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Abstract
The incidence of invasive fungal disease has dramatically increased over the past few decades corresponding to the rising number of immunocompromised patients 
– mostly those with Human Immunodeficiency Virus (HIV)/Acquired Immunodeficiency syndrome (AIDS) and cancer. The major risk factors for severe cardiac 
fungal disease are prolonged administration of antibiotics, corticosteroids and cytotoxic agents, invasive medical procedures, and transplant recipients. Invasive fungal 
infection often affects multiple organs and cardiac involvement frequently occurs in disseminated disease. Ante mortem diagnosis of fungal cardiomyopathy (FCM) 
is difficult because clinical findings of myocardial involvement are often absent or ambiguous and blood cultures are often negative. Although an uncommon cause of 
infectious cardiomyopathy (CM), FCM is potentially fatal and thus early diagnosis of the primary infecting fungal pathogen, organs involved and the status of the 
host immune system is important to guide clinical management. Thus, this paper reviews the major fungal pathogens responsible for CM, clinical setting in which they 
occur, pathophysiology, diagnosis and management as well as highlights the burden of cardiac fungal infection and the need for additional research to refine current 
strategies or develop more effective diagnostic and therapeutic strategies.
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Introduction
Fungal infections (or mycoses) affect more than a billion people 

worldwide and are responsible for approximately 11.5 million life-
threatening infections and over 1.6 million deaths annually [1-4]. In 
contrast, the impact of fungal infection on human health remains 
the most under-appreciated and under-researched infectious disease. 
In the U.K., research on fungal infection accounted for less than 3% 
of all the funded studies or 1.9% of the financial investment in all 
infectious disease research between 1997 and 2010 [5]. The World 
Health Organization (WHO) has no program on fungal infection, and 
most public health agencies except the U.S. Centre for Disease Control 
and Prevention (CDC), conduct little or no mycological surveillance 
[1]. Although a majority of people in their lifetime will suffer from 
superficial fungal infection that are easy to cure, millions of individuals 
worldwide will acquire life threatening invasive fungal infection that 
are difficult to diagnose or treat. In these patients, infection may spread 
to multiple organs including cardiac involvement usually in the setting 

of disseminated fungemia (the presence of fungi in blood), which 
may result in endocarditis (an intravascular infection), myocarditis 
(myocardial inflammation) and/or cardiomyopathy (myocardial 
dysfunction with or without inflammation) [4].

Fungal cardiomyopathy (FCM) in the absence of endocarditis or 
myocarditis is the most uncommon cardiac complication as well as the 
least researched of fungal cardiac diseases. Moreover, the epidemiology 
of FCM is unknown due to the lack of regular national surveillance 
systems, no obligatory reporting of fungal diseases, poor diagnostic 
test performance and a paucity of well-designed published studies [6]. 
However, the incidence of FCM is projected to rise due to a rise in the 
population of immunocompromised patients, mostly those living with 
cancer and HIV/AIDS [6,7]. Diagnosis of FCM is further complicated 
by absent or ambiguous clinical findings of myocardial involvement and 
usually negative blood culture tests yet early diagnosis and institution 
of aggressive therapy may improve survival [7]. With increasing 
numbers of immunocompromised patients, including those on 
immunosuppressive therapy and transplant recipients, clinical interest 
on fungal infection of the heart has become manifest in recent years. 
Thus, the present systematic review and a meta-analysis of published 
data focuses on causative fungal pathogens, pathophysiology, diagnosis 
and clinical management of FCM. This paper also illustrates the 
pressing need for more research in FCM and cardiac fungal infection 
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(CFI) in general, to facilitate the development of better diagnostic tests 
and therapies.

Fungal infection
Definition and history

Nosanchuk [8] defines FCM as the presence of fungal pathogens 
in a dysfunctional myocardium with or without inflammation in the 
absence of any other known cause. However, this definition does not 
support diagnosis in the clinical setting, which has remained a challenge 
because cardiac involvement in fungal infection is difficult to diagnose, 
frequently fatal and mostly discovered at autopsy (post mortem) [8]. 
Early studies on fungal endocarditis (an intravascular infection) reveal 
blood cultures are positive in about half (53%) of the patients and 
delayed or incorrect diagnosis occurs in a greater majority (82%) of the 
patients. Prospective investigations determining the incidence of FCM 
during fungemia are also lacking, nevertheless, autopsy analyses and 
case reports indicate FMC is a common complication of disseminated 
fungal infection particularly in immunocompromised patients [8]. 

