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Abstract

Marked improvement in the accuracy and sensitivity of current diagnostic techniques for cardiac diseases have contributed to the identification of haematologic and
oncologic diseases as a possible aetiology of cardiomyopathy (CM). If undiagnosed, the CM may progress to HF and eventually death. This type of CM is exceedingly
rare and a precise understanding of its natural cause, pathophysiology, diagnosis and management is undermined by the lack of supporting clinical evidence. Cancer
as a direct cause of CM remains controversial. Differentiating cancer-associated CM from chemotherapy-induced CM is difficult since diagnosis of CM is nearly
always made after the initiation chemotherapy. Hematologic diseases on the other hand have been classified under restrictive cardiomyopathy (RCM) or dilated
cardiomyopathy (DCM) yet they are a distinct clinical entity uniquely characterized by cardiac chamber (atrial and/or ventricular) dilation, diastolic dysfunction
and preserved systolic function. Oncologic or haematologic CM has an ominous prognosis although diagnosis is incidental or delayed making management difficult.
There is a need to better understand the role of oncologic and/or haematologic diseases in the pathogenesis of CM aimed to improve diagnosis and development of
aetiology-specific therapy. Similarly, this review provides an overview of CM in oncology and haematology patients including pathophysiology, presentation, diagnosis

and treatment.

Introduction

Heart diseases and cancer are responsible for almost half of the
deaths in developed countries [1]. The intersection between cancer and
heart diseases has been primarily about advances made in anti-cancer
therapy that has not only increased survival but has also increased
both the risk and burden of cardiovascular (CV) complications. The
increased risk has undermined the efficacy of the current validated long-
term oncology (anti-cancer) therapy [2]. Hematologic malignancies are
among the major forms of cancer that have increased the risk of cardiac
diseases. As early as the late 1970s, several studies implicated long-
standing oncology therapy to the development of cardiomyopathies
(CMs) in cancer survivors [3,4]. Recently, both the European Society
of Cardiology (ESC) and the American Heart Association (AHA)
scientific statements on the classification of CMs have also recognized
oncology treatment as one of the rare causes of therapy-related CMs in
clinical settings [5-8].

Studies on haematology and oncology patients report also suggest
CMs in cancer survivors may be the direct consequence of the cancer
itself. A systematic evaluation of older adults with cancer found
they have an increased risk of thromboembolic events (heart attack)
months prior to cancer diagnosis [9]. In a more specific evidence,
an echocardiographic study among patients with acute leukaemia
(AL) and lymphoma reported nearly half had clinical evidence of left
ventricular (LV) dysfunction prior to the initiation of chemotherapy
later diagnosed as non-infiltrative CM unrelated to chemotherapy.
Another speckle tracking echocardiographic (STE) study on AL
patients reported a significant decrease in LV global longitudinal strain
(GLS) compared to age-matched breast cancer and non-cancer controls
suggesting AL itself may be involved in the pathological changes in the
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myocardium [11]. The ESC 2007 position statement on classification of
CMs lists carcinoid heart disease and metastatic cancers as one of the
causes of an acquired form of restrictive cardiomyopathy (RCM) [8].

Despite accumulating evidence of hematologic and oncologic
involvement in CM, they remain an under-appreciated aetiology of CM
both in academia and in clinical practice possibly due to the difficulty
in differentiating CMs due to cancer itself and due to aggressive
chemotherapy. In most cases, diagnosis of CM in cancer survivors
is during or after aggressive chemotherapy, which obscures the
involvement of cancer itself in the pathogenesis of CMs. Nevertheless,
increased recognition of cancer-related CM is clinically relevant
because the disease has an unfavourable prognosis and the disease does
not appear to be reversible like that due to chemotherapy but patients
surviving longer than nine months may show some improvement in
LV function [10]. Increased recognition may also help to improve
diagnosis and management of CM in cancer patients. Cardio-oncology
clinicians need to appreciate CMs in cancer patients are not only due
to chemotherapy but also may be due to the cancer itself. They need to
identify patients at risk of cancer-related CMs and give them priority
to lessen CV risks including their deleterious effect on the heart.
Similarly, the present paper provides a focused overview of CMs in
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the setting of hematologic and oncologic disorders with an emphasis
on its epidemiology, pathological features, diagnosis and clinical
management.

Haematologic cardiomyopathy

Haematology is the sub-speciality of internal medicine concerned
with the study of the cause, prognosis, treatment and prevention of
diseases related to blood. Thus, haematologic disorders are pathological
conditions primarily affecting the blood and blood-producing organs,
which include but not limited to various types of anaemia, blood
cancers and haemorrhagic conditions [12,13]. Blood is a vital medium
consisting of plasma, blood cells and platelets. Platelets are responsible
for clotting, white blood cells (WBC) for inflammation and red blood
cells (RBC) for carrying oxygen and nutrients to all tissues of the
body and waste products from the organs. Any abnormality of these
blood components may result in haematologic disorders. Whereas
disorders involving platelets and coagulation resulting in thrombosis
and/or excessive haemorrhaging remain the primary concern for
most cardiologists, disorders involving RBCs and platelets can also
affect blood flow and viscosity to vital organs including the heart with
attendant deleterious effect [12,14]. Common haematologic disorders
implicated as a cause of dilated cardiomyopathy (DCM) include
oncological disorders such as leukaemia and multiple myeloma, and
non-oncological disorders such as sickle-cell anaemia, anaemia, and
Henoch-Schonlein Purpura.

Leukaemia: Types and prevalence of leukaemia by definition,
leukaemia is “a progressive malignant disease of the blood-forming
organs characterized by distorted proliferation and development
of leukocyte and their precursors in the blood and bone marrow”
[15]. Leukaemia can be categorised based on disease onset (acute or
chronic) or on the type of leukocyte affected (lymphoblast, myeloblasts,
lymphocytes or myelocytes) [16,17]. The acute type results from the
proliferation of immature WBCs or blasts whereas the chronic types
results from the proliferation of mature cells [16]. Table 1 provides the
basic classification criteria of leukaemia.

The most prevalent acute types are acute lymphoblastic leukaemia
(ALL) and acute myeloid leukaemia (AML) [17]. In the U.K,, there are
about 8,000 new diagnoses of leukaemia each year, and in 2010, the
reported leukaemia-associated deaths stood at 4,504 [16]. ALL has an
overall incidence of 1 to 1.5 per 100,000 persons and is particularly
common in children aged between 4 and 5 years with an incidence of
4 to 5 per 100,000 persons, and in adults aged 50 years, the incidence
is 2 per 100,000 persons. ALL accounts for 80% of acute leukaemia in
children and 20% in adults [18]. AML is the most common type of
leukaemia in the U.S., with the number of cases ranging from 3.8 to 17.9
per 100,000 persons with a male to female ratio of 3:2 [19]. The cause of
ALL is largely idiopathic but there are suggestions of a possible genetic

Table 1. Classification of leukaemia

Onset/Progression Clinical Name Leukocyte Affected
Acqte lelllkaemig (due to Acute lymPh({blaSﬁC Lymphoblasts
proliferation of immature leukaemia

blast cells) Acute myeloid leukaemia Myeloblasts
Chronic lymphocytic Lymphocytes

leukaemia

Myelocytes (neutrophils,

Chronic leukaemia (due to cosinophils, basophils)

proliferation of mature cells) oL ar Tvmphocvii
arge granular lymphocytic
leukaemia, hairy cell
leukaemia

Chronic myeloid leukaemia

*Less common chronic leukaemia
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predisposition and certain viral infections (human T-cell lymphotropic
virus type 1, Epstein-Barr virus, and Human Immunodeficiency
Virus) [18]. On the other hand, AML is associated with the exposure
to ionising radiation, benzene (from chronic exposure to cigarette
smoking) and cytotoxic chemotherapy [17].

Evidence of leukaemic CM: The direct effect of leukaemia on the
cardiac structure and function has not been well described, and at most,
remains an academic interest. At present, chemotherapy-induced CM
has attracted the attention of oncology although recognizing a direct
involvement of leukaemia in the pathogenesis of CM may improve
cardio-oncological management of these patients beyond the current
management strategies targeting dose-adjustment or alternative
chemotherapeutic drugs with lower cardiotoxic effects. Despite the lack
of evidence of leukaemia-associated CM, there are increasing reports of
CM and HF in patients diagnosed with leukaemia prior to the initiation
of chemotherapy. Two clinical and echocardiographic studies [10,11]
and one population-based matched cohort study [20], as well as a
handful of case reports [21-23] have suggested a direct involvement of
leukaemia itself in myocardial dysfunction not related to the cytotoxic
effect of chemotherapeutic drugs.

