we could not be certain in predicting their morbidity and mortality.

In conclusion, adult patients with SCD are at risk of developing pulmonary hypertension and various arrhythmias. 
However, this risk is often underestimated and underdiagnosed in this population despite their great significance and effect 
on patients’ survival. This study highlights the importance of strategies that can potentially serve as a preventative approach, 
such as: addressing fluid and electrolyte imbalances, implementing interventions to lower cardiovascular risk, and involving 
a multidisciplinary healthcare team in the care of adult SCD patients, even if they are asymptomatic. Moreover, further 
research is needed regarding the relationship between chronic kidney disease and pulmonary hypertension in the setting of 
sickle cell disease, which can help to improve our understanding and hopefully achieve better care of such patients. Also, 
studies using a prospective design are recommended for better identification of pulmonary hypertension and arrhythmias in 
patients with SCD to establish screening programs for early prediction and decreased mortality.
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