The lack of studies on fungal infection may be partly attributed 
to relative recency of fungal infection. Reports of cardiac infection by 
fungi were rare in medical literature prior to the 1950s. Description of 
a patient infected with Blastomyces dermatitidis in the right atrium in 
1915 [9], complete documentation of Candida endocarditis in a heroin 
addict in 1940 [10], Aspergillus mural endocarditis in a child in 1947 
[11] and Aspergillus valve endocarditis in a patient with rheumatic 
heart disease in 1950 [12]. However, since the 1950s, reports of 
systemic and cardiac fungal infections began to appear with increasing 
frequency. Autopsy analysis at Johns Hopkins Hospital between 1889 
and 1977 histologically confirmed 51 patients with fungal infection 
of the heart and 34 with fungal myocarditis, all occurring after 1954 
[13]. In the 1960s, increased reports of fungal myocarditis in cancer 
patients particularly haematological malignancies emerged [14,15]. 
Fungal infection of the heart accounted for up to 32% of the total 
cardiac infection in patients with acute leukaemia [15]. Reports of cases 
of fungal cardiac diseases also increased in patients with HIV/AIDS, 
which ranged between 25% and 75% [16-18].

Predisposing factors

Immune deficiency: The main factors contributing to the rise of 
fungal infection include: (i) an increase in the incidence of diseases 
causing immune dysfunction; and (ii) an increase in the medical use 
of a broad range of antibiotics, cardiac surgery and intravenous use 
of drugs [2,4,7,8]. In particular, two chronic conditions – cancer and 
HIV/AIDS – have greatly contributed to the increase in the numbers 
of immunocompromised patients. In the 1950s, clinicians began 
to recognize a marked increase in the incidence of fungal disease 
particularly among hospitalized cancer patients [14,19-21]. In 1946, 
prior to the use of chemotherapy, Craig and Farber [19] did not 
detect any case of fungal disease in the autopsy of cancer patients at 
their institution. However, after 1953, they detected disseminated 
fungal disease in 7.4% of 175 paediatric patients with leukaemia 
undergoing cytotoxic and hormonal therapies. In 1955, Zimmerman 
[20] discovered fungal pathogens that were rarely observed in healthy 
individuals (such as candidiasis, aspergillosis, cryptococcosis, and 
mucormycosis) were causing significant disease in cancer patients and 
associated these mycoses with the use of chemotherapy. In 1962, Baker 
[22] singled out leukopenia (defined as decreased number of leukocytes 
in the peripheral blood) as the primary predisposing factor for fatal 
outcomes in cancer patients diagnosed with invasive fungal infection. 

Besides cancer, the epidemic of HIV/AIDS also resulted in a large 
and unprecedented numbers of immunocompromised individuals. 
Disseminated fungal infections are relatively frequent in HIV/AIDS 
patients: Cryptococcosis affects 6% to 8% of HIV patients in the United 
States and up to 30% of HIV patients in developing countries [23-25]. 
HIV patients are also at an elevated risk for severe infection by Candida, 
Aspergillus, Histoplasmosis, Coccidioides, and Blastomycosis [26-30]. 
Other predisposing conditions to disseminated fungal infection include 
tuberculosis [31] and primary metabolic disorders such as Cushing’s 
syndrome and diabetes mellitus [32].

Modern therapy: Increased utility of a broad-spectrum of 
antibiotics and advancements in prophylactic and therapeutic 
medical procedures in the care of critically ill patients has increased 
susceptibility of patients to fungal pathogens. As early as in 1950, 
Zimmerman observed an association between antibiotic use and 
increased susceptibility to disseminated fungal disease [33] later 
confirmed by several other studies [34-38]. Other major predisposing 
factors to severe fungal disease include prolonged (> 4 weeks) 
corticosteroid therapy, intravenous drug use, surgery, bone marrow 
transplantation and invasive medical procedures, prolonged stay (> 7 
days) in the intensive care unit, and newer immunosuppressive agents 
[8,24,39-41]. There are also reports of the presence of fungal infection 
in immunocompromised patients without signs and symptoms of 
conditions associated with immunocompromised status [42,43]. 
Technological advancements in the care of critically ill patients 
including very low birth weight infants are common trends in well-
equipped clinical facilities. These advancements increase infant and 
patient survival rates while increased use of prophylactic antibiotics, 
prosthetic devices, hyper-alimentation and organ/bone marrow 
transplant predispose patients to a variety of fungal infections [6]. 
Reported cases of Candida infection in neonates and outbreaks in 
neonatal intensive care unit are increasing. Other non-medical factors 
such as newer land use activities, travel, and commerce may promote 
the emergence of fungal infection in immunocompetent individuals 
who were previously unexposed to fungal infection [6].

