

  thalassrep-13-00005




thalassrep-13-00005







Thalass. Rep. 2023, 13(1), 38-50; doi:10.3390/thalassrep13010005




Review



Cardiovascular Complications in β-Thalassemia: Getting to the Heart of It



Nathalie Akiki 1[image: Orcid], Mohammad H. Hodroj 1, Rayan Bou-Fakhredin 2[image: Orcid], Kamal Matli 3 and Ali T. Taher 1,*[image: Orcid]





1



Division of Hematology-Oncology, Department of Internal Medicine, American University of Beirut Medical Center, Beirut 1107 2020, Lebanon






2



Department of Clinical Sciences and Community Health, University of Milan, 20122 Milan, Italy






3



Department of Cardiovascular Medicine, Institut Mutualiste Montsouris, 75014 Paris, France









*



Correspondence: ataher@aub.edu.lb







Academic Editor: Aurelio Maggio



Received: 17 September 2022 / Revised: 30 December 2022 / Accepted: 23 January 2023 / Published: 30 January 2023



Abstract

:

Beta thalassemia is an inherited disorder resulting in abnormal or decreased production of hemoglobin, leading to hemolysis and chronic anemia. The long-term complications can affect multiple organ systems, namely the liver, heart, and endocrine. Myocardial iron overload is a common finding in β-thalassemia. As a result, different cardiovascular complications in the form of cardiomyopathy, pulmonary hypertension, arrhythmias, and vasculopathies can occur, and in extreme cases, sudden cardiac death. Each of these complications pertains to underlying etiologies and risk factors, which highlights the importance of early diagnosis and prevention. In this review, we will discuss different types of cardiovascular complications that can manifest in patients with β-thalassemia, in addition to the current diagnostic modalities, preventive and treatment modalities for these complications.
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1. Introduction


Thalassemia is one of the most common inherited hemoglobinopathies with an autosomal recessive pattern, characterized by anemia and small-sized red blood cells [1]. The anemia is caused by a partial or complete impaired production of one of the globin chains leading to an alpha/beta-globin imbalance, ineffective erythropoiesis, and chronic hemolysis [2]. Beta thalassemia is a major form of thalassemia with a prevalence of 1.5% of the world population and is currently expanding to other regions where the disease was previously rare, mainly due to the increased migration patterns around the world [3,4]. The thalassemia spectrum is clinically divided into two main categories based on the patient’s need for blood transfusion. Patients with transfusion-dependent thalassemia (TDT) commonly present with severe anemia in early childhood, requiring a lifelong therapy of regular transfusions to survive. On the contrary, non-transfusion-dependent thalassemia (NTDT) patients usually present with mild to moderate anemia in a later stage of childhood or even in adulthood, requiring only occasional or short-course regular transfusions in certain clinical settings [5]. The classification of NTDT is not always straightforward since patients might require frequent regular transfusions in later stages of life. Thus, NTDT patients can only be placed under the category of TDT if they are dependent on transfusions for the remainder of the disease [5].



Cardiovascular disease still remains the major cause of death in both TDT and NTDT patients with a prevalence of 71% [6]. The primary reason for cardiac damage in these patients is iron overload, which is caused by frequent blood transfusions, hemolysis, increased intestinal absorption, and a lack of iron excretion mechanism in the body [6,7].



The incidence of cardiomyopathy in TDT patients due to iron accumulation ranges from 11.4% to 15.1% [7]. This is due to recurrent blood transfusions leading to iron accumulation at high levels in the body. However, in the case of NTDT, excess iron still builds up even in the absence of regular transfusions as a response to ineffective erythropoiesis and hepcidin suppression, which leads to increased iron absorption [8]. In NTDT, iron accumulation occurs more commonly in the liver rather than the heart, but the underlying pathophysiology related to NTDT can result in an increase in cardiac output, volume overload, endothelial dysfunction, inflammation, and hypercoagulability, thus leading to cardiac complications [2]. Despite the prevalence of these cardiac complications in adults, it has been also shown that cardiac iron has also been detected in one-third of pediatric β-thalassemia patients ranging between 15–18 years of age, with the majority remaining asymptomatic [9].