The first clinical and echocardiographic study performed by Mir
[10] in 1978 described association between AL or lymphoma and non-
infiltrative CM. The basis of the study was previous observations of HF
in young leukaemic patients who had not received cytotoxic drugs and
had no history of heart disease. The study enrolled 38 patients with
AL and lymphoma, and 17 healthy controls. Nearly half of the patients
(47%) had echocardiographic evidence of LV dysfunction before
chemotherapy demonstrated by significantly increased (p < 0.05) LV
systolic dimensions and decreased fractional shortening. Twelve (12)
patients developed HF, seven of them prior to daunorubicin therapy
while five after 3 to 24 weeks of therapy. Necropsy performed in four
patients found leukaemic infiltration of the myocardium. In the first
six months, sequential echocardiograms revealed deteriorating LV
function but which steadily improved in patients living longer than nine
months. The study concluded that 47% of AL and lymphoma patients
had non-infiltrative CM not related to exposure to chemotherapeutic
drugs and a significant proportion of these patients went on to develop
HE This leukaemic CM appears irreversible but patients living longer
than nine months may show improvement in LV function.

The second and more recent echocardiographic study by Assuncao
et al. (2017) [11] evaluated whether AL is associated with LV
dysfunction prior to chemotherapy. The basis of the study were reports
that AL patients developed higher rates of HF than patients with other
cancer types, suggesting it may be a consequence of high cytokine
release or direct leukaemic cell infiltration of the heart. The study
enrolled 76 AL patients and 76 non-cancer patients with no known CM
or valvular heart disease matched for age, gender, hypertension and the
presence of diabetes. Twenty-eight (28) patients from each group were
subsequently matched with breast cancer patients (non-haematological
malignancy). Prior to chemotherapy, LV function was preserved in
both AL and controls with no significant differences (63+5% vs. 62+6%;
p=0.34). However, patients with AL had significantly higher LV mass
and significantly lower GLS (-19£3% vs -21+2%, p<0.001) compared
to controls. AL patients also had significantly lower GLS than breast
cancer patients (-19.4 +3.0% vs -21.2 +2.2%; p=0.023). There was no
difference in GLS between breast cancer and non-cancer patients. Risk
factors for impaired GLS in AL patients were body mass index, LVEF
and absolute lymphocyte count. The findings suggest a direct effect of
leukaemia may result in myocardial dysfunction and subsequently CM.
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The third population-based study by Chellapandian et al. [20] in
2019 aimed to describe the incidence and risk factors of HF in 2,053
children (<18 years) diagnosed with ALL and AML. At ten years, the
cumulative incidence of HF was higher in AML (7.5%) than in AML
(1.7%). Risk factors for the development of HF in ALL children were
female gender, age at diagnosis < 1 year, irradiation and cumulative
anthracycline dose 2250 mg/m?. In AML children, irradiation was the
only risk factor. Of 23 patients with HF during active therapy, only one
developed HF after treatment completion. The study suggests that in
AL patients, risk factors other than irradiation (chemotherapy) may
result in cardiac dysfunction and HE. However, additional clinical trials
examining children with ALL is warranted to clarify the pathogenic
role of cancer itself in the development of CM in paediatric patients.

Case reports have also suggested the involvement of leukaemia
itself in the development of myocardial dysfunction [21-23]. The
first case report is that of myelodysplastic syndrome with extensive
myocardial infiltration by haemopoietic precursors associated
with myocardial necrosis in the LV and interventricular septum
[21]. Cardiac dysfunction was the result of RCM due to leukaemic
infiltration, concomitant anaemia, cardiac dilatation and conduction
blocks and myocardial necrosis. Marked rapid reduction in LVEF
(66% to 33%) suggests the role of ischemia since leukaemic infiltration
is not expected to cause this degree of systolic dysfunction over a 24-
hour period. Differential diagnosis did not consider haemopoietic cell
infiltration, which may have potentially contributed to death [21].
Madhavan et al. [22] reported a case of a 53-year old male diagnosed
with plasma cell leukaemia who developed RCM due to plasma cell
infiltration in the myocardium. After a high dose of chemotherapy,
the patient became asymptomatic and echocardiographic evidence of
significant improvement and almost normal physiology supporting the
diagnosis that plasma cell infiltration caused RCM [22]. Van Haelst et
al. [22] reported two cases of AML as a cause of ischemic heart disease.

Despite some evidence suggesting leukaemic CM, it is a rare clinical
entity such that its pathogenesis, diagnosis and management remain
unknown. However, three case reports [21-23] have highlighted three
possible pathogenic mechanisms contributing to cardiac dysfunction in
leukaemic patients. (i) The presence of leukaemic thrombi or leucostasis
in major arteries; (ii) leukaemic infiltration into the myocardium or
pericardium,; (iii) disorders of coagulation secondary to leukaemia
causing emboli due to a hypercoaguable state or haemorrhage; and (iv)
anti-leukaemic therapies [21-23]. These case reports also suggest the
importance of including differential diagnosis of leukaemic myocardial
infiltration (CM) in patients diagnosed with AML, myelodysplasia who
exhibit signs and symptoms of cardiac dysfunction.

Multiple myeloma: Overview and prevalence multiple myeloma
(MM) is a plasma cell malignant abnormality characterized by
uncontrolled clonal plasma cell proliferation in the bone marrow,
production of monoclonal protein in the blood and/or urine and
associated organ dysfunction [24,25]. It is the second most prevalent
haematological malignant abnormality with an annual age-adjusted
incidence of 6.3 per 100,000 persons in the U.S. [24] and accounts for
approximately 10% of all haematological cancers [26-28]. Anaemia is
a common complication observed in about two-thirds of MM patients
[29]. A triad of chronic kidney disease, HF and anaemia has been
described in clinical practice [29,30]. The risk of CV and thrombotic
events is an import consideration during treatment of MM patients
because CV risk factors and CVD are prevalent in the MM patient
population, and CV and thrombotic complications are associated with
MM itself. MM typically affects older individuals with median age of
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diagnosis at about 70 years. In a retrospective analysis of 32,193 newly
diagnosed or relapsed cases of MM, about two thirds had CV disease
at baseline or during follow up - ischemic heart disease (IHD), HE,
CM, arrhythmias and conduction disorders [31]. In a related analysis of
3,107 newly diagnosed MM cases in the U.K. between 1980 and 2002,
myocardial infarction or cerebrovascular accident accounted for 8%
of deaths within 60 days of trial entry [32]. With improved survival
over the past decade due to the introduction of novel therapies such as
immunomodulatory drugs and proteasome inhibitors, there is the need
to recognize MM-associated CV to improve treatment efficacy as well
as survival in MM patients [25].

Pathophysiology: Physiologically, MM manifests with restrictive
cardiac dysfunction, conduction abnormalities and infiltrative CM.
The exact pathophysiology of MM-associated CM remains unclear, but
the association of MM with CV complications may provide valuable
insights. In MM patients, rapidly proliferating malignant B-cells secrete
large quantities of immunoglobulins or immunoglobulin fragments
into the bloodstream, which may accumulate in end organs including
the heart, liver and kidneys [33]. The accumulation of amyloid light
chain immunoglobulin is believed to lead to clinical amyloidosis in
about 12% to 15% of MM patients during the natural course of the
disease and up to 30% of those with MM have subclinical amyloid
deposits [33]. Myocardial involvement is estimated to be present in half
of the amyloid light chain amyloidosis cases, which may subsequently
result into restrictive physiology and CM [30,34]. These findings
support the observation made in several case reports of the relationship
between MM and amyloidosis in the development of CM [29,30]. MM
has also been associated with a specific set of clinical manifestations
often referred to as CRAB (elevated Calcium levels, Renal insufficiency,
Anaemia and Bone lesions), which may increase the risk of CV
comorbidities [35]. For instance, hypercalcaemia is associated with the
development of arrhythmias, renal insufficiency with the development
of uraemic CM, while anaemia may contribute to arrhythmias, CM,
and high-output HF [25,36].

Manifestation/Treatment: Clinical manifestation and diagnostic
features vary widely across case reports. Typical signs and symptoms
of MM-induced CM at presentation include a history (3-months) of
progressive exertional dyspnoea and orthopnoea, marked weight loss
and lower extremity oedema [28,30]. On clinical examination, MM
patients with CM may exhibit bilateral crackles on lung auscultation,
bilateral lower extremity oedema and jugular venous distention
[30]. Initial bone marrow biopsy may reveals 40-60% of plasma cell
infiltration with Congo-red stain positive for amyloid light chains [28].
Some patients may exhibit elevated serum level of BNP possibly due
to elevated ventricular filling pressure resulting from direct damage
to cardiomyocytes caused by the accumulation of large quantities of
immunoglobulin [33]. ECG is non-specific, often revealing a normal
sinus rhythm, no sign of LV hypertrophy and low voltage complexes
while chest x-ray may reveal cardiomegaly and pulmonary oedema
[30]. On echocardiogram, depressed or mildly depressed LVEF (35-
40%) with restrictive LV filling pattern and a sparkling appearance
of the myocardium is a common observation [28]. Cardiac MRI may
reveal bi-ventricular hypertrophy with diffuse sub-endocardial late
gadolinium enhancement (LGE) and thickening of the intra-atrial
septum, consistent with myocardial amyloidosis [28,30].

Due to the possible association of MM and amyloidosis in the
pathogenesis of CM, cardiac screening in all patients with MM should
include ECG and complete cardiac sonography. Conversely, in patients
with cardiac amyloidosis, diagnosis for MM should be sought because of
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its ominous prognosis. Despite the lack of a single non-invasive test that
can accurately diagnose MM and cardiac amyloidosis, a combination
of HF signs and symptoms, sonography findings and low-voltage
complexes on ECG are highly suggestive of CM secondary to MM.
There is no specific treatment for CM due to MM. However, current
strategies target the underlying disease and cardiac dysfunction. Case
series suggest treating MM itself and for patients who have developed
signs and symptoms of HE, the conventional HF mediations may be
prescribed according to the current HF guidelines. Clinical trials
specifically enrolling patients with CM secondary to MM should help
us to understand the pathogenesis and the natural cause of the disease,
which may in turn help to improve diagnosis and management.

Anaemia: Anaemia is one of the hematologic disorders of a non-
oncological origin that is capable of causing several CV diseases
including CM. Anaemia is a common condition in which the number of
RBCs (and consequently their oxygen-carrying capacity) is insufficient
to meet the body’s physiological needs. According to World Health
Organization (WHO), one third of the global population is anaemic
due to nutritional imbalance [37]. Anaemia has been classified based on
various RBCs defects: (i) aplastic - production defect; (ii) megalobastic
- maturation defect; (iii) iron deficiency - defects in haemoglobin
synthesis; (iv) thalassaemia - defects of haemoglobin maturation;
and (v) haemoglobinopathies, sickle cell anaemia and thalassaemia
due to synthesis of abnormal haemoglobin [38,39]. Anaemia (defined
as haemoglobin <13 g/dL in men and <12 g/dL in women or serum
ferritin level <12 ng/mL) is prevalent in HF patients, occurring in
approximately 30% of stable HF and 50% of hospitalized HF patients
compared to < 10% in the general population [40]. Anaemia is
frequently associated with chronic diseases and is an independent risk
factor for the development of CV complications. One (1) g/dL decrease
in haemoglobin level is an independent risk factor for cardiac morbidity
and mortality in anaemic patients [41,42].

Pathophysiology: The general relationship between anaemia and
HF is well-recognized, nearly always associated with high output
HF syndrome. In CM patients, the most common type of anaemia
implicated in the pathogenesis is iron-deficiency anaemia caused by
defects in haemoglobin synthesis [43-45]. Initially, in patients with
severe anaemia (haemoglobin 4-6 g/dL) and normal LV function
[46,47], reduced oxygen-carrying capacity induces haemodynamic
and non-haemodynamic compensatory mechanisms [48]. Low
numbers of circulating RBCs reduces systemic vascular resistance by
decreasing whole-blood viscosity and associated tissue hypoxia, while
low-haemoglobin increases nitric oxide (NO) mediated vasodilation
[47,49]. Reduced arterial blood pressure induces baroreceptor-
mediated neurohormonal activation (increased sympathetic and
renin angiotensin activity) leading to decreased renal blood flow and
glomerular filtration rate, resulting in increased renal retention of salt
and water, and the expansion of extracellular and plasma volumes [40].
These mechanisms results in high output HF and the correction of
anaemia results in a rapid and complete reversal of high output HF [46].

Prolonged and severe anaemia results in cardiac dilatation
and ventricular hypertrophy. It leads to the development of CV
decompensation after a period of high output HF [13]. If anaemia
is not corrected, the myocardium is unable to withstand the high
workload leading to contraction and fatigue, myocardial remodelling
and expansion of ventricles, normal or thin wall thickness, and
eventually HF [50]. Induced iron deficiency anaemia in mice revealed
increased cardiac output and sympathetic activation resulting in LV
hypertrophy [51]. Anaemia may also induce hypoxia-linked inhibition
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of the mitochondrial respiratory chain or potassium channels leading
to intracellular calcium accumulation, which in turn may lead to
cardiomyocyte dysfunction. Iron is also an essential element in
the synthesis of collagen — an import component of the CV system
responsible for supporting and sustaining the hardness of the vascular
wall. In iron deficiency anaemia, the content of collagen in the cardiac
tissue is decreased, resulting in decreased elasticity of the myocardium
and vascular wall as well as marked changes in the normal pressure/
volume relationship [52,53].

Diagnosis: Clinical signs and symptoms of anaemia-associated CM
are non-specific but patients may often experience fatigue, dizziness,
headache, palpitations, shortness of breath and increased heart rate
[13,14]. Prolonged anaemia may lead to the development of hypertrophy
and cardiac chamber enlargement, eventually leading to HF [54].
Various auxiliary examinations (mainly ECG and echocardiography)
are commonly used to detect changes in the anaemic myocardium -
ECG abnormalities include prolonged P-wave duration and dispersion,
T-wave and tachycardia [55,56], and significant decrease in QRS
duration and increased QTc (especially in pregnant women with iron
deficiency anaemia) [57]. Various echocardiographic modalities can also
detect myocardial changes associated with prolonged anaemia. Two-
dimensional (2D) echocardiography reveals significantly elevated LV
end-diastolic and end-systolic dimensions, LV posterior wall thickness,
left atrial volumes index and LV mass index with normal or mildly
elevated LVEF [58]. Doppler echocardiography reveals significantly
increased E/A ratio, transmitral Doppler early filling velocity to tissue
Doppler early diastolic mitral annular velocity ratio (E/E’ ratio),
stroke volume, and cardiac index but with no significant differences
in deceleration time (DT) [58]. Speckle tracking echocardiography
(STE) reveals impairments in the global longitudinal strain (GLS),
global area strain, global radial strain (GRS) and global circumferential
strain (GCS), suggesting LV remodelling and LV systolic dysfunction
in patients with haemoglobin levels 6-9 g/dL [59]. In a 2D-STE study
that evaluated patients with iron deficiency anaemia, LA functional
dimensions - global peak atrial longitudinal strain, and strain rate of
the systolic LV and the early and late diastolic LV strain rate curves of
the LA show better potential for accurate assessment of LA dysfunction
[60]. Recently, myocardial perfusion single-photon emission
computed tomography (SPECT) reveal an inverse association between
haemoglobin levels and myocardial washout rate of thalium-201 (TI-
201) in patients with normal myocardial perfusion [61]. Anaemic
patients may have significantly increased levels of troponin I secondary
to upper gastrointestinal (GI) bleeding in the early course of myocardial
damage [62].

Treatment: Cardiomyopathy secondary to anaemia (especially CM
resulting from iron deficiency) may be completely reversible prior to
the development of HF [63]. Chest ECG and radiographic images of
a patient with chronic anaemia due to long-term bloodletting with
cardiac hypertrophy reveal three months of iron supplementation
therapy caused marked improvement in cardiac hypertrophy [64]. Low
haemoglobin has been associated with enlarged cardiac chambers,
increased LV mass and higher LV filling pressure [58]. Appropriate
correction of the cause of anaemic results in a decrease in LV mass, LA
volume and E/E. Furthermore, ferric carboxyl-maltose may alleviate
iron deficiency in patients for whom oral iron supplementation is
ineffective [65]. A systematic review of 13 small uncontrolled or
randomized placebo-controlled studies published between 2000 and
2010 associate treatment by erythropoietin-stimulating agents (ESA)
to an increase in haemoglobin levels accompanied by symptomatic
improvement [40].
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Among anaemic patients who have developed HE, it is important
to consider whether treatment of anaemia might improve outcomes.
Unfortunately, few options are available to increase haemoglobin in
anaemic HF patients. Packed RBC transfusion as a short-term therapy
has many risks and provide only temporary benefit [40]. In a large public
discharge database, about 600,000 patients admitted for HF, 27% had
anaemia. Untreated anaemia was associated with approximately 10%
increase in adjusted risk of mortality and approximately 70% higher in
patients who had received transfusions [66]. However, the study did not
consider confounders such as the severity and reason for transfusion,
which may require large prospective RCTs to clarify the harmful
effects of transfusion on anaemic patients with HE The Transfusion
Requirements in Cardiac Surgery (TRICS) III trial also reported RBC
transfusion in HF patients with anaemia is not necessarily beneficial
and may even be associated with poor outcomes [67]. Thus, routine
blood transfusion in asymptomatic patients with non-acute anaemia
is not always recommended [68]. Careful consideration of clinical and
individual patient factors such as age, comorbidities and the need for
surgical intervention is advisable when determining clinical indications
for transfusion in HF patients.

Sickle cell anaemia: Sickle cell anaemia (SCA) refers to a group of
inherited hematologic disorders caused by a point mutation in the beta-
subunit of haemoglobin. The abnormal haemoglobin polymerizes after
releasing oxygen to the tissues to produce long filaments that contort
the erythrocyte into a characteristic sickle-cell conformation [69-71].
Over the past few decades, improvement in the medical care of SCA
patients have led to a significant decrease in childhood mortality,
especially in developed countries [72]. With improved survival into
adulthood, the cumulative burden of acute and chronic organ damage
has become an important determinant of quality of life, morbidity and
life-expectancy, which appear not to have improved in the last 15 years
while adult SCA-related mortality appear to have increased [73,74].
Cardiopulmonary complications including heart chamber dilation,
diastolic dysfunction and elevated pulmonary arterial pressure (PAPs)
are common findings in SCA patients although the mechanisms and
pathophysiology that unify these factors to the cardiac phenotype of
SCA and its underlying unexplained complications such as arrhythmias
and sudden death are not well-recognized [69,75,76]. Sudden
unexplained death has been reported in 25% to 30% of SCA patients
associated with cardiopulmonary complications [77,78].

Pathophysiology: Pathophysiologic mechanisms involved in
SCA-CM is multi-factorial and mainly includes anaemia-related
hyperdynamic features and restrictive physiology [76]. Hyperdynamic
features appear at the onset of myocardial dysfunction resulting from
various adaptive CV mechanisms associated with anaemia. Altered
blood viscosity, tissue hypoxia, and increased sympathetic tone
appear to drive hyper-dynamic features [79]. Prolonged anaemia leads
to arteriolar dilation and reduced afterload. Reduced venous tone
increases preload, and together with increased sympathetic tone, results
in increased stroke volume and cardiac output and eventually a state
of volume overload [80-82]. Overtime, volume overload and increased
cardiac load leads to cardiac enlargement and LVH [83]. Typical
features of volume overload in SCA include increased stroke volume,
cardiac output, LV end-diastolic dimensions and eccentric LVH [69].
LV dilatation in SCA has increased or preserved LVEF and increased
stroke volume, which differs from LV dilatation of failing ventricles
typical in DCM that is associated with LV systolic dysfunction [70].
Although hyperdynamic features associated with anaemia are prevalent
in SCA patients, it is difficult to distinguish the effect of anaemia
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itself from that of pathological processes due to SCA including vaso-
occlusion and inflammation in the heart. The involvement of anaemic-
related hyperdynamic features to other pathologic cardiac features
such as diastolic dysfunction, pulmonary hypertension, and elevated
tricuspid regurgitant jet velocity (TRV) has yet to be established [40].

In addition to hyperdynamic features, patients with SCA exhibit
a unique form of CM with restrictive physiology. This form of CM
may provide an explanation for typical pathologic cardiac features in
SCA patients, especially mild pulmonary hypertension, elevated TRV,
diastolic dysfunction, LA dilation, and LV dilation with normal systolic
function [69]. Restrictive physiology often manifests as stiffened
myocardium that leads to increases in ventricular pressures with only
mild increases in volume [84]. It is primarily a disease of the myocardium
characterized by reduced myocardial compliance and subsequently
diastolic dysfunction leading to increases in ventricular filling pressure,
LA pressure and restricted filling [84]. RCM can be idiopathic or in the
setting of infiltrative diseases, radiation or chemotherapy [85]. Primary
pathophysiologic mechanism underlying RCM is progressive fibrosis
of the myocardium resulting in impaired ventricular relaxation and
progressive diastolic function [86].

Generally, RCM has a poor prognosis without heart transplantation.
Age and LA size are the strongest independent risk factors for mortality
in patients with RCM [87] while ischemia and arrhythmias, which are
possible consequences of fibrosis encasing the conducting pathways, are
frequent causes of death in RCM patients, which occurs in about 30%
of RCM patients [86,88]. This restrictive physiology hypothesis of SCA-
CM has been supported by a meta-analysis study that included 134
SCA patients, which reported primary pathologic features are diastolic
dysfunction, LA dilation and LV enlargement with preserved systolic
function [69]. The main difference between idiopathic RCM and SCA-
CM is LV enlargement, which is absent in idiopathic RCM. Indeed, the
formal criteria of RCM exclude enlarged ventricles but this distinction
is made to differentiate RCM from DCM. Thus, LV dilatation is one of
the hyperdynamic features that coexist with the features of restrictive
physiology in the hearts of SCA patients [70].

Autopsy and cardiac MRI (CMRI) studies provide supporting
data on the pathophysiology of SCA-CM. Autopsy studies in SCA
patients provide an insight into cardiac histopathology. In particular,
important autopsy findings include cardiac chamber enlargement and
increased heart weight, pulmonary vascular changes and myocardial
fibrosis [89,90-92]. Autopsy findings also reveal different patterns of
myocardial fibrosis — transmural fibrosis (scarring) with no evidence
of atherosclerosis, patchy fibrosis, diffuse fibrosis and fibrotic foci
involving the conduction system, which predisposes SCA patients to
arrhythmias [89,93]. Recent CMRI-LGE studies show the modality is
useful for detecting scar tissue or focal macroscopic fibrosis based on the
difference in the volumes of distribution of extracellular contrast agent
(gadolinium). However, LGE may vary significantly in SCA patients
because it is based on detecting differences in enhancement between
the affected area and surrounding myocardial tissue and may not detect
diffuse myocardial fibrosis observed in autopsy of some SCA patients
[89]. Autopsy and CMRI studies suggest that fibrosis is an important
but overlooked pathology contributing to cardiac dysfunction in SCA.
Ongoing studies evaluating novel CMRI techniques indicate diffuse
myocardial fibrosis is a common finding in SCA patients [94].

Diagnosis: Diagnosis of SCA-CM remains controversial. The
2014 National Heart, Lung and Blood Institute (NHLBI) expert panel
report on evidence-based management of SCA-CM did not find any
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demonstrable evidence to support echocardiographic screening in
asymptomatic patients [95]. In contrast, the American Thoracic Society
Clinical Practice guidelines recommend performing echocardiography
every 1 to 3 years and increasing frequency depending on the presence
of adverse risk factors such as high TRV and elevated plasms NT-
pro-BNP or confirmed pulmonary hypertension [96]. However, so
far, these expert consensus reports are not based on strong evidence.
While it remains unclear at what point screening for SCA-CM should
begin, Nis et al. [70] suggests ECG and echocardiographic screening on
asymptomatic SCA starting between 15 and 18 years. Screening should
look for chamber enlargement especially of the LA, systolic function
and diastolic abnormalities using mitral and Doppler imaging. If
cardiac abnormalities are detected, the need for imaging and referral
to a cardiologist should be determined based on individual patient
presentation.

Treatment: Same to diagnosis, treatment of SCA-CM remains
controversial and challenging. At present, there is no proven treatment
for cardiac dysfunction or pulmonary hypertension (PH) for SCA
patients. Observational studies suggest a potential effect of therapy
directed towards pulmonary arterial hypertension (PAH) in SCA
patients with PH but small-randomized controlled trials (RCTs) do
not show these benefits [97-99]. Small RCTs using endothelin receptor
antagonist bosentan in SCA patients with PH [20] or comparing
sildenafil to placebo in SCA patients with elevated TRV [100] were
discontinued due to slow enrolment and adverse effects respectively. The
role of disease-modifying therapy (targeting SCA) in SCA-CM remains
undetermined. Going forward, understanding the pathophysiology of
SCA-CM and different forms of PH in SCA patients may be important
to identify directed therapies to slow or even reverse cardiac dysfunction
in SCA patients. Until then, optimizing general SCA care using disease
modifying therapy such as hydroxyurea or chronic transfusion remain
the only therapeutic option with established benefits for SCD patients
[70].

Henoch-schonlein purpura: Henoch-Schonlein purpura (HSP)
is non-oncologic haematologic disorder defined as vasculitis
(inflammation of blood vessels) characterized by the deposition of
immune complexes mainly polymeric immunoglobulin a (IgA) and
C3 in the small blood vessel mainly in the skin, intestines and kidneys
[101-103]. Its aetiology remains unknown but it is often associated with
infectious agents. Its course is often self-limiting but may manifest long-
term renal morbidity [101]. HSP can affect all age groups although by
far the most commonly affected are children aged 2-6 years [104,105].
The incidence in children is approximately 10.5 to 20.4 per 100,000
children per year [105,106]. The incidence is highest in the 4 to 6 years
age group, with up to 70.3 per 100,000 children per year with a slight
male preponderance of 1.2 to 1 ratio to female [105]. The dominant
clinical characteristics of HSP are non-thrombocytopenic palpable
purpura (100%), arthritis (82%), abdominal pain (63%), gastrointestinal
bleeding (33%) and nephritis (40%) [107,108].

Pathophysiology: Kidney manifestations is a frequent occurrence
in HSP patients causing haematuria and IgA type nephropathy. Extra
renal involvement is rare but can be life threatening if diagnosis is
missed. Direct evidence of HSP related CM are lacking but case reports
of cardiopulmonary involvement [109-112] and cardiac involvement
[113,114] suggest CM of an ischaemic origin in HSP patients. Lecutier
[113] described a case report of an 11-year old boy who died one
month after the onset of HSP. A throat culture detected streptococcus
pyogenes as the infectious aetiology. Autopsy examination revealed
several myocardial areas of necrosis with calcification but without
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the involvement of coronary arteries or arterioles perfusing the
myocardium. The study suggested that antigen antibody reaction might
affect the myocardium in the same way it produces the vascular lesions
[113]. Imai and Matsumoto [114] reported a case of a 14-year old girl
with HSP who developed HF two-weeks after the onset of the disease.
On ECG, the patient had myocardial injury compatible with acute
carditis and anti-streptococcal titre was markedly raise [114].

Case reports of cardiopulmonary involvement in HSP patients
support the hypothesis of an underlying ischaemic process in the
development of HSP-related CM. In a case report of HSP, Hayakawa
etal. [111] described two patients who developed transient myocardial
ischemia in the course of the disease. On ECG, ischaemic changes
returned to normal within 4 to 5 days and the level of creatinine
phosphokinase was not elevated with no evidence of acute myocardial
infarction. In one patient, acute pericarditis was excluded because
elevation of ST segments was confined to pericardial limbs on ECG
and echocardiography revealed no pericardial effusion. The study
concluded that coronary spasm was the likely cause of transient
myocardial ischaemia in the two patients [111]. Tan [109] reports a
case of adult onset of HSP in a 60-year old woman who developed ST
elevation myocardial infarction (STEMI) and pulmonary haemorrhage
in the course of the disease. Prompt normalization of ST segment
change suggested transient ischemic of the myocardium possible due to
coronary artery spasm precipitated by vasculitis process, which causes
injury to coronary vessels endothelium and releases vasoconstrictive
substances from those cells (endothelin-1) that is known to possess
potent vasoconstrictive actions [115]. Another suggested mechanism
of myocardial ischemia could be related to acute arterial thrombosis
associated with the presence of antiphospholipid antibodies sometimes
detected in HSP patients [116].

Diagnosis/Treatment: Diagnosis of HSP-CM rests on demonstrable
clinical evidence of HSP and cardiac involvement. In 2006, the European
League against Rheumatism and Paediatric Rheumatology European
Society (EULAR/PReS) published a new classification of childhood
vasculitis, which updated the 1990 American College of Rheumatology
classification of HSP [117]. The criteria support diagnosis of HSP in the
presence of palpable purpura, diffuse abdominal pain, biopsy showing
predominant IgA, acute arthritis/arthralgia or renal involvement
(haematuria/proteinuria). Ancillary tests such as ECG and non-invasive
imaging are useful in the diagnosis of HSP complications including CM
[117]. Although non-specific, cardiac involvement in HSP patients can
manifest in the form of chest pain, bradycardia and hypotension. Some
patients may exhibit coronary events manifesting as T-wave inversion
and myocardial infarction as well as bundle branch block and sub-
endocardial leucocytoclastic vasculitis. Pericarditis and subsequent
pericardia effusion is very unusual [118]. Differential diagnosis of
cutaneous purpura and myocardial infarction is challenging but the
addition of other organ involvement such as kidney, lung and joints
should suspect a systemic cause such as vasculitis of small to medium-
sized vessels. Although HSP has a paediatric preponderance, it can also
affect adults and should not be overlooked in adults presenting with
typical signs of HSP and myocardial dysfunction [109]. Nevertheless,
studies specific to HSP-CM are needed to clarify its diagnostic features
as current evidence includes features general to cardiac dysfunction or
HE

Treatment for HSP-CM is often supportive. Unlike CM due to
hematologic malignancies such as anaemia and SCA-CM, HSP-
CM lacks disease-modifying therapy since the natural course of
HSP is usually one of complete resolution often without the need for
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therapeutic intervention [101]. For severe cases, treatment is usually
symptomatic and supportive. Unlike other vasculitis, corticosteroids
(anti-inflammation treatment) have not been shown to change the
course of the disease although it may reduce the length of severe
abdominal pain. In the case of severe cardiac involvement, treatment
usually targets symptoms of cardiac (HF medication), gastrointestinal
and renal dysfunction based on current guidelines [109].

Neoplastic cardiomyopathy

The human body comprises of trillions of cells that grow, divide
and die in an orderly fashion in a process tightly regulated by the DNA
elements within the cell. The term neoplasm refers to an abnormal
growth of cells that exceeds, and is uncoordinated with, that of the
normal cells and persists in the same excessive manner even after the
cessation of the stimuli that evoked the change. As the excessive growth
of these neoplastic cells persist, a tumour (neoplasm) that lacks any
purpose or function in the body may develop [119]. The neoplasm
may be benign (non-cancerous) such as uterine fibroids or malignant
(neoplasm that have become cancerous) characterized by abnormal
cell growth, capacity of invading other tissues, and capacity to spread
to distant organs via blood vessels or lymphatic channels (metastasis).
Thus, neoplastic diseases define neoplasm that can cause both benign
and malignant tumour growth [119,120]. Primary neoplasm (tumour
restricted to the original organ) or metastatic (tumour that have spread
to other distant organs) can potentially lead to CM in cancer patients.

Primary neoplasm: Cardiac tumours are a reclusive sub-division
of oncology classified as primary (benign or malignant) or metastatic
(secondary) but lacks a definitive classification based on aetiology,
histopathology or a system of staging [121]. Cardiac myxoma represents
the most common type of primary cardiac neoplasm regarded as benign.
It can occur in almost any age although the usual patient age-range
is between 30 and 60 years with a female predilection [122]. Patients
with myxoma may present with a variety of symptoms including
obstructive cardiac, embolic and constitutional symptoms. Obstructive
cardiac signs include dyspnoea, thoracic pain, cough, dizziness and
HF due to tumour prolapse into the mitral orifice mimicking HF
symptoms [123,124]. Embolic manifestations may occur in any organ
and usually accompanied with peripheral or pulmonary emboli or
stroke [122]. Constitutional symptoms include arthralgia, myalgia,
fever, rash, weight loss, cachexia and fatigue believed to be due to IL-6
production by tumour cells [125]. In a pooled autopsy series, primary
cardiac neoplasm are rare, occurring in approximately 0.02% (about
200 tumours in 1 million autopsies) [126]. Histologically, about 75%
of primary neoplasm are benign and almost half are myxoma with the
remainder being lipomas, papillary fibroelastomas and rhabdomyomas.
Whether benign or malignant, a majority of primary cardiac neoplasm
manifest intracavitary and preferentially develop in the left atrium
leading to LV inflow obstruction [127].

Evidence of myocardial involvement: Reports of CM in the setting
of primary cardiac neoplasm are very rare, with only a handful of case
reports describing this clinical entity. In a case report published in 1992,
Kanemoto et al. [128] was the first to associate atrial myxoma with
HCM in an English-language medical literature in a 67-year old male
who presented with exertional dyspnoea. An association between HCM
and LA myxoma has also been observed in patients with progressive
cardiomyopathic lentiginosis (LEOPARD syndrome), which is a rare
autosomal dominant multi-organ disease [129]. In three subsequent
case reports of patients with HCM and atrial myxoma, no evidence
of LEOPARD disease was discovered [130-132]. Abdou et al. [130]
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described a case of incidental diagnosis of atrial myxoma in a 71-year old
female with HCM. Transthoracic and transesophageal echocardiogram
revealed asymmetric hypertrophy of the basal and mid-anteroseptal
wall (consistent with HCM) later confirmed by CMRI. Kaluzna-Oleksy
et al. [131] also described an incidental echocardiography diagnosis of
LA myxoma and HCM who did not have LEOPARD syndrome. Finally,
Mani et al. [132] described a 5-year boy with ventricular myxoma and
HCM in which diagnosis was incidental on echocardiography and
confirmed by CMRI.

Two case reports have also described DCM in patients diagnosed
with atrial myxoma [133,134]. Adachi et al. [133] described a 54-year
old female who had echocardiographic and angiographic evidence
of markedly reduced LV wall motion and a large LA mass. The
histological findings of the biopsied RV specimens were consistent
with DCM. Muthiah [134] described a rare case of LV myxoma
originating from the apical interventricular septum and projecting
into LV cavity on 2D transthoracic echocardiography in a 29-year old
male. The patient presented with myxoma with symptoms mimicking
infectious hepatitis and DCM with depressed LVEF (20%). Cases of
LV or bi-ventricular failure in patients with atrial myxoma have also
been described suggesting HF may be the first manifestation of a giant
myxoma in patients with normal coronary arteries [135,136]. Thus,
timely echocardiographic evaluation and surgical removal of tumour is
recommended to prevent severe cardiac complications.

Pathophysiology: The association between cardiac myxoma and
HCM is very rare such that its pathophysiologic relevance and clinical
course remain unclear. However, its pathophysiology is believed to be
multifactorial based on evidence associating primary cardiac myxoma
and HF. Left atrium myxoma may result in atrial and annular dilatation
with mitral insufficiency from inadequate coaptation of valve leaflets in
systole and mitral stenosis from obstruction of LV filling during diastole
[137,138]. In some patients with LA myxoma, LV dilatation is likely
related to co-occurring DCM, which may also be responsible for LV
systolic dysfunction. A rapid onset of atrial fibrillation associated with
ventricular tachycardia may possibly reduce the diastolic time, which
further impairs LV function and aggravates latent chronic heart failure.
Atrial myxoma may also produce a direct cardiodepressive effect, which
may result in the release of cytokines such as interleukin (IL) 6 and
IL-8 that may cause myocardial tissues inflammation and bi-ventricular
hypertrophy and dilation with global ventricular dysfunction [135].
Over-production of IL-6 and IL-8 may induce thrombopoiesis,
neutrophil migration and myxoma cell-fragment adhesion to coronary
artery endothelium, leading to myocardial ischemia and infarction
[139-142].

Diagnosis/Treatment: Diagnosis of primary neoplasm CM has not
been elucidated in medical literature. Case reports suggest diagnosis is
often incidental especially when examining for other more common
causes of cardiac dysfunction, CM or HE In all the four case reports
on myxoma and HCM or DCM [130-133], common diagnostic test
was transthoracic or transesophageal echocardiography used for the
detection of myxoma mass and ventricular hypertrophy and/or dilation.
Echocardiogram can detect asymmetric hypertrophy of the basal and
mid-anteroseptal wall (consistent with HCM) while CMRI may reveal
asymmetric LVH with a thickened interventricular septum and a
mass in the LA along the inter-atrial septum [130]. Echocardiography
is the best first-lime imaging modality because of its simplicity, wide
availability and cost-effectiveness, and detect tumour structure and
location as well as hemodynamic alterations induced by the tumour.
Cardiac MRI is a complementary technique that is not associated
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with radiation risk and provides information on tumour vasculature
and tissue appearance [133,134]. The management of asymptomatic
cardiac myxoma remain a topic of debate because there are no reports
clearly favouring conservative or surgical intervention. However,
tumour excision (surgically or by radiotherapy) has been associated
with improvement in cardiac function especially in patients with
primary cardiac myxoma and familial HCM, which increases the risk of
complications [130,133,134]. To improve diagnosis and management,
autopsy studies or surgically excised myxoma should be histologically
examined for diagnosis as well as the structure should be evaluated
by histochemical analysis for cardio-depressant factors particularly in
patients with ventricular dysfunction.

Metastatic neoplasms: Metastatic cardiac neoplasm refers to
tumours that have travelled from other organs of the body to the heart
preferentially from melanoma, primary mediastinal, breast and colon
cancers [122]. These tumours are among the least known and highly
debated issues in oncology with a few systematic studies devoted
to this topic. Metastatic cardiac neoplasm reach the heart through
hematogenous route entering the small coronary vessels from which
they invade the heart or direct extension from intrathoracic cancer or
by retrograde flow through mediastinal and tracheobronchial lymphatic
channels [144]. The incidence of cardiac metastases is on the rise
because of improved survival of cancer patients due to improved anti-
cancer treatment and increased sensitivity of diagnostic modalities.
The incidence of metastatic cardiac neoplasm reported in literature
varies widely between 2.3% to 18.3% in case reports [143] and up to
25% in autopsy series of patient who had died of malignancies [127].
Although no malignant tumours are known that diffuse preferentially
to the heart, some tumours do involve the heart more than others do
such as melanoma and mediastinal primary tumours [143-145]. Thus,
for every other site, the ability of the tumour to spread to the heart
depends on several factors including the characteristics of the primary
tumour and the specific histological and functional characteristics of
the heart [146].

Evidence of myocardial involvement: Evidence on the involvement
of the myocardium in metastatic cardiac neoplasm is limited to autopsy
series and a handful of case reports possibly due to the rarity of the
disorder as well as heterogeneity of cardiac and extra cardiac signs
and symptoms rendering a definitive diagnosis challenging. Thus, the
evidence of tumours metastasizing to the heart are largely based on
diagnosis during autopsy series [147-149]. The most common primary
neoplasm metastasizing to the heart are lung (31.6%), lymphoma
(15.8%), breast (12.8%), leukaemia (13.7%), stomach (5.3%), and
liver, melanoma and colon (3.2%) [147]. The myocardium is the most
common cardiac site (53.9%), followed by the pericardium (28.4%), the
epicardium/pericardium (13.7%) and finally the endocardium (3.9%)
[147]. Although neuroendocrine and thyroid cancers rarely lead to
cardiac metastases, few case reports have described patients with these
unusual forms of cardiac metastases leading to CM [146,147].

Myocardial metastases directly from neuroendocrine carcinoma
have been described in two case reports. Robinson et al. [150] initially
reported an unusual case of a 92-year old male patient presenting with
clinical signs of acute myocardial infarction. The patient had elevated
jugular venous pressure, pulmonary crackles, ST changes and a minor
degree of right bundle branch block (RBBB) on ECG but with normal
levels of serum creatinine phosphokinase. The patient died due to
cardiogenic shock and autopsy analysis revealed carcinoma of the
pancreas and metastasis in the myocardium. Recently, Kondo et al.
[151] described an autopsy case of non-functioning pancreatic neuro-
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endocrine carcinoma metastasizing to the myocardium in a 63-year
old Japanese male patient who died of HE. The patient presented with
dyspnoea and echocardiography revealed marked LVH and diffuse
myocardial thickening with pericardial effusion. Autopsy analysis
revealed the entire pancreas was occupied with neuroendocrine
differentiation, diagnosed on histopathology as non-functioning
pancreatic neuroendocrine carcinoma. Immunohistochemical analysis
revealed the heart had numerous metastatic nodules and diffuse
myocardial thickening mimicking HCM [151].

Myocardial metastases of thyroid cancer are very rare. In an analysis
of 4,124 autopsies [148] and 3,314 autopsies [147], no myocardial
metastases of thyroid cancer were found and in 3,249 autopsies,
cases of metastases of thyroid to the myocardium was 0.18% [149].
However, case reports have described 13 cases of cardiac metastases
of thyroid tumours including two cases of metastatic papillary thyroid
carcinomas [152-158]. In a recent case of a 62-year old male with a
history of surgical therapy for thyroid carcinoma, Fukuda et al. [159]
report myocardial metastases of papillary thyroid carcinoma in both
ventricles with a mobile RV pedunculated tumour. The patient was
admitted because of chest pain, exertional dyspnoea, pretibial oedema,
and febrile. ECG revealed ST segment elevation and low voltage. A
large solid tumour was demonstrated in both ventricles with pericardial
effusion by echocardiography, thoracic CT scan and angiography.
Autopsy analysis revealed widespread metastases to all layers of the
heart - myocardium, endocardium and pericardium. Thus, metastatic
cardiac tumours should be considered in patients who have undergone
thyroidectomy especially when new cardiac symptoms or ECG changes
occur. Recently, a case of metastases of hepatocellular carcinoma was
misdiagnosed as isolated HCM [160].

Diagnosis/Treatment: Diagnosis and treatment for metastatic
neoplasm is a clinical challenge since the disease is rare and it lacks
pathognomonic diagnostic signs and symptoms, and usually presents
with extra-cardiac signs and symptoms. Autopsy series and case
reports suggest clinical manifestation of metastatic cardiac tumour
varies widely. Diagnosis is incidental in clinical settings but in a greater
majority of cases, diagnosis is made during autopsy. Since diagnosis is
usually delayed, surgical intervention of the primary tumour may have
little therapeutic benefit to the patient because the tumour has already
spread to other organs. Further studies are warranted to evaluate
cardiac features that would raise clinical suspicion of CM in the setting
of metastatic cardiac neoplasm since the disorder has an ominous
prognosis when detected late.

Meta-analysis of SCA-CM echocardiographic diagnosis

The understanding of the natural course, clinical presentation,
diagnosis and management of oncologic CM has lagged far behind that
of other forms of CM possibly due to the rarity of the disease as well
as the involvement of both cardiac and extra-cardiac manifestations
making the development of a generalized diagnosis and treatment
impossible. Moreover, the rarity of the disease has been associated
with the paucity of research despite the disease having an ominous
prognosis. On the other hand, non-oncologic hematologic causes of
CM such as sickle-cell anaemia has received a greater proportion of
research. However, diagnosis and management remain unclear with
current treatment targeting the management of HF symptoms and
cardiac complications [95,96]. To date, only two review articles [69,70]
have specifically discussed SCA-CM, with a majority of evidence based
on general cardiac dysfunction and serum changes in the levels of
natriuretic peptides in SCA-patients. This meta-analysis goes further to
evaluate echocardiographic-based evidence of cardiac changes in SCD
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patients in comparison to healthy controls matched to body surface
area (for infants and children), age and sex.

Electronic search for studies was performed in PubMed and Google
Scholar using the following search terms: sickle cell anaemia, sickle
cell disease or sickle cell combined with each of the following terms:
cardiomyopathy, haemodynamic, heart failure, cardiac dysfunction,
pulmonary hypertension or echocardiography. Studies that enrolled
SCA patients and evaluated different modalities of echocardiography
(conventional, 2D, 3D, M-mode, Doppler or speckle tracking) were
retrieved for a full review. Studies that did not compare SCA patients
with age- and sex-matched healthy controls or did not provide raw
quantitative data (mean, standard deviation or number of observations)
were excluded from the final data set. Categorical data was expressed
as frequency and percentage, continuous data as mean and standard
deviation, and dichotomous data as weighted mean difference (WMD)
and 95% confidence interval (CI). The inconsistency parameter (I?) was
used to estimate the amount of heterogeneity as well as determine the
basis of random effect approach (either fixed or random effect model)
used for analysis. Differences were considered statistical significant at p
< 0.05 (Table 2).

Results

The electronic search yielded 374 studies, of which only 17 were
included in the final analysis [161-177]. The 17 studies enrolled a
combined population of 1,716 consisting of 1,063 SCA patients and
653 controls matched for sex, age and body surface areas (for children).

Table 2. Summary of patient characteristics and summary of echocardiographic findings

Patients had an equal gender representation (male = 51%; female =
49%) and were relatively young (mean = 22.22+10.63 years) consisting
of children in six studies [161,162,165,171,172,176] and young adults
in the remaining 11 studies [163,164,166-170,173-175,177]. The most
common cardiac structural and functional parameters assessed were
LV systolic function (LVEF and cardiac index), LV structure (LVEDD,
LVESD, LVM, LA and IVRT), and diastolic function (E/A ratio,
deceleration time [DT]) and global longitudinal strain (GLS).

Pooled analysis of echocardiographic data from 14 studies
[161,162,164-171,173-176] revealed that SCA patients have a preserved
LV systolic function (LVEF) similar to that of age- and sex-matched
controls. Weighted mean for LVEF at baseline was 62.19% (95% CI:
60.12% to 64.25%). Weighted mean difference (WMD) of LVEF
between SCA and control patients was -1.95% (95% CI: -4.253 to 0.359)
in favour of control patients although the difference was not statistically
significant (p = 0.098; Figure 1). Heterogeneity among the studies was
high (I* = 99.29%), which could not be explained by differences in patient
and study characteristics, and thus a random fixed model was used.
Cardiac index was also significantly higher in SCA patients (WMD:
2.30;95% CI: 0.73 to 3.87; p = 0.004) [161,162,164]. Despite a preserved
systolic function, LV dimensions and size differed between SCA and
control patients. In eight studies [163,164,167,168,170-172,174], SCA
had significantly higher LVEDD (WMD: 4.267 mm; 95% CI: 3.15 to
5.38; p = 0.000; Figure 2). In six studies [164,168,170-172,174], LVESD
was significantly higher in SCA patients then in controls (WMD: 3.569
mm; 95% CI: 2.93 to 4.21; p = 0.000; Figure 3). In five studies, LVMI

Summary of Echocardiographic Findings

LV dysfunction is prevalent in a significant proportion of SCA children but unrelated to the degree of anaemia or

Cardiac abnormalities in children are related to volume overload with no evidence of SCA-CM or cardiac dysfunction
LV diastolic filling patterns are altered in SCA patients, which may be present even in the absent of HF symptoms

Chamber dilation, eccentric hypertrophy and systolic dysfunction characterize SCA-CM, which is significantly

LV systolic performance is preserved in SCD patient in early childhood but with LVH and diastolic filling abnormalities
by Doppler that do not fit specific cardiomyopathic pattern - diastolic dysfunction - restrictive physiology with

A subset of adult SCA patients may have myocardial ischemia in the absence of myocardium infarct/iron overload or
CAD. RV dysfunction may be present in stable patients despite normal resting pulmonary artery pressure suggesting

PH is the most common cardiac abnormality in SCD patients, who exhibit significantly increased LV dimensions and
Diastolic dysfunction and PH exert an independent effect on mortality in SCD patients with extremely poor prognosis
supporting the need for echo screening to stratify at risk population

LV changes in SCD are partly due to chronic anaemia but there appears to be e secondary mechanism, which is not

Incidence of PH in SCD patients is higher in sub-Saharan Africa compared to age-matched US cohort.

Doppler myocardial performance index may be a useful non-invasive and sensitive tool for assessing sub-clinical

SCA patients have significantly higher LV dimensions compared to healthy controls

SCD adults exhibit LV and RV chamber enlargement and higher LV and RV filling pressure compared to controls

SCD patients have significantly increased ventricular dimensions and volume and diastolic dysfunction compared to

3D STE confirms diastolic dysfunction in some SCA patients but does not reveal any changes in LV systolic function
TDI indices is a sensitive indicator for the cardiac function in chronic diseases and the RV function in some disorders

1%t Author Year Sample Male | Mean Age
[Ref #] (SCA/ Ctrl) (n) (yrs.)
Rees [161] 1978 44/28 27 8.6+0.4 percentage of foetal haemoglobin.
Lester [162] 1990 64/99 29 7.37+£0.71
Lewis [163] 1991 30730 15 29(19-39) suggesting intrinsic myocardial abnormality.
Martins [164] 1999 25/25 NR 26.56+9.19 .
increased compared to controls.
Seliem [165] 2002 26/20 19 10.2£2.6
delayed relaxation
Raman [166] 2006 22/11 8 28.5+8.18
under-recognized mechanisms.
Aleem [167] 2007 65/58 28 24.549.2
volume compared to controls.
Sachdev [168] 2007 235/41 94 35+11
+
Westwood [169] - 2007 47/40 2 3313 myocardial iron loading or fibrosis
Aliyu [170] 2008 208/94 0 2248
Arslankoylu
[171] 2010 32130 17 104+4.2 cardiac LV and RV dysfunction in SCA patients
. 6.25(3.07-
Colombatti [172] | 2010 37/8 20 15.68)
Knight-Perry
[173] 2011 53/33 28 3411
Abdul-Mohsen
[174] 2012 45/45 28 25.73£6.79 age and sex-matched controls
Ahmad [175] 2012 28/28 12 33+7
Ghaderian [176] | 2012 64/50 11.74£5.5 such as SCA
Desai [177] 2014 38/13 17 32(27-38)
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SCA-CM is characterized by 4-chamber dilation, and in some patients, myocardial fibrosis, abnormal perfusion
reserve, diastolic dysfunction and rarely myocardial iron overload.
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was significantly higher in SCA patients (WMD: 28.40; 95% CI: 22.87
to 33.98; p = 0.000; Figure 4). Left atrial diameter (LAD) was also
significantly increased in SCA patients (WMD: 3.44 mm; 95% CI: 2.19
to 4.69; p = 0.000) [163,167]. Finally, there was a tendency towards

LWVEF: Weighted Mean Difference for

diastolic dysfunction indicated by a slightly lower E/A ratio in SCA
patients (WMD: -0.01; 95% CI: -0.12 to 0.099; p = 0.854; Figure 5)
[165,168,170-174] and slightly higher deceleration time (DT: WMD:
1.34; -9.04 to 11.72; p= 0.801; Figure 6) [165,168,170,171,173-175].
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Figure 2. LVEDD weighted mean difference and 95% CI for SCA and control patients
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Figure 3. LVESD weighted mean difference and 95% CI for SCA and control patients
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Discussion

The present meta-analysis involving 1,716 SCA and healthy
(control) patients evaluated cardiac changes in SCA-CM. The findings
reveal that SCA patients have a preserved systolic function, but with
significantly increased LV dimensions (LVEDD and LVESD), left atrial
diameter and cardiac index compared to healthy controls. There was
also a tendency towards diastolic dysfunction indicated by a slight non-
significant decrease in E/A ratio and increase in DT in SCA patients. The
findings suggest common cardiac changes in SCA-CM are preserved
systolic function, dilated LV, LA enlargement and diastolic dysfunction.
LV dilation (hypertrophy) and other detectable abnormalities in the
diastolic filling patterns by Doppler suggest a specific cardiomyopathic
pattern due to impaired LV relaxation and characterized by abnormally
delayed early diastolic filling (deceleration time > 166 msec) or a
decreased rate of decline of row velocity in early diastole (restrictive
physiology and delayed relaxation).

The present findings support the hypothesis that SCA-CM patients
have a restrictive physiology mimicking that of RCM although it
is uniquely different from RCM. The defining features of RCM are
preserved systolic function, diastolic dysfunction and left atrial
enlargement and the standard definition of RCM usually does not
include ventricular dilation [5-8]. Thus, the SCA-CM does not fit the
classical definition of RCM since ventricular dilation is one of its key
diagnostic feature. The present findings support the also hypothesis
that the pathophysiologic mechanisms of SCA-CM is a restrictive
physiology super-imposed on anaemia-related hyperdynamic features
[80-83]. Since SCA-CM has ventricular dilation and preserved systolic
function, it still differs from DCM, which is characterized by depressed
systolic function [6,7].

The presence of diastolic dysfunction in SCA-CM has been
identified as an independent risk factor for early death and an
important feature for differential diagnosis of SCA-CM from RCM
[168,178]. Paediatric studies reveal LA dilation is more prevalent in
young SCA patients than the enlargement of other chambers suggesting
it precedes the enlargement of other cardiac chambers [172,179-181].
Moreover, LA dilation and LVH are adaptive processes to anaemia-
related hyperdynamic features, which worsen overtime [82,162,182]. In
a review by cardiac dysfunction in SCA patients, Nis et al. [69] finds LV
end-diastolic and LVH are more noticeable in older patients compared
to a younger cohort of SCA patients. In a recent study, adults with SCA
exhibit 4-chamber dilation, normal systolic function and diastolic
dysfunction associating increasing age with worsening LV dilation and
LVH progressing into a 4-chamber dilatation [177]. A related review
study on systolic function in SCA patients, LV systolic function was
preserved although the patients had progressive LV dilation over time
[183]. The presence of LA dilation preceding chamber enlargement is
a characteristic feature that allows for the identification of SCA-CM
with restrictive physiology that would otherwise have been masked by
dilated ventricles in older patients [69,70].

The present findings have clinical relevance for the diagnosis
of SCA-CM. Currently, the use and application of adult diastolic HF
grading guidelines have not been validated in paediatric patients
[184]. Many patients with overt RCM were missed when the current
guidelines were used to classify diastolic function coupled with high
discordance among different parameters and poor inter-observer
agreement [185,186]. Thus, different criteria may be needed to diagnose
and grade diastolic dysfunction in paediatric patients with SCA. Grade
ITI/IV or restrictive diastolic dysfunction are not common in some
studies [69] but are prevalent in the present meta-analysis accompanied

Clin Med Invest, 2019 doi: 10.15761/CM1.1000188

by LA dilation and normal systolic function. Precise understanding of
the pathophysiology of diastolic dysfunction would be beneficial for
clinical management of SCA-CM patients. At present, the cause of
diastolic dysfunction in SCA patients is not well-established. Although
the presence of myocardial fibrosis has been suggested as a possible
underlying mechanism for restrictive physiology in SCA, cardiac MRI
studies have been inconsistent in detecting the extent of fibrosis in the
SCA myocardium while microscopic fibrosis has not been well studied.
Other studies suggest that ventricular stiffness secondary to fibrosis is
involved in the development of SCA-CM with restrictive physiology
[187-190].

In summary, the present findings suggest that SCA patients
develop a unique form of CM presenting with restrictive physiology
super-imposed on anaemic-related hyperdynamic state. The disease is
progressive, leading to the development of LV dilatation and diastolic
dysfunction. Presently, diastolic dysfunction remains an independent
risk factor for morbidity and mortality. Determining the pathogenic
mechanisms leading to SCA-CM could help identify therapies that
decrease cardiopulmonary morbidity and mortality in these patients.
Besides SCA-CM, there is also need for additional studies specifically
focussing on CM due to other haematologic and oncologic aetiologies
to improve diagnosis and identify therapies that would improve disease
management and survival for patients with CMs in general.

Conclusion

Cardiomyopathy (CM) is a rare but important cause of HF and
death in patients with primary or metastatic cardiac neoplasm, or
haematological disorders especially leukaemia, multiple myeloma,
anaemia, sickle-cell anaemia and Henoch-Schonlein Purpura. The
pathophysiology of oncologic/haematologic CM remains unclear but
appears to have restrictive physiology although a few isolated cases
of DCM and HCM phenotypes have been described in some cancer
patients. In particular, CM secondary to sickle cell anaemia (SCA)
consists of restrictive physiology superimposed on anaemia-related
hyperdynamic state, which may explain the prevalence of diastolic
dysfunction, cardiac chamber (LA/LV) dilation and normal systolic
function in SCA-CM patients. Dilated LA/LV differentiates SCA-CM
from RCM while preserved systolic function differentiates SCA-CM
from DCM. Oncologic/haematologic CM lacks specific diagnostic
tests. Diagnosis rests on the patient’s history and physical examination
supported by ancillary tests such as ECG, non-invasive cardiac tests and
endomyocardial biopsy. Management of oncologic/haematologic CM is
challenging due to a wide heterogeneity of clinical signs and symptoms,
and varying extent of myocardial and extra cardiac involvement.
Current therapy rests on optimizing general care for the underlying
oncologic or haematologic disease causing the CM, and in the case
of severe cardiac dysfunction, the standard HF therapy based on the
current guidelines.
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