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Abstract

Sickle cell disease (SCD) is the most common inherited blood disorder in the United States, and a 

global health problem. Pathological features of the abnormal hemoglobin (HbS) result in 2 

hallmarks of the disease - recurrent episodes of acute microvascular occlusion and chronic 

hemolytic anemia - that inflict continuous and insidious damage to multiple organs. With 

improved childhood survival, SCD in adults has evolved into a chronic degenerative disease with 

underlying damage to multiple organs including the heart and lungs. Cardiopulmonary 

complications, including cardiomyopathy, diastolic dysfunction, pulmonary hypertension (PH), 

and sudden cardiac death are the most common causes of morbidity and mortality. Awareness of 

the sickle-related cardiovascular phenotypes is important for screening, early diagnosis, and 

intervention of cardiac complications in this disorder.

Keywords

sickle cell; cardiac; diastolic dysfunction; pulmonary hypertension

1. Introduction to Hemoglobinopathies

The inherited disorders of hemoglobin (Hb) production are the most common human 

monogenic disorders. The most clinically significant among these are the ones affecting the 

adult β globin gene – β thalassemia and sickle cell disease (SCD)(1). β-thalassemia is 

caused by a quantitative deficiency of β-globin chains that are structurally normal, in 

contrast to SCD which is caused by a single base mutation in the β-globin gene, resulting in 

an abnormal Hb variant (Hb S, βGlu6Val) in which glutamic acid is substituted by valine in 

the sixth amino acid position. Deoxygenated HbS polymerizes within the red blood cells 

(RBCs) altering their structure and function. These damaged (typically sickle-shaped) RBCs 

are highly adhesive with a very shortened life span (1/6th that of normal RBCs) leading to 

the chronic hemolysis and recurrent acute painful vaso-occlusive crises (VOC) that are 

signature hallmarks of SCD. Vaso-occlusion in the microvasculature, with repeated episodes 
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of ischemia and reperfusion, causes widespread vasculopathy resulting in multi-system 

organ damage, including effects on the cardiovascular system. Although there are distinct 

differences in the clinical consequences of the molecular defects in these 

hemoglobinopathies, they may have similar etiologies for heart failure and other 

complications(2); therefore the term rheologic cardiomyopathy has been used (3). This 

review will focus specifically on cardiovascular manifestations in sickle cell disease and 

describe their pathophysiology, clinical phenotypes, and management.

2. Epidemiology and Causes of Death in SCD

In the United States, SCD affects approximately 100,000 Americans, the majority of whom 

are of African descent(4). It affects 1 in 365 African-American births and in 1 in 16,300 

Hispanic-American births. Heterozygotes (carriers) for Hb S (Hb AS) have a substantial 

survival advantage in malaria-endemic regions, hence SCD is more prevalent in parts of the 

world where malaria is endemic including sub-Saharan Africa, the Mediterranean, and 

central India. Widespread immigration of affected populations has increased the global 

distribution of this problem.

The predominant clinical manifestations of SCD are acute clinical events due to tissue 

ischemia and infarction, of which pain is the most common. Over time, repeated episodes of 

ischemia-reperfusion injury and the effects of hemolysis result in a chronic inflammatory 

state and vasculopathy that underlies the chronic end-organ damage. The severity of clinical 

complications is related to a number of factors including the SCD genotype. Patients with 

homozygous HbS (HbSS) and HbS/severe β thalassemia have a more severe anemia and 

clinical course compared to those with Hb SC or HbS/mild β thalassemia (5,6). Clinical 

severity can also vary markedly in the same genotype and is affected not only by the genetic 

background (i.e. other co-inherited genetic variants), but even more so by lifestyle, 

environmental factors, access to healthcare, and social determinants of health.

With improvements in screening and management of acute complications, over 95% of 

newborns with SCD in medium- to high-resource countries survive to adulthood. As a 

consequence, in the better-resourced countries, the burden of SCD has shifted to adults, 

where it has evolved into a chronic disorder with substantial morbidity from the ongoing 

inflammation and vasculopathy leading to end-organ impairment. Conditions related to 

physiological aging add to the sickle-related complications, posing multiple challenges in 

management of this older population of SCD patients. Overall, life expectancy of patients 

with SCD is still reduced by more than 2 decades compared to the general population(5, 6), 

and cardiovascular complications are a notable feature in the premature deaths (7).

A report on over 5000 deaths in SCD patients between 1999–2009 found that most died in 

their mid-thirties to mid-fifties(8). The five main causes of death according to death 

certificates were cardiovascular in 32% of patients, respiratory in 28%, renal in 16%, 

infectious in 14% and neurologic in 12%. Approximately 70% of deaths occurred in 

inpatients and the main cardiac causes included pulseless electrical alternans, myocardial 

infarction, and arrhythmias.
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In an autopsy study of 306 SCD patients, cardiac involvement was common with 

cardiomegaly seen in 58%, myocardial micro-infarcts in 20%, and heart failure in 10%. 

Clinical manifestations of chronic organ injury were reported in 25% of patients although 

autopsy reported evidence of chronic organ injury in 75% of cases suggesting that the 

clinical manifestations of the disease may significantly underestimate the degree of 

underlying chronic organ injury(9). Determining causes of death in SCD patients is 

problematic, due not only to a paucity of autopsy data, but often the final causes of death do 

not accurately portray the contribution of underlying chronic organ damage. Nonetheless, 

emerging evidence suggests that end-organ damage in the lung, heart, kidneys and liver is 

common and is the major contributor to premature mortality(10). These findings highlight 

the need to improve early detection and understanding of cardiac complications.

3. Cardiovascular Pathophysiology

Cardiac involvement in SCD is due to the anemia itself as well as the effects of HbS 

polymerization. Chronic anemia decreases the oxygen carrying capacity of the blood and 

results in a compensatory increase in cardiac output predominantly through a larger stroke 

volume. Peripheral vascular dilation to improve peripheral blood flow is another 

compensatory mechanism. High cardiac output and low systemic vascular resistance 

contribute to activation of the renin-angiotensin-aldosterone system, salt and water retention 

by the kidney, and a volume overload state(11). Chronic volume overload leads to dilation of 

all cardiac chambers and eccentric hypertrophy develops in response to increased wall stress. 

A volume overload state can be well-tolerated for many years as seen in valvular heart 

disease, but in the case of SCD, it can lead to increased venous return, increased filling 

pressures, and the syndrome of high-output heart failure(12).

Repeated vaso-occlusion and the continual release of cell-free hemoglobin from the ongoing 

hemolysis depletes the bioavailability of nitric oxide (NO), triggers a cascade of pro-

inflammatory activity setting off multiple pathophysiological factors that also involve 

neutrophils, platelets and vascular endothelium, ultimately contributing to vascular 

endothelial dysfunction that underlies the chronic organ damage in SCD(5,13). Repeated 

acute occlusions of the microvasculature eventually become chronic due to the vasculopathy 

itself and the ischemia causing micro-infarcts in multiple organs. In a mouse model of SCD, 

features suggestive of chronic ischemia and diffuse myocardial fibrosis have been seen in the 

myocardium(13). Similar findings of diffuse fibrosis have also been seen in humans and may 

partially explain some of the diastolic abnormalities(14).

Treatments may exacerbate the disease process itself; SCD patients receiving chronic 

transfusion therapy can develop iron overload in the liver; however, a small fraction of 

patients also develop iron deposition in the myocardium(15). Myocardial iron overload is 

detected with T2* magnetic resonance imaging (MRI) and is directly related to systolic and 

diastolic dysfunction, arrhythmias, and other cardiac complications.

Increased pulmonary pressures develop in SCD patients due to a combination of etiologies. 

High cardiac output, volume overload and relatively increased systemic pressures may 

increase pulmonary pressures in the absence of increased pulmonary vascular resistance. 
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Intravascular hemolysis contributes to vasculopathy throughout the pulmonary vascular 

tree(16) and intimal thickening in the pulmonary arteries and veins, thrombosis, and 

plexiform lesions have all been noted. Other pathologies such as chronic hypoxia, 

pulmonary thromboembolism, and SCD-related lung injury (e.g. acute chest crises) are also 

likely contributors.

4. Cardiac Phenotype

Heart failure (HF) has been an infrequent complication of the rheologic cardiomyopathy 

seen in SCD patients; however, incidence rates may be on the rise due to increased survival. 

A study using the National Inpatient Database from 2005–2014 found close to 8000 HF 

admissions in SCD patients(17) and concomitant PH, renal failure, and chronic liver disease 

were significant predictors of mortality.

a. Clinical Manifestations

In the majority of patients, left and right ventricular systolic function remains preserved(18). 

In approximately 9% of patients, the LV ejection fraction (EF) falls below the normal 

threshold of 55%, and, consistent with other cardiovascular conditions, this is associated 

with higher mortality(19, 20). Speckle-tracking echocardiography has been used to detect 

subclinical LV dysfunction through measurements of myocardial strain, or deformation, and 

most studies in SCD patients have shown normal myocardial contractility(21). Right 

ventricular (RV) dysfunction is also uncommon, although cardiac MRI studies have shown 

that RVEF is lower than controls(22).

In contrast to LV systolic function, LV diastolic function is often abnormal in SCD, and 

approximately one-quarter of patients have been found to have diastolic dysfunction 

although there is significant variation based on age of participants and criteria used. An early 

study of 235 subjects(19) showed that a low E/A ratio was associated with mortality with a 

risk ratio of 3.5 (95% confidence interval 1.5 to 8.4, p < 0.001), even after adjustment for 

tricuspid regurgitation (TR) velocity. Other markers of diastolic function, including peak E 

velocity, deceleration time, and septal e’/a’ ratio were also predictive of increased mortality. 

Diastolic dysfunction was associated with older age, increased blood pressure and 

creatinine, and lower hemoglobin level. In a larger study of 483 subjects with SCD(23), echo 

measures of tissue Doppler E/e’ ratios were used to estimate LV filling pressure and 

diastolic function. A higher lateral E/e’ ratio was associated with anemia, increasing age, 

blood pressure and creatinine level as seen in prior studies, as well as a higher body-mass 

index.

Diastolic dysfunction has also been associated with poor exercise capacity in SCD 

patients(23). While 6-minute walk distance correlated with younger age, male sex, lower 

body mass index, and a higher hemoglobin level, both the lateral E/e’ ratio (p=0.014) and 

the TR velocity (p=0.019) were independent predictors of a lower 6-minute walk distance.

Left atrial size is recognized as a good marker of the severity and duration of diastolic 

dysfunction(24) and a predictor of cardiac events in the general population. In SCD, 

however, results are mixed and left atrial size remains tightly linked to anemia and volume 
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overload. In a cohort of 127 adult patients with HbSS-SCD, left atrial enlargement was 

common and linked with age, hemoglobin, and LV size, but was not associated with the E/e’ 

ratio or diastolic dysfunction(25) while another study of children and young adults found 

some correlation between left atrial size and the E/e’ ratio(26).

Obstructive atherosclerotic coronary artery disease is uncommon in SCD patients, but they 

may present with chest pain in the setting of an acute sickling episode. Younger age and low 

cholesterol levels due to high metabolic demand are thought to account for lack of 

atherosclerotic disease. Troponin(27) and galectin-3(28) elevations have been seen during 

vaso-occlusive crises and are indicative of myocardial injury. Microvascular disease is the 

likely mechanism for these events which are typically Type II non-ST elevation infarcts in 

the setting of chronic anemia.

There is growing evidence of autonomic nervous system (ANS) abnormalities in SCD. Heart 

rate variability (HRV) is one measure of cardiac ANS activity and reflects the activities of 

the sympathetic and parasympathetic components. Normal beat-to-beat variation in heart 

rate reflects a balanced sympathetic and parasympathetic response whereas low HRV 

reflects impaired ANS activity. Several studies have shown low HRV in SCD patients during 

vaso-occlusive crises(29, 30) although prognostic implications of this finding are still 

unknown.

Electrocardiographic assessment of the QTc interval is a known risk factor for ventricular 

arrhythmias and sudden death in the general population. In a cohort of 224 SCD patients, 

QTc using the Bazett formula (QTcB) was related to mortality with a hazard ratio (HR) of 

1.22 per 10 ms, (P = 0.015), and a HR = 3.19 (P = 0.045) for a QTcB >480 ms(31). Other 

studies have shown a similar link to mortality as well as associations with TR velocity, 

hemolysis and acute chest syndrome(32, 33). Although a number of issues, including 

antibiotics, pain medications, and electrolyte abnormalities confound the interpretation of 

long QTc intervals in SCD patients, ECGs remain a simple, inexpensive screening tool for 

patients hospitalized with acute illness as well as symptomatic or higher risk outpatients.

Autopsy studies have shown that death in SCD patients is sudden and unexpected in at least 

40% of cases(9). Although pulseless electrical alternans and tachyarrhythmias have been 

described, reports of arrhythmias in sickle cell patients have been mainly anecdotal. One 

study in which 24-hour electrocardiographic monitoring was performed during episodes of 

acute crisis found arrhythmias in 80% of patients with an even split between atrial and 

ventricular events(34). Arrhythmias were more likely to occur in patients with abnormal 

myocardial function. Further work in this area is urgently needed to better understand 

arrhythmias and sudden death in this population.

b. Diagnosis of Cardiac Complications

The current American Society of Echocardiography guidelines for diastolic function 

assessment(24) in patients with preserved LV function include four key parameters (e’ 

velocity, E/e’ ratio, TR velocity, and LA volume). Although the E/e’ ratio is commonly used 

to assess LV filling pressure non-invasively, it has not been validated in an SCD population 

with high cardiac output and a volume overload state. As discussed below, left atrial size is 

Sachdev et al. Page 5

Trends Cardiovasc Med. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



not a reliable measure of diastolic function in SCD since all cardiac chambers are dilated 

due to anemia and there may be several etiologies for an increased TR velocity. Thus, 

assessment of diastolic function in SCD patients is complicated by numerous confounders, 

and, as a result, invasive measurement by right heart catheterization remains the best 

approach if high LV filling pressures are suspected.

Late gadolinium enhancement (LGE) imaging by CMR has been used for detection of 

myocardial injury, edema, or fibrosis, and most studies have detected focal areas of LGE in 

only a small number of SCD patients(22, 35). Since LGE is dependent on signal intensity 

differences between abnormal areas of myocardium and surrounding normal tissue, it may 

not detect areas of diffuse myocardial fibrosis. T1 mapping by CMR is a method of 

quantitating the extracellular volume (ECV) fraction of the interstitium and elevated levels 

have been validated with histologic measures of increased tissue collagen fraction in the 

absence of edema or tissue infiltration. Niss and colleagues studied 25 SCD patients with 

CMR and found increased ECV levels indicating diffuse fibrosis in all patients(14). ECV 

levels were associated with diastolic dysfunction and were elevated in both children and 

adults suggesting that chronic effects of anemia, ischemia-reperfusion and micro-infarcts 

may lead to diffuse myocardial fibrosis(26).

Although microvascular occlusion is responsible for the tissue damage and clinical 

manifestations of SCD, measurement of microvascular blood flow in humans remains 

challenging. Most clinical trials of new therapies use frequency of pain crises or other 

surrogate measures due to this limitation. Contrast-enhanced ultrasound (CEUS) of forearm 

skeletal muscle in SCD patients is a research technique that can detect changes in 

microvascular flow. A 30% reduction in flow during episodes of crisis has been noted 

compared to steady-state levels of flow(36). This method has also demonstrated an increase 

in myocardial and skeletal muscle microvascular flow in patients treated with 

hydroxycarbamide (hydroxyurea) compared with untreated patients(37). Further work is 

needed to evaluate the prognostic value of these measures.

Nuclear imaging has demonstrated both fixed and reversible defects consistent with 

ischemia(38). CMR imaging is well suited to evaluate myocardial flow reserve and 

microvascular dysfunction and recent studies have shown decreased myocardial perfusion 

reserve in SCD patients(35, 39).

Numerous studies using CMR have confirmed the lack of significant myocardial iron 

deposition, as measured by T2* values, in the majority of patients(35). Cardiac iron loading 

developed only when prolonged elevated liver iron concentration was present with increased 

non-transferrin bound iron species. Ferritin, which is an acute phase marker, is not a good 

marker of iron loading in SCD, but in view of accessibility, serum ferritin and transferrin 

saturation are still valuable for screening in heavily transfused patients, and CMR remains 

the gold standard for diagnosis of myocardial iron overload.

c. Management of Cardiac Complications

Acute heart failure treatment generally involves relieving congestion with loop diuretics 

along with supportive care. Chronic heart failure therapies, including beta blockers, 
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angiotensin converting enzyme inhibitors, and mineralocorticoid receptor antagonists, are 

generally recommended even though evidence levels are low.

SCD patients hospitalized for HF manifest both systolic and diastolic HF(17). Although 

clinical similarities between diastolic HF in SCD and the syndrome of heart failure with 

preserved ejection fraction (HFpEF) in the general population exist (40), successful 

treatments for both are lacking. Current management includes intensification of SCD-

tailored therapies including optimization of hydroxycarbamide therapy, careful attention to 

fluid status to avoid dehydration and fluid overload, and consideration of regular or 

exchange blood transfusion. If eligible, patients should also be considered for newer 

treatments such as Voxelotor (41) (FDA approved in November 2019) and pharmacy grade 

L-glutamine (42), (FDA approved in July 2017). Stem cell transplant(3) and gene therapy 

hold significant promise, but patients need to be able to undergo pre-procedure 

myeloablative conditioning, hence the importance of early detection of cardiac damage 

before the patient becomes ineligible.

Management of acute coronary syndromes and ischemic events requires a collaborative 

approach between hematologists and cardiologists for a case-by-case approach. Established 

therapies such as aspirin, nitroglycerin, beta-blockers and angiotensin converting enzyme 

inhibitors are often used. A report from the National Inpatient Sample database showed that 

SCD patients hospitalized with acute myocardial infarction had an odds ratio of 3.5 for 

higher mortality compared to non-SCD patients matched for age, gender, race, and year of 

admission(43). Since this was an administrative database, criteria for an acute myocardial 

infarction were not well-defined, and it is possible that in addition to type II infarctions 

secondary to microvascular disease, other confounding diagnoses such as acute chest 

syndrome, pulmonary emboli, and others may have been included.

For treatment of myocardial iron overload, iron chelation therapy is generally initiated at 

T2* levels <20 milliseconds on MRI. Treatment at higher T2* levels has recently been 

proposed to prevent permanent myocardial damage (44).

5. Pulmonary Vascular Phenotype

Pulmonary complications of SCD include acute chest syndrome, lower airways disease, 

sleep-disordered breathing, and pulmonary vascular complications. As these have been 

recently reviewed by a multidisciplinary group(45), the current discussion addresses only the 

pulmonary vascular complications and their relationship with cardiac manifestations.

a. Clinical Manifestations

Studies using echocardiography assessment of TR velocity have shown that approximately 

one-third of patients have a peak velocity of ≥2.5 m/s, and this is strongly associated with an 

increased risk of death (46, 47). A meta-analysis of studies confirmed this association, and 

found that patients with an increased TR velocity had a shorter exercise time and an 

approximately 5-fold higher hazard ratio for mortality (48).
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SCD patients with increased pulmonary pressures on echocardiography (Figure 1) can have 

pulmonary arterial hypertension, pulmonary venous hypertension, or a combination of both 

according to right heart catheterization. Due to the multifactorial mechanisms of increased 

pulmonary pressures, the World Health Organization classification for PH due to SCD now 

considers this in the Group 5 category with other hematologic disorders(49). Importantly, it 

is now recognized that approximately half of patients with elevated pulmonary pressures 

have pulmonary venous hypertension caused by left heart disease and elevated LV filling 

pressure and half have pulmonary arterial hypertension(50). An elevated TR velocity ≥ 2.5 

m/s should therefore be considered a marker of poor outcome since it is reflective of both 

cardiac and pulmonary end-organ involvement in SCD patients.

SCD patients are at high risk for venous thromboembolism (VTE) due to their 

hypercoagulable state. Deep vein thrombosis (DVT) and pulmonary emboli (PE) are 

increasingly being recognized as serious complications. Two large studies (51, 52) have 

shown that the incidence of VTE is 11–13%, with half presenting as PE and/or DVT, one-

quarter as isolated lower-extremity DVT and one quarter as isolated upper-extremity DVT. 

VTE was associated with greater than a two-fold risk of mortality in these patients and 

recurrence rates were high, affecting one-third of patients within 5 years.

b. Diagnosis of Pulmonary Vascular Complications

Although non-invasive assessment of pulmonary pressures can identify SCD patients at 

higher mortality risk, right heart catheterization is necessary to diagnose pulmonary 

hypertension. Right heart catheterization studies found that approximately 10% of patients 

met the original definition of PH with a mean pulmonary artery pressure (MPAP) ≥25 mm 

Hg(53). Recently, the 6th World Symposia on Pulmonary Hypertension (WSPH) 

reconsidered the hemodynamic criteria for PH and determined that the threshold should be a 

MPAP ≥ 20 mm Hg with a pulmonary vascular resistance (PVR) ≥ 3 Woods Units(49). 

Prevalence of PH in SCD patients will likely be higher with this new definition. 

Determination of pre-capillary PH, post-capillary PH, or both has been discussed in detail 

elsewhere(54).

Despite high mortality rates in SCD patients, only mild-moderate elevations in pulmonary 

pressures have been seen in the resting state. Cardiopulmonary stressors such as exercise are 

known to increase pulmonary pressures; therefore, the effect of other stressors that may 

acutely increase pulmonary pressures and impair right heart function are important. In 

patients studied during vaso-occlusive crises(55), TR velocities are increased and correlate 

with elevations in cardiac biomarkers(56). These acute elevations in pulmonary pressures 

may contribute to morbidity and mortality in SCD patients through acute and chronic right 

heart failure, and cor pulmonale is often seen(56).

A validated blood biomarker can also provide important diagnostic and prognostic 

information about pulmonary vascular disease. N-terminal (NT) pro-brain natriuretic peptide 

(proBNP) is released by cardiomyocytes in response to stretch from chamber dilation. A NT-

proBNP level ≥ 160 pg/ml identifies patients with a higher risk of PH, worse exercise 

capacity, and it is an independent predictor of mortality(57). An elevation of NT-proBNP 

combined with increased TR velocity ≥ 3m/s identified patients with the highest risk of 
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mortality (hazard ratio 14.9)(47). Although elevations in NT-proBNP levels were initially 

studied in the context of PH and were presumed to be due to right heart dilation, it is well 

known in heart failure patients that elevations in NT-proBNP can be due to left heart and/or 

right heart dilation. As discussed above for TR velocity, the NT-proBNP level is a valuable 

biomarker since it is reflective of left-sided and/or right-sided cardiac chamber involvement. 

As NT-proBNP is primarily cleared by the kidney, it could be falsely elevated in renal 

insufficiency that is commonly seen in SCD patients.

For clinical suspicion of VTE in SCD patients, ventilation/perfusion scanning is superior to 

computed tomographic angiography (CTA) and should be considered(58). In these patients, 

diagnosis is limited by the inability to use D-dimer levels due to chronic baseline elevations 

and the high prevalence of in situ pulmonary thrombosis seen on CTA(59) in one in six 

patients.

c. Management of Pulmonary Vascular Complications

Guidelines developed by the American Thoracic Society for management of PH in SCD 

patients recommend a baseline screening echo in all adult patients to evaluate TR 

velocity(54). If the TR velocity is ≥ 2.5m/s, further risk stratification with NT-proBNP and a 

6-minute walk test is recommended. A right heart catheterization is suggested for patients 

with a TR velocity ≥ 3m/s and symptoms, evidence of right heart abnormalities, or other 

high-risk features. Patients may also require evaluation with pulmonary function tests, 

ventilation/perfusion scans or sleep studies to rule out other etiologies of PH. SCD patients 

with high TRV or PH are often treated with aggressive hydroxyurea therapy to reduce 

incidence of vaso-occlusive events and acute chest syndrome, and a small cohort study (60) 

suggested that chronic transfusion therapy increases oxygen-carrying capacity, minimizes 

the hemolytic anemia, and provides similar benefits. On a recent survey of transfusion 

practices, SCD patients are receiving chronic exchange transfusions for a variety of 

indications including PH, heart failure and high TR velocity(61). The effectiveness of 

exchange transfusions in this setting is unclear and likely related to an increase in 

hemoglobin and replacement of the sickle Hb with normal Hb, thus reducing the frequency 

of acute sickle-related events.

For patients with catheterization-defined pulmonary arterial hypertension (PAH), endothelin-

receptor blockers, prostanoids and other group 1 PAH drugs may be considered after 

maximizing SCD-related care. Phoshodiesterase-5 inhibition is the only drug class studied in 

a randomized control trial in SCD patients. The Walk-PHaSST clinical trial (62) evaluated 

sildenafil use for PH in SCD, but was stopped early due to an increase in hospitalizations for 

pain in the sildenafil arm.

For VTE in SCD, management has been well summarized (59) and follows clinical 

guidelines for the general population, although more careful assessment of renal function is 

required to correctly dose direct oral anticoagulants. Patients with chronic thromboembolic 

PH could also be considered for riociguat therapy and percutaneous or surgical 

endarterectomy.
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6. Peripheral Vascular Phenotype

a. Clinical Manifestations

Sickle cerebral vasculopathy may be due to a number of factors, including loss of 

endothelial elasticity, inflammation, hypoxia, anemia, and volume overload. Central nervous 

system complications are a major source of morbidity and mortality in adults with SCD and 

they may develop either thrombotic or hemorrhagic strokes. In a cohort of over 500 SCD 

patients, a history of stroke, seizure and transient ischemic attack was seen in over 30% of 

patients and this doubled the risk of mortality(6). Cerebral aneurysms are common findings 

on MRI and may explain the high rate of hemorrhagic strokes (63, 64). In addition, silent 

cerebral infarcts are seen in over half of SCD patients undergoing MRI scans and may 

explain the neurocognitive decline seen in these patients(64). Non-sickle cell related co-

morbidities (hypertension, atrial fibrillation, smoking, obesity, obstructive sleep apnea) may 

also contribute to neurologic events and cognitive decline, especially as these individuals 

live longer through improved medical care and access.

SCD patients have lower mean blood pressure (BP) than the general population, including 

age-, sex-, and race-matched controls(65). They develop vasculopathy-associated organ 

dysfunction at “normal” blood pressure and relatively higher levels are associated with 

higher rates of stroke(66) and mortality. In a group of 163 SCD patients, 47% had a normal 

BP<120/70, 43% had pre-hypertension or relative systemic hypertension with a systolic 

BP120–139, diastolic BP 70–89, and 10% had a diagnosis of hypertension(67). Patients with 

relative systemic hypertension had a higher prevalence of elevated pulmonary pressures and 

renal dysfunction, and over 2 years, developed more complications than those with normal 

BP. A smaller study of 45 patients found that 38% were hypertensive and 20% were 

obese(68). With the increasing longevity of SCD patients, hypertension, relative systemic 

hypertension and other co-morbidities related to physiological aging add to the complexity 

of managing the older adult. These co-morbidities should be diagnosed early and effectively 

managed.

b. Diagnosis of Peripheral Vascular Abnormalities

Endothelial dysfunction, as measured by flow mediated dilation of the brachial artery, and 

arterial stiffness, has been described as abnormal in SCD patients(69), although results are 

mixed and testing remains challenging for clinical use. Abnormal carotid arterial stiffness 

and elevated transcranial Doppler velocities may be associated with risk of stroke in adult 

SCD patients(70, 71). Although transcranial Doppler screening and regular transfusions in 

children have led to improvements in the incidence of SCD-related stroke, this has not been 

determined in adults. For assessment of blood pressure, guidelines from the United 

Kingdom (UK) recommend blood pressure monitoring at every clinical encounter and 

careful treatment by primary care providers (72).

c. Management of Peripheral Vascular Abnormalities

UK Guidelines suggest that in the absence of albuminuria (albumin/creatinine ratio of 

<3.5mg/mmol), the target blood pressure should be <140/90 mm Hg. Above this level, 

treatment with a calcium channel blocker is recommended if patients are of African or 
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Caribbean origin. For patients with albuminuria, target blood pressure is <130/80 mm Hg 

and treatment recommendations include an angiotensin converting enzyme inhibitor, 

angiotensin receptor blocker, or a calcium channel blocker (72).7.

Conclusions

Microvascular injury and vasculopathy emanating from the primary event of HbS 

polymerization and sickling manifests in numerous organ systems, and involvement of the 

heart, lungs, and vasculature significantly impacts the morbidity and mortality of this 

condition. Currently, established treatment options are hydroxyurea and blood transfusion 

for this condition. Hydroxyurea reduces frequency of the vaso-occlusive episodes decreasing 

hospitalizations and enhancing survival in HbSS patients. It is unclear, however, whether 

hydroxyurea can reverse end-organ damage. Long term hydroxyurea starting in very early 

childhood may produce a generation of adults with fewer acute complications, fewer 

hospital admissions, decreased organ damage and improved survival. Red blood cell 

exchange transfusion is also being increasingly utilized for acute and chronic complications 

of SCD; however, the cardiovascular effects of this therapy are largely unknown. Newer 

therapies, including hematopoietic stem cell transplant (HSCT) and gene therapy hold 

promise for correcting the underlying defect in SCD. In a recent report of patients 

undergoing HSCT(3), significant cardiac improvements were seen over the first year 

following successful transplants. Although most patients improved from baseline levels in 

terms of atrial and ventricular dilation, almost one-third of them continued to have a dilated 

LV suggesting that some element of end-organ damage is irreversible. Thus, early detection 

and treatment remains critical.

Collaboration between primary care providers, hematologists, and cardiologists is required 

to improve the clinical care and address research gaps in this condition. While there are no 

pathognomonic features of cardiac pathology in SCD, the conglomeration of cardio-

pulmonary and vascular complications on a background of SCD defines the cardiac 

phenotype in a patient with SCD. Given the importance of cardiovascular involvement in 

risk stratification, acute decompensation, and chronic management, providers and 

cardiologists should have a low threshold to screen and evaluate patients with ECG, Holter 

or event monitors, echocardiogram, and cardiac MRI.
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Figure 1. 
60 year old man with sickle cell disease (HbSS), HTN, paroxysmal atrial fibrillation, and 

pulmonary hypertension. A. There is right heart dilation. B. The left atrium is severely 

dilated. C. Left atrial volume index is 105 ml/m2 (normal ≤ 34 ml/m2). D. Septal flattening 

is suggestive of RV pressure overload. E. Peak TR velocity is 4 m/s, gradient of 65 mmHg, 

estimated RVSP 75mmHg. F. Mitral annulus tissue Doppler peak septal e’ velocity is 7.6 

cm/s with E/e’ ratio of 14 suggesting elevated LV filling pressure.
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