Fungal pathogens (Disease)

Fungal infection can be primary (infecting healthy individual 
previously unexposed to endemic fungi) or opportunistic (infecting 
immunocompromised individuals). Primary infections have a 
favourable prognosis while opportunistic infections have an ominous 
prognosis with higher mortality rates. The most frequently diagnosed 
opportunistic invasive fungal infection of the myocardium are 
those due to Candida, Aspergillus and Cryptococcus [44]. Others are 
dimorphic fungi such as Histoplasma, Blastomyces and Coccidioides [1]. 
These fungi are ubiquitous, usually acquired from host surroundings 
(Cryptococcus neoformans, Aspergillus fumigatus) or are components 
of the normal endogenous flora (Candida albicans) [45]. The mortality 
of the infected patients remains unacceptably high even after intensive 
antifungal therapy attributed to the patient’s immunodeficiency, belated 
diagnosis or fungal disease resistance [46].

Candida (Candidiasis)

The genus Candida includes more than 200 ascomycetous yeasts 
with Candida albicans believed to be the major opportunistic fungal 
pathogen in humans. Candida can colonize the skin and mucosal surfaces 
of healthy people and occurs commensally in the gastrointestinal tract, 
oral cavity and vagina causing superficial infections [47]. Candida can 
enter the bloodstream by direct penetration via damaged epithelial 
tissue or by dissemination from biofilms formed on medical devices 
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introduced into the patient’s body such as catheters, dental implants, 
endoprostheses, artificial joints or central nervous system (CNS) shunts 
[47,48]. In the blood, Candida disseminate with the circulation and can 
infect multiple body organs including lungs, kidney, heart, liver, spleen 
and/or brain causing fungemia and life threatening septicaemia. Cardiac 
candidiasis occurs as a consequence of disturbed balance between 
host immunity and opportunistic Candida infection [46] Cardiac 
candidiasis is not only the consequence of immunodeficiency of the 
host but also the ability of Candida to adapt to new niches dependent 
on the expression of infection-associated genes [49]. These genes, and 
their products, contribute to fungal pathogenicity and are described as 
virulence factors. In the case of Candida, the major virulence factors 
are the production of different hydrolytic enzymes and adhesins. Other 
factors influencing virulence include the ability to form biofilms on 
various surfaces, to change morphological form and to switch between 
various phenotypes [50].

Although published evidence on Candida CM are conspicuously 
lacking, research reports on Candida MC provide a valuable insight 
into the incidence, pathophysiology and diagnosis of Candida CM 
since it is a sequela of myocarditis. The association of Candida infection 
with fungal MC and its sequela, dilated cardiomyopathy (DCM) with 
immunodeficient patients is relatively recent. Prior to the routine use of 
cytotoxic and immunosuppressive medications, reports of myocardial 
candidiasis were rare [12,38]. In a review of 1402 autopsy cases of 
histologically confirmed MC, Gore and Saphir [51] did not find any case 
of candidal cardiac involvement. In the 1960s, autopsy studies identified 
a significant increase in the incidence of cardiac candidiasis in cancer 
patients [14,52]. In 1968, autopsy analysis of 420 hearts of patients who 
died of acute leukaemia, 1.4% (n=6) had Candida MC [15]. Another 
autopsy study on 85 cancer patients with disseminated candidal 
infection performed in 1978 found 20% (n=17) had Candida MC 
including other organs involvements such as kidneys, gastrointestinal 
tract, lungs, liver and CNS in a majority of the patients [53]. Detection 
of Candida myocardial abscesses is based on microscopic evidence of 
the presence of numerous pseudohyphal and yeast forms involving 
tissues with central zones of necrotic cardiomyocytes and mononuclear 
infiltrates [21,15,53]. The extent of inflammatory reaction varied based 
on the immune status of the patient, with the absence of neutrophils 
and dense fungal growth occurring in patients receiving high doses 
of cytotoxic or immunosuppressive agents compared to intense 
inflammatory reaction with fewer organisms in patients not taking 
these medications [13,54].

Disseminated Candida infection resulting in myocardial infection 
are also common in patients who have undergone surgery. In autopsy 
analysis of 14 surgical patients, 13 had evidence of disseminated 
Candida infection with MC. All the 13 patients had central venous 
catheters, 12 had undergone major surgical procedures, and all received 
multiple antibiotics. Multiple organs (kidney, brain and eyes) were 
involved in a majority of patients [55]. In a review of autopsies between 
1959 and 1974, 50 patients had evidence of disseminated Candida 
infection. These patients had significant medical illness (malignancy, 
autoimmune disorders and/or bacterial infection), had recent surgical 
procedures (25) and received antibiotics (27), corticosteroids (16) and 
antineoplastic drugs [9]. Of the 50 patients with systemic candidiasis, 
62% had histological evidence of Candida MC, in whom myocardial 
abscesses varied in size and number and inflammatory reactions 
ranged from complete lack of inflammation to acute suppuration 
with coagulative necrosis of cardiomyocytes [54]. Walsh et al. [13] 
identified 34 patients with fungal MC at autopsy and Candida infection 

accounted for 71% of the patients. Pathologic findings ranged from 
micro abscesses to grossly visible lesion and necrotic myocardium. Risk 
factors included chronic antibiotic therapy, gastrointestinal surgery or 
corticosteroid administration. In two separate autopsy analyses of 8,975 
and 3,601 patients, 18 and 15 patients respectively had Candida MC 
with the involvement of the kidney and/or the brain. Risk factors were 
medical use of antibiotic, antineoplastic, or steroid therapy [56,57]. 

The pathogenesis of Candida infection of the myocardium and the 
development of MC or DCM remains an understudied topic. Direct 
extension of the valvular candidal vegetation into the myocardium has 
been proposed as well as discrete myocardial abscesses corresponding to 
haematogenous seeding. Myocardial abscesses can extend and involve 
the endocardium or the pericardium [58,57]. Clinically, Candida 
myocardial infection is frequently asymptomatic. Electrocardiographic 
(ECG) abnormalities are common but they are non-specific because 
they are not significantly difference from those of other critically ill 
patients without MC or from patients with candidiasis without cardiac 
infection [53,56,59]. Franklin et al. [54] evaluated 31 patients with MC 
and found ECG evidence of conduction perturbations, supraventricular 
arrhythmias, QRS abnormalities consistent with myocardial infarction, 
and significant T-wave abnormalities. ECG evidence of a complete 
atrioventricular block in a patient with acute myelomonocytic 
leukaemia with C. albicans in the HIS bundle has also been described 
[60].

Aspergillus (Aspergillosis)

Aspergillus is an ascomycetous saprophytic and ubiquitous fungus 
responsible for moulding. It is found worldwide and are abundant in 
the environment. Airborne Aspergillus are inhaled by everyone because 
of their high concentration as well as are frequently present in food 
especially pepper and tea, in tap water, at home and in office rooms, 
which explains its high prevalence in community acquired infection 
particularly in the immunocompromised and immunocompetent 
individuals [46,61]. Patients with severely compromised immunity may 
contract life-threatening invasive pulmonary disease or disseminated 
infection. A high mortality rate (60% to 90%) is correlated with late 
diagnosis and relatively poor knowledge about fungal pathogenicity 
and virulence factors [62,63]. However, the pathogenic role of some 
features of Aspergillus believed to be putative virulence factors including 
heat tolerance, adhesins, pigment production, toxic metabolites 
and extracellular enzymes that evolved as fungal protection against 
adverse environmental conditions remains unclear [64]. The functions 
and character of the putative virulence factors of Aspergillus are still 
under investigation but it is believed there is a substantial cooperation 
between these factors, many of which are regulated by genes. Thus, it is 
not possible to indicate clearly, which of these factors contribute to the 
mechanism of pathogenesis [46]

Despite the lack of a complete understanding on the mechanism of 
Aspergillus infection in the myocardium and the development of MC 
and/or CM, accumulating evidence suggests it may be an important 
aetiology of FCM. Disseminated disease after invasive Aspergillus 
infection is prevalent in immunocompromised patients and associated 
with an unacceptably high mortality rate of up to 84% [65,66]. 
Aspergillus myocardial infection is relatively recent. In a 1942 review of 
medical literature on MC [67] and 1947 autopsy analysis of 1402 cases 
of MC [51], there were no reported cases of Aspergillus CM. Since the 
1950s, numerous reports of cases of invasive Aspergillus infection with 
myocardial involvement and MC have emerged [13-15,41,58,,68,69]. 
The increase in the cases of invasive Aspergillus infection of the 
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myocardium correlate with the frequent use of chemotherapy drugs, 
immunomodulators, antibiotics and invasive procedures [8,46]. The 
initial recognition of leukopenia as the primary cause of fatal Aspergillus 
infection was in 1962 [22]. Subsequent studies confirmed this finding – 
prolonged granulocytopenia due to intensive chemotherapy [70,71] and 
increased incidence of severe aspergillosis in cancer patients [72,73].

Typical histological appearance of Aspergillus myocardial infection 
is abscesses (focal or diffuse) containing septated hyphae associated 
with necrosis and infarction [13,74-76]. Other common pathological 
features include mycotic thrombosis of cardiac vessels consistent 
with fungi predilection for vascular structures and neutrophilic 
inflammatory response but which may be absent in severe neutropenia, 
and hyphae may extend from the thrombosed vessels into the necrotic 
myocardium [13,73,76,77]. Risk factors for Aspergillus cardiac infection 
include cytotoxic drugs, immunosuppressive drugs, steroids, radiation, 
leukopenia, antibiotics, cardiac surgery particularly valve replacement, 
chemotherapy, corticosteroids and renal disease [58,76]. Aspergillus 
myocardial infection may be suspected in patients with endocarditis 
and HIV/AIDS patients. Aspergillus is the second leading cause of 
fungal endocarditis after candidiasis [68]. In 16 patients identified 
with Aspergillus MC, myocardial was involved in 10, myocardium and 
endocardium in five and myocardium and pericardium in two [57,58]. 
Although HIV/AIDS patients are at a higher risk for invasive Aspergillus 
infection, relatively few reports exist [8]. In 37 cases of invasive 
Aspergillus in AIDS patients, only 14% had myocardial infection [27].

The pathophysiologic mechanisms of Aspergillus infection and the 
development of CM maybe multifactorial but the exact mechanisms 
remain loosely understood. The main portals of entry for Aspergillus 
include respiratory tract, damaged skin or other wounds, the cornea and 
the ear. Infection via the gastrointestinal tract is possible but not clearly 
documented. A greater majority of the patients (80%) have pulmonary 
disease [65]. Myocardial infection by Aspergillus typically occurs 
by direct extension from the lungs. The fungi infects the pulmonary 
vessels, moves to infect the endocardium and subsequently involves 
the myocardium [73,78,79,80]. Infected cardiac valves have also been 
described as a possible point of entry for subsequent myocardial 
infection by Aspergillus [12]. Myocarditis occurs following seeding 
during fungemia [73]. Aspergillus mural endocardial or pericardial 
infection can occur in the setting of hyphal invasion from the rapture of 
myocardial abscesses by hematogenous seeding [8]. 

Diagnosis of myocardial infection by Aspergillus is a clinical 
challenge. Although extensive necrosis and infarction accompany 
Aspergillus myocardial infection, ECG findings may be absent of non-
specific [12,76]. Williams [76] found 15% of 39 patients with Aspergillus 
myocardial infection had ECG abnormalities consistent with ischemia 
or infarction. Aspergillus MC has been described in patients who died 
due to complications of arrhythmias and congestive heart failure [81]. 
Other pathological findings described in cardiac aspergillosis include 
lethal infarctions secondary to direct extension of myocardial abscesses 
into major cardiac vessels or by embolic seeding of coronary vessels 
with thrombus formation and invasion of myocardial tissue, and 
involvement of conduction system resulting in heart block and death 
[82,83]. 

Cryptococcus (Cryptococcosis)

Cryptococcus is a saprophytic, basidiomycetous, dimorphic fungus 
(can turn into yeast cells or into dikaryotic hyphae) [46]. Virtually all cases 
of cryptococcosis are due to Cryptococcus neoformans (C. neoformans) 
and its closely related species, Cryptococcus gattii. C. neoformans has a 

worldwide distribution since it occurs in soil and avian habitats. The 
main portal of entry in humans is inhalation of airborne organisms 
into the lungs [1]. C. neoformans was first identified in the 1950s as 
an opportunistic fungus pathogen causing disease in individuals using 
steroid [39,84,85] or those with lymphoproliferative disorders [86]. 
Inhaled Cryptococcus disseminated through the respiratory tract to 
cause pulmonary infections, and subsequently, due to C. neoformans 
predilection for CNS, the life-threatening meningoencephalitis 
both in immunocompromised and immunocompetent patients. 
If C. neoformans infection of the CNS is not cured, it is 100% fatal 
[46]. Disseminated C. neoformans infection is also fatal with cardiac 
involvement.

Prior to 1981, cryptococcosis was rare, with less than 1,000 cases 
reported in the United States [87]. Since the late 1980s, substantial 
escalations in immunosuppressive infections particularly HIV/AIDS, 
together with modern immunosuppressive and invasive medical 
interventions correlated with a significant increase in the incidences 
of cryptococcosis. In support, Cryptococcus infections have been 
associated with patients with qualitative and quantitative defects in 
cellular immune functions, specifically in CD4+ lymphocytes [1]. 
Mortality rates in AIDS patients range from 15% to 20% in the United 
States and 55% to 70% in Latin America and Sub-Saharan Africa 
despite optimal treatment [88]. Cryptoccoccal infection has also been 
documented in 2.8% of patients who have undergone solid transplant 
with a mortality rate of 42% [89]. The most important virulence factors 
of C. neoformans are capsule production, melanin synthesis and the 
ability to grow at 37 degrees Centigrade [46,90].

Despite increased cases of cryptococcosis, reports of myocardial 
involvement is uncommon. The initial documentation of myocardial 
involvement was in 1956 [91]. Subsequent reports occurred in 1962 in 2 
cancer patients, and in 1965 in one patient with C. neoformans MC who 
developed CM, congestive HF, heart block and death in the absence of 
CNS involvement [92]. Other cases of C. neoformans MC were reported 
in a patient with end-stage cirrhosis and on steroids [13] and in patients 
with advanced AIDS disease [93,94]. The mechanisms underlying 
Cryptoccoccal infection of the myocardium and the development of 
CM remains unclear. However, pathologic characteristics of infection 
include the presence of yeast cells diffusely infiltrating the myocardium 
with minimal acute or chronic inflammation with may be foci of 
cardiomyocyte necrosis. Whereas overt myocardial manifestations are 
infrequent in AIDS patients with MC [69,95], ECG abnormalities and 
congestive HF associated with fatal outcomes have been documented 
[96].

Histoplasma (Histoplasmosis)

Histoplasma capsulatum is a dimorphic fungus transmitted by the 
inhalation of spores. First described in 1906 [98], today, it is the most 
prevalent cause of fungal respiratory infection affecting approximately 
500,000 individuals annually in the United States [99]. Infection occurs 
during daily activities in areas where the fungus is endemic or in the 
course of occupational and recreational activities that disrupt the soil or 
accumulated dirt in old buildings, on bridges and in caves where bats have 
roosted [100]. Prior to the 1980s, myocardial infection by Histoplasma 
was infrequent and mostly encountered in cancer patients [101-104]. 
Since then, several cases of Histoplasma MC have been identified 
during autopsy analysis in AIDS patients [95,105,106]. Today, severe 
histoplasmosis is more common in the setting of immunodeficiency, 
in particular, in patients with malignancy or AIDS [20,26,27,107]. 
Histoplasma is the third common cause of fungal MC after Candida 
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and Aspergillus [68]. MC occurs by hematogenous dissemination 
[108-110]. Although its pathophysiology is not clear, pathological 
features may include Histoplasma granulomas containing numerous 
macrophages filled with yeast cells with substantial destruction of 
adjacent myocytes [109]. However, in AIDS patients, histocytes with 
intracellular yeast cells may be present between myocardial fibres 
with minimal inflammation in the absence of granuloma formation 
[105,111]. In most cases, clinical manifestation is asymptomatic with 
non-specific ECG changes and cardiomegaly [110].

Blastomyces (Blastomycosis)

Blastomyces dermatitidis is an endemic thermally dimorphic 
fungus that causes Blastomycosis, a disease that is predominant in 
North America. The fungus is ubiquitous, living in the environment 
particularly in moist soils and decomposing matter such as wood and 
leaves. The main portal of entry in humans is inhalation of airborne 
microscopic fungal spores often after participating in activities that 
disturb the soil [112]. Less commonly, Blastomyces may enter human 
host through direct cutaneous inoculation via a penetrating outdoor 
injury, a laboratory accident or even the bite of an infected dog [113]. 
Human immune system (phagocytic actions of alveolar macrophages 
in the lung) provide natural resistance to conidia of the Blastomyces 
inhibiting its transformation to the pathogenic yeast form. Proliferation 
of the yeast form in the alveoli (failure of the natural resistance to 
Blastomyces) leads to lymphohematogenous dissemination with 
foci of infection potentially spreading to any organ system including 
genitourinary, the CNS and less commonly the myocardium [113,114].

Myocardial involvement in disseminated infection by Blastomyces 
is uncommon. The first case of disseminated infection of Blastomyces 
accompanied by myocardial involvement was in 1904 [115]. Since 
then, many several cases of myocardial infection due to hematogenous 
seeding have been reported [9,117]. Myocardial and endocardial 
infection can co-occur in disseminated infection by Blastomyces. 
Endocarditis secondary to direct extension from a pulmonary or 
mediastinal blastomycotic lesion have been described with associated 
myocardial abscesses [9,117,118]. Immunodeficient individuals are 
at increased risk of disseminated blastomycosis. Advanced HIV 
infection predisposes patients to severe blastomycosis and cases of 
disseminated blastomycosis with myocardial involvement have been 
described [119,120]. Characteristic pathological findings associated 
with Blastomyces infection include granulomas with central caseation 
surrounded by giant cells containing B. dermatitidis yeast cells 
[117,121]. Myocardial infection may be asymptomatic but impaired 
cardiac function has been described [117].

Coccidioides (Coccidioidomycosis)

Coccidioides is the oldest and the most virulent of the primary fungal 
pathogens in humans caused by two distinct species (Coccidioides 
immitis and Coccidioides posadasii). Presentation of disease, diagnosis 
and treatment do not appear to differ between the two species [122]. 
Coccidioides is dimorphic fungus with saprophytic and parasitic 
phases, and its infection causes coccidioidomycosis. It grows in soil 
as mycelia eventually bearing arthroconidia, the infectious propagule 
[123]. Humans acquire infection from the environment by inhalation of 
airborne arthroconidia from disturbed soil. In the laboratory cultures, 
Coccidioides grows as extremely infectious mycelial form, which may 
be hazardous to laboratory workers [124]. Inhaled conidia initiates a 
respiratory infection. In immunocompetent individuals, the infection 
is self-limiting but in immunocompromised individuals, pregnant 
women, solid-organ transplant patients, individuals of African 

descent, the infection can disseminate and cause life-threatening 
conditions. Of the deep mycoses, coccidioidomycosis is the least 
responsive to treatment [123]. Coccidioidomycosis can also occur in 
immunocompetent individuals but the disease is largely self-limiting 
[124].

Symptomatic disseminated Coccidioides infection beyond the 
lungs is uncommon, infecting less than 1% of primary pulmonary 
infection [122]. Dissemination is the result of fungemia occurring 
after the initial respiratory infection most commonly involving the 
skin, the bones or joints, and the CNS. Myocardial involvement is rare 
[122,124]. Autopsy studies indicate an incidence between 9% and 28% 
in patients with disseminated coccidioidomycosis and myocardial 
involvement [51,125,126]. Several cases of disseminated infection with 
spherules detected in the myocardium have been described [51,127]. 
Characteristic pathological findings in coccidioidomycosis include 
myocardial abscesses marked with central zones of necrosis containing 
spherules both inside and outside of multi-nucleated giant cells 
accompanied by a diffuse interstitial mononuclear cell infiltrate, and 
often organisms are absent in the inflammatory lesions [126]. Spherules 
have been isolated in the myocardium of AIDS patients suggesting they 
are at a high risk for hematogenous dissemination infection from C. 
immitis [26,27,128,129]. Coccidioidomycosis is an uncommon cause of 
fugal endocarditis with possible involvement of the mural endocardium 
and the underlying myocardium [108,126]. In coccidioidomycosis 
endocarditis, infection can occur due to hematogenous seeding of C. 
immitis [108]. Dyspnoea and non-specific ECG abnormalities have 
been reported in MC patients, which are also common in patients with 
primary pulmonary coccidioidomycosis [125,126,130]. Symptomatic 
co-occurring pericarditis may occur due to rupture of myocardial 
abscesses into the pericardial space [