Throughout the past years, advances in the monitoring of iron and the accessibility of iron chelators have increased the life expectancy of patients, however comorbidities are still manifested at an advanced age in β-thalassemia patients [10,11]. Despite this, however, there are cardiac complications such as heart failure, arrhythmias, cardiomyopathies, fibrosis, and vasculopathies [11]. Thus, education and awareness about cardiac complications is beneficial [12]. In this review, we will discuss different types of cardiovascular complications that can manifest in patients with β-thalassemia, in addition to the current diagnostic modalities, preventive and treatment modalities available for these complications.




2. Pathophysiology of Cardiac Complications in β-Thalassemia


The main factor involved in the pathophysiology of cardiac dysfunction in β-thalassemia patients is iron overload, especially in TDT. Other factors that play a role include deficiencies in carnitine, thiamine, vitamin D, selenium, autoimmune diseases (hypothyroidism, hypoparathyroidism and hypogonadism) and hepatitis C (Figure 1) [13]. The etiology of iron overload is mainly attributed to repetitive blood transfusions alongside ineffective erythropoiesis, peripheral hemolysis, and increased intestinal absorption [14]. Before the introduction of iron chelation therapy for the management of β-thalassemia patients, a broad range of heart related complications was constantly being reported including pericarditis, myocarditis, high output HF, and arrhythmias. However, there has been a significant decline in heart related mortalities in β-thalassemia patients with the use of iron chelators, thus increasing survival [15]. Unfortunately, despite advances in iron chelation therapy, cardiac iron accumulation and toxicity continues to be the leading cause of mortality in thalassemia patients today [16].



The exact pathophysiology behind these clinical manifestations is attributed to the free iron generated by the Fenton reaction and Haber-Weiss reactions. These free radical mediated pathways can damage different types of cells in the heart, such as cardiomyocytes [17]. The normal transport of iron throughout the circulation is mediated by protein transferrin, which limits its toxic effect [18]. In the case of excess iron in β-thalassemia, ferritin becomes fully saturated, which allows labile plasma iron to enter cardiomyocytes as ferrous iron (Fe2+) via voltage-dependent L-type Ca2+ channels. The three forms of iron storage in cardiomyocytes are ferritin, hemosiderin and labile iron, which is the accessible form for iron chelation and the most toxic one, responsible for the free radical reactions [14].



When compared to normal cardiomyocytes, it was shown that iron overloaded cardiomyocytes showed changes in parameters of the action potential, such as decreased overshoot and shorter duration of the action potential [15]. One of the underlying mechanisms affecting the action potential of the cardiomyocytes is the decrease in calcium currents [19]. This is due to the similarity in size and charge between ferrous iron and the calcium ions responsible for the excitation-contraction coupling and the action potential. Ferrous iron directly acts on the ryanodine-sensitive calcium channel responsible for contraction and for the reuptake of calcium in the sarcoplasmic reticulum [20]. The electrophysiological changes caused by iron overload make the heart susceptible to re-entry circuits, bradycardia, atrial fibrillation (AF), and arrhythmias, all of which can be life-threatening [21].



In the case of NTDT patients who do not require regular blood transfusions, the main pathophysiology of cardiac dysfunctions is due to chronic untreated anemia, leading to prolonged tissue hypoxia. This leads to an increase in pulmonary vascular resistance, a high output state and pulmonary hypertension. Thus, chronic hypoxia is a key factor in differentiating the clinical cardiac complications of TDT and NTDT patients [22].



2.1. Cardiomyopathy


Cardiomyopathies are groups of diseases related to structural and functional changes in the heart that can be primary (genetic and acquired causes) or secondary (from infiltrative, toxic, or inflammatory etiologies) in nature [23,24]. They are defined by the American Heart Association as a group of myocardial diseases with inappropriate ventricular hypertrophy which can lead to progressive heart failure or cardiovascular death [25].



In the case of patients with β-thalassemia, inadequate iron chelation therapy in addition to poor patient adherence and compliance is a major contributor to patients developing HF. Clinically, dyspnea and fatigue are reported by this patient population. Both, the left and right ventricles may be involved, with right sided HF symptoms usually presenting later on during the course of left HF. In terms of ventricular function, two major HF phenotypes have been described [20]. The first phenotype commonly presents as dilated cardiomyopathy associated with left ventricular dilatation and reduced ejection fraction. The second phenotype manifests as restrictive cardiomyopathy characterized by a restrictive diastolic filling pattern on echocardiography and elevated left ventricular filling pressures eventually leading to pulmonary hypertension (PH) and right sided HF. Both phenotypes may manifest clinically as congestive HF [14]. Moreover, chronic anemia, reduced oxygen tissue delivery, co-existent liver disease, and iron overload can contribute to a high output state leading to left ventricular dilatation and eccentric hypertrophy; thus, high output HF [26]. Iron starts to accumulate from early childhood in TDT patients leading to progressive HF, which manifests through the development of signs and symptoms of right-sided HF [27]. Iron accumulation in the heart can have either a homogenous, or a heterogenous pattern [28]. A study by Borgna-Pignatti et al. revealed a higher risk of HF development in cases of homogenous patterns of myocardial iron distribution [MIO] in β-thalassemia patients. This was mainly due to cardiomyocyte iron overload which eventually led to myocardial fibrosis and necrosis [28,29]. In contrast to the general population where left-sided HF is more frequent, TDT patients tend to develop right-sided HF much earlier [21]. Another factor that seems to impact the pathogenesis of cardiomyopathy in β-thalassemia is myocarditis [14,30]. β-thalassemia patients are more susceptible to developing infections because of a possible deficiency in their immune system [14,31]. In the case of myocytes, iron overload might enhance their vulnerability to developing infections [14].



In the general population, acute myocarditis was shown to be associated with an increased prevalence of dilated cardiomyopathy and a significant deterioration of ejection fraction [14]. Acute myocarditis in TDT patients caused chronic left sided HF in 27.6% of cases in an approximate period of 3.5 years [27]. Pericarditis was also reported early by Engle et al. when it coincided with fatal arrhythmias and HF in TDT patients [27]. To some degree, both pericarditis and myocarditis can usually coexist [27]. Myocardial infarction (MI) on the other hand is an uncommon cause of death in β-thalassemia patients with the first case being reported in 2004 [32]. It has been shown that patients with β-thalassemia have low total cholesterol and low LDL levels that protect them against MI [33,34]. The incidence of MI in TDT is higher than that in NTDT with a prevalence of 2.11% TDT compared to 0.71% in NTDT [35]. Multiple studies were conducted to determine the sensitivity of different serum markers for MI in β-thalassemia patients [36]. Like in the general population, Troponin T serves as a good biological marker for the early diagnosis of MI in β-thalassemia patients [36].




2.2. Pulmonary Hypertension


Pulmonary hypertension is prevalent in both TDT and NTDT patients and is a leading cause of right sided HF [11,14,37]. Pulmonary Hypertension is defined by a mean pulmonary arterial pressure higher than 20 mmHg at rest. The clinical presentation and symptomatology of this entity is mainly linked to right ventricle dysfunction and typically occurs with exercise in the early phases of the disease. The main symptom is dyspnoea upon exertion. Other common symptoms include fatigue, bendopnea, haemoptysis, fluid overload, syncope and rapid exhaustion [38]. The prevalence of PH in β-thalassemia patients was found to be between 10–78.8%, with a five-fold higher occurrence in NTDT patients compared to TDT [11,39,40]. This disease has a progressive onset and a poor prognosis with a 30% survival rate over a five-year period if left untreated [41]. In β-thalassemia patients, PH is characterized by precapillary PH and the absence of left-sided heart disease and lung disease [11,37]. Nonetheless, hypercoagulability along with other factors are thought to influence the development of PHT in patients with β-thalassemia [37]. Moreover, the most common type of PH occurs as a result of a pulmonary vascular disease, known as Chronic Thromboembolic Pulmonary Hypertension (CETPH), and is more commonly found in those patients who are splenectomized [42].



Splenectomy per se is a risk factor for developing PH by triggering platelet activation and abnormal erythrocyte aggregation, thus promoting pulmonary micro-thrombosis and red cell adhesion to the vascular endothelium [41,43]. Observational studies have determined a four–five-fold higher risk of developing PH in splenectomized NTDT patients [36]. NTDT who are splenectomized are at higher chances of developing PH due to several risk factors that include Splenectomy, naivety to iron chelation, naivety to hydroxyurea treatment, naivety to blood transfusions and history of previous thromboembolic events [44]. Other risk factors of PH include chronic hemolysis, female gender, HCV infection, iron overload (serum ferritin > 800), liver iron concentration > 5 mg Fe/g dry weight older age, platelet count ≥ 500 × 106/L, hypoxia, and anemia [Hemoglobin level < 9 g/dL] [2,11]. Therefore, accurately diagnosing the cause of PH enables accurate management and prognosis of this disease [41].




2.3. Arrhythmias


Studies conducted using animal models have demonstrated the effect of iron toxicity in inducing electrical conduction disturbances that lead to arrhythmias [15]. One of the specific indicators for iron cardiotoxicity are ventricular arrhythmias, couplets, and non-sustained ventricular tachycardia. Supraventricular ectopic beats might be present early on in cardiomyopathy, contrary to malignant arrhythmias, which are usually present in advanced stages of the disease [1]. The most frequently reported arrhythmias in TDT patients include atrial flutter and atrial re-entrant tachycardia [45]. In patients with severe iron overload, other types of arrhythmias can manifest such as ectopic atrial tachycardia and chaotic atrial rhythm [1]. A prospective study showed that 14% of patients with severe iron overload developed arrhythmias within one year of this scan [7]. It was also shown that even though NTDT patients had larger cardiac chamber volumes, the incidence of arrhythmia in these patients compared to those with TDT was much less. This is attributed to a lower level of cardiac iron overload in NTDT compared to TDT patients, emphasizing the importance of iron toxicity in such situations [7,46].



Atrial fibrillation is a common form of arrhythmia in β-thalassemia patients with a prevalence ranging from 2–33%, which is greater than the general population. Atrial fibrillation begins at a younger age in β-thalassemia with an increase in prevalence of 40% in the patients above 40 [47]. Age was found to be one of the main risk factors for AF in β-thalassemia alongside diabetes, atrial and ventricular dysfunctions and an increased level of natriuretic peptides [NT-proBNP and proANP] [47]. The clinical presentation of AF is mostly paroxysmal with symptoms, while a persistent pattern is less frequently observed in this population [47]. To be considered a symptomatic patient with atrial fibrillation, one or more of these following symptoms should be present: Dizziness, palpitations, chest pain, syncope, dyspnea and fatigue [48].



According to the concept of Coumel’s triangle, the three elements needed to produce a clinical arrhythmia are: Arrhythmogenic factors, trigger factors and autonomic nervous system dysfunction [7]. The ideal environment for developing AF would be a combination of iron deposition in myocytes and atrial dilatation [49]. Factors triggering AF could be ventricular asystole, infrequent premature atrial or ventricular contractions, and first degree atrio-ventricular blocks, which are all present in β-thalassemia patients. The third factor would be the nervous system, monitored through the HRV, which is an important parameter reflecting its function and balance. HRV is usually lower in β-thalassemia patients, especially in TDT patients, compared to normal subjects. It is used as an early sign of cardiac dysfunction, and for detecting arrhythmias, especially AF [7,47]. Even though the main etiology was found to be from iron overload, AF can still develop in β-thalassemia patients without iron deposition and in the presence of normal iron levels [11,47]. This could be attributed to previous resolved iron deposition episodes that resulted in fibrosis [11]. Atrial fibrillation can be reversed by chelation if the cause is iron overload and if heart remodeling did not occur [15]. A greater mortality rate occurs if AF occurs simultaneously with HF. AF increases mortality and morbidity by raising the risk of thromboembolic events and strokes [15]. The early detection of AF in TDT patients is extremely important in optimizing medical therapy and assessing the need to start anticoagulation therapy for stroke prevention [1].




2.4. Premature Vascular Aging and Peripheral Artery Disease


Other pathologies found in β-thalassemia patients are vascular complications and parenchymal damage of the myocardium. Iron overload, hemolysis-induced reduction in NO bioavailability, and an increase in lipid peroxidation products were found to play a role in endothelial dysfunction and arterial stiffness in β-thalassemia patients [14,33,50]. Other factors that could influence the damage of vessels include inflammatory factors associated with the immune system. These factors are altered in β-thalassemia patients due to transfusions, infectious agents, cytokine levels of stored allogeneic blood, and stromal cells of hyperplastic bone marrow [51].



High arterial stiffness was observed in both peripheral and central elastic arteries in β-thalassemia patients. Postmortem examinations have demonstrated increased fibrosis and glycosaminoglycan histologically in the aorta, iliac and pulmonary arteries. Radiological studies have also exhibited posterior tibial artery calcifications [52]. A study done by Nassef et al. compared the central and peripheral atherosclerosis in patients with β-thalassemia intermedia (β-TI). Results concluded that central vascular ischemia is more frequent than peripheral ischemia in β-TI patients. In this study, no significant correlation between Intima-media Thickness (IMT), a marker for subclinical atherosclerosis, and ferritin or cholesterol level was found in such patients [53].



The effect of iron chelation therapy on premature vascular aging and peripheral artery disease was also assessed. Despite the use of iron chelation, patients with TDT still suffered from high iron levels which led to alterations in arterial structures, damage of elastic tissue, and calcification deposits in the vascular structures. Many studies have confirmed the early changes of atherosclerosis in both TDT and NTDT patients [53]. On the one hand, the mechanism of atherosclerosis in NTDT is not fully clear in the absence of a correlation between IMT and ferritin/cholesterol. On the other hand, a study in TDT patients showed a positive correlation between carotid atherosclerosis and serum ferritin levels [54].




2.5. Sudden Cardiac Death


The high incidence of sudden cardiac death (SCD) in TDT patients can be attributed to the discrepancy between the symptoms and the severity of arrhythmias, which leads to delayed diagnosis. Before the start of iron chelation therapy, it was common for bradyarrhythmia and complete heart block to cause SCD. Nowadays, SCD is rare but might still occur in cases of severe cardiomyopathy from iron overload [1,55]. Patients with TDT are at an increased risk for SCD [56]. According to a study by Russo et al., SCD occurred in TDT patients with longer QTd and JTd compared to patients with normal electrocardiogram (ECG). In particular, patients with a QTD > 70 ms and JTd > 100 ms were found to have an increased possibility of asystole [1]. This increase in QTd might be a precursor to developing ventricular arrhythmias and sudden cardiac death in patients with comorbidities, such as diabetes mellitus, chronic HF, left ventricular hypertrophy, obesity, and patients above 55 years [25]. Other studies have shown that males are more prone to have SCD than females, which supports the hypothesis of a worse life expectancy in male patients with β-thalassemia [21].





3. Diagnosis of Cardiovascular Complications in β-Thalassemia


Since cardiac abnormalities can remain asymptomatic for a while, β-thalassemia patients should undergo routine clinical checkups and assessments to evaluate their overall functional capacity (Figure 2) [2,57]. An ECG at rest is obligatory for monitoring along with an elective 24 h Holter or exercise test in specific cases [2,52]. Imaging techniques that are noninvasive are the best tools for early detection of iron accumulation in the heart in all β-thalassemia patients who received multiple transfusions [58]. Transthoracic echocardiography is a noninvasive tool along with the ECG to evaluate arrhythmias in β-thalassemia patients [59]. The parameters that should be obtained for early diagnosis measure the dimensions, function, blood flow, and morphology of the heart [52]. The analysis of the ECG must include the P wave and the QT interval measurements [1]. For the echocardiography, the atrial electromechanical delay should be taken into consideration [54]. If these parameters are monitored continuously, minor changes become apparent, indicating the need for further investigations with CMR [52]. For optimal early detection of cardiac complications, it is recommended to repeat the ECG every three–four months, echocardiography once or twice per year, and a 24 h Holter ECG and cardiovascular magnetic resonance (CMR) T2 annually [2].



To assess the structure of the heart and myocardial iron deposition (MIC), cardiac magnetic resonance imaging (MRI) is performed by applying the T2 technique [60]. A typical Myocardial T2* value of <20 ms indicates the presence of an abnormal amount of myocardial iron, which can increase the possibility of ventricular impairment [10]. Several studies showed evidence supporting the use of T2* MRI to monitor cardiac iron overload in patients who received multiple blood transfusions. This helps in identifying all the patients who are at higher risk of cardiac mortality and who can be managed by optimization of iron chelation [61]. The fibrosis caused by previous iron deposition in the myocardium is measured with late gadolinium enhancement which was found to be safe in patients with hemoglobinopathies.



The gold standard for identifying PH is the right heart catheterization which is an invasive procedure and is recommended only for selected patients [2]. All patients must be screened routinely, especially those with NTDT, utilizing echocardiography (Table 1) and pro-BNP measurements [2]. Perfusion-ventilatory pulmonary scintigraphy or CT scan angiography should be considered for the diagnosis of CTEPH (2). The diagnosis is mainly dependent on the tricuspid valve regurgitation jet velocity (TRV) of more than 2.5–2.8 ms/s, which is linked to a pulmonary arterial systolic pressure of 30–35 mmHg on echocardiography [39]. If the patient is symptomatic with a value > 2.5 m/s, consulting a cardiologist and managing according to guidelines are recommended [11]. However, most data available based their diagnosis mainly on echocardiographic results without a confirmation from cardiac catheterization, resulting in an increased level of false positive cases in such patients [39].




4. Prevention and Management


The unique characteristics of every β-thalassemia patient make standard treatments inapplicable in all cases (Table 2) [47]. The general strategy that can be implemented is maintaining a pre-transfusion hemoglobin value of 10 g/dL and administering an effective iron chelation therapy regimen and keep a CMR T2* value > 20 ms [52]. As mentioned earlier, iron overload has a significant cardiotoxic effect. Therefore, iron chelation therapy should be initiated before iron accumulates in the heart. There are three widely known and used iron chelators: deferoxamine (DFO), deferiprone (DFP), and deferasirox (DFX). Better cardiac functions were seen in patients taking DFP in comparison to those who took DFX or DFO. DFP proved to be a better iron chelator in cases of iron-related cardiac disease since it infiltrates the cell membranes faster than DFO [15]. However, DFX was given as a monotherapy for three years and resulted in a significant reduction in cardiac iron when compared to baseline levels, confirming its efficacy in such cases [62]. However, in case of severe persistent iron overload with monotherapy, initiation of combination therapy may be introduced for better results [63]. Combination therapies that were found to be effective in reducing cardiac iron overload are DFO with DFP and DFX with DFP [64]. A recent study by Gupta et al. demonstrated the beneficial and safe use of Amlodipine, which is an L- calcium channel blocker, in combination with iron chelation therapies in improving cardiac iron overload in children and young adults with TDT [63]. Iron crosses cardiomyocytes through high-capacity L-type calcium channels, which explains the use of a calcium channel blocker as a treatment modality to prevent iron overload [65,66].



Different clinical studies have shown a resolution of arrhythmia after the initiation of an intensive iron chelation regimen, even after discontinuation of antiarrhythmic events [15].



There has also been an increased interest in using antioxidants or naturally occurring products in β-thalassemia for the prevention of arrhythmias and AF [15]. Many previous studies have demonstrated the effect of several antioxidants such as curcumin, silymarin, and green tea on TDT patients. As there exists no solid evidence on the effectiveness of these antioxidants in preventing arrhythmias and AF, these compounds should therefore be used with caution. When antioxidants are used in a combination with iron chelators, their effect is synergetic, and they showed benefits in decreasing iron levels in both the plasma and the heart [15]. Besides the therapies mentioned above, AF should be treated similarly to other settings, using rhythm or rate control strategies, depending on the condition of the patient. For the rhythm control, amiodarone has been used in inpatient and emergency settings because of its broad mode of action and minimal cardiac function effect [11]. It should be used with caution however in β-thalassemia patients as it can have adverse effects on the liver and thyroid of such patients [11]. The rate control can be managed with β-blockers or calcium antagonists in the presence of normal ejection fraction [EF] [7,11]. In case of diminished EF or low T2* value, digoxin can be adapted [7]. Ablation therapy can be used when rhythm control fails, and AF recurs [2]. Since AF is linked with an increased risk of stroke in β-thalassemia patients, especially in those splenectomized, a careful anticoagulation assessment and therapy are recommended [67].



The approach to anticoagulation therapy in β-thalassemia patients with AF is controversial [2]. In the general population, the assessment of AF patients is usually done depending on the CHADs-VASC score, which is a point-based system that stratifies the risk of stroke in patients with AF and determines patients requiring anticoagulation therapy [68]. It includes risk factors related to ischemic stroke, namely patient history, age, gender and concomitant disease [68]. In the case of β-thalassemia patients, it is related to other risk factors, making such approach an individualized one [2]. Due to the increased risk of thrombosis in β-thalassemia patients, anticoagulation is considered at early stages for all patients with AF and arrhythmia, except for those who experience mild and infrequent symptoms of AF [7,47]. The most commonly used drug for anticoagulation in such cases is warfarin which is considered as a standardized treatment for thromboembolic prophylaxis [47]. Being a vitamin K antagonist, warfarin necessitates frequent phlebotomies and laboratory tests for better monitoring [67]. However, when compared to vitamin K inhibitors, direct oral anticoagulants (DOACs) are more manageable and have a better safety profile. Only small studies have demonstrated the efficacy of DOACs on β-thalassemia patients, and further data will be needed to support this claim [47].



Treatment of HF involves the mandatory intensification of an appropriate iron chelation regiment. Iron overload in this case is partially or completely reversible and the overall heart functions might considerably improve with the removal of iron, provided that the patients are compliant with their therapy [2,52]. The clearance of cardiac iron might sometimes take up to three years or more in cases of extreme cardiac iron deposition [52]. Even mild diminution of ventricular functions detected through monitoring requires a prominent increase in the dose of iron chelation therapy, even in cases of asymptomatic patients [52]. Initiation of angiotensin-converting enzyme inhibitors with the possible addition of Angiotensin II receptor blockers should be considered early when the ejection fraction approaches 50% [69]. In cases of symptomatic HF, patients should be admitted and given a gentle treatment of preload fluid reduction with diuretics to avoid acute renal failure [52,69]. Treatment with bolus diuretics might be difficult in cases of low blood pressure values observed in thalassemia patients, thus furosemide drips and constant monitoring is required [2,52,69]. A continuous dose of DFO at a rate of 50 mg/kg/day should be also administered in the presence of acceptable urine output and followed by an oral dose of DFP at a dose of 75 mg/kg/day [52]. Considering that right ventricular involvement and asynchronous left ventricular contraction are frequent in end stage HF of such patients, resynchronization of contractility with a pacing is needed to reduce the symptoms of refractory systolic HF [69]. In cases of severe HF, heart transplantation should be considered since previous results proved its feasibility in such cases [52,70]. The management of PH in the case of thromboembolism etiology generally includes starting anticoagulants with Vitamin K antagonists [2]. If thromboembolism is not the cause, the therapy of PH can include sildenafil, bosentan, epoprostenol, or individualized transfusion therapy [2]. In more severe cases of β-thalassemia, chronically transfusing blood with iron chelation therapy was thought to prevent PH [43]. Patients treated intensively from infancy with transfusion and chelation did not show any sign of PH on echocardiography later in life [43]. The higher percentage of PH in NTDT compared to TDT is attributed to the protective role blood transfusion presents in this setting [37]. Even NTDT patients who were transfused blood had a lower incidence of PH compared to non-transfused patients. This is due to the improvement of anemia, hemolysis, and the hypercoagulable state [37]. A role of hydroxyurea has also been suggested in the therapy of PH in β-thalassemia, and it has a similar protective effect as transfusions [11,37].



A study conducted by Cheung et al., concluded that the arterial system in β-thalassemia patients is affected through endothelial dysfunction and an increase in stiffness, which may be leading to a reduced mechanical ability of the heart [33]. Potential treatments for β-thalassemia vasculopathies are thought to potentially target hemolysis related complications, such as erythrocyte decompartmentalization of hemoglobin and arginase. Further investigations are needed for better understanding the underlying molecular processes of the pathogenesis [7]. Lastly, since β-thalassemia patients are at an increased risk of sudden cardiac death, symptom abnormalities and ECG changes need to be thoroughly monitored and taken into consideration. Patients, particularly at risk of SCD, might be eligible for a “blind” Holter ECG for thorough monitoring [2]. As stated earlier, there is an association between pancreatic iron and cardiovascular complications [71]. Therefore, if a β-thalassemia patient was found to have pancreatic iron overload, intensification of iron chelation therapy would be recommended to prevent future effects on glucose metabolism and cardiac iron accumulation [71]. Previous studies have discussed the improvement of glucose metabolism and hence future cardiac outcomes with a combination of DFP with DFO as iron chelators [71].




5. Conclusions


In conclusion, there have been significant advancements and breakthroughs in the diagnosis and management of β-thalassemia in the past few decades in addition to a better understanding of the disease itself. This in turn has led to an increase in the life expectancy of patients. Cardiac complications, however, still remain among the primary causes of mortality and morbidity in β-thalassemia patients. Early detection through regular follow-up visits for cardiovascular monitoring in the context of multidisciplinary care with a close collaboration between the hematologist and cardiologist is a key prevention strategy. In addition, adherence and compliance to chelation therapy can prevent and improve cardiac functions and cardiac complications and reduce overall morbidity and mortality rates. Despite the constant revelations addressing this topic, many unanswered questions remain in the management and treatment of cardiac disease in β-thalassemia.
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Figure 1. Major causes and complications of cardiac diseases in β-thalassemia. 
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Figure 2. Summary of the different diagnostic techniques for cardiovascular complications. 
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Table 1. Transthoracic Echocardiographic Findings in Pulmonary Hypertension.
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	Right Ventricular Enlargement and Dilation with basal RV/LV ratio > 1.0



	interventricular septum Flattening



	IVC distention and decreased collapsibility



	RVOT acceleration time of pulmonary ejection < 105 ms mid-systolic notch



	RV fractional area change < 35%



	TAPSE < 18 mm



	Peak systolic velocity of tricuspid annulus < 9.5 cm/s



	Right atrial area >18 cm2



	Systolic peak tricuspid regurgitation velocity > 2.8 m/s



	Pericardial effusion







RV: Right Ventricle LV: Left Ventricle. IVC: Inferior Vena Cava. RVOT: Right ventricular outflow tract. TAPSE: Tricuspid annular plane systolic excursion.
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Table 2. Summary of different cardiovascular complications and management techniques in β- thalassemia.
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	Type of Complication
	Causes and Risk Factors
	Prevention and Management





	Cardiomyopathy
	
	
Iron overload



	
Chronic anemia



	
Reduced oxygen tissue delivery



	
Co-existent liver disease



	
Myocarditis



	
Pericarditis





	
	
Iron chelation therapy.



	
Angiotensin II receptor blockers.



	
Diuretics: Spironolactone antagonists and digitalis glycosides.



	
Pacemaker



	
Heart transplant








	Pulmonary Hypertension
	
	
Hypercoagulability



	
Chronic hemolysis



	
Iron overload



	
Older age



	
Splenectomy



	
Hypoxia



	
Anemia



	
Female > Male



	
Hepatitis C





	
	
If thromboembolism etiology, start anticoagulation



	
Blood transfusion



	
Iron Chelation



	
Sildenafil



	
Bosetan



	
Epoprostenol



	
Hydroxyurea








	Arrhythmias
	
	
Iron overload



	
Atrial Dilatation



	
Anemia



	
Hemolysis



	
Inflammation



	
Fibrosis and remodeling





	
	
Iron Chelation therapy



	
Antioxidants



	
Rate and Rhythm control therapy



	
Ablation (If needed)



	
Anticoagulation therapy







(Warfarin or DOACS)



	Vasculopathies
	
	
Hemolysis



	
Iron overload



	
High serum ferritin level





	
	
Target hemolysis



	
Erythrocyte decompartmentalization



	
Arginase



	
Iron chelation








	Sudden Cardiac Death
	
	
Delayed cardiac disease diagnosis



	
Iron overload



	
Long QTd and JTd on ECG



	
Male > Female





	
	
Careful ECG monitoring



	
24-h Holter in high-risk patients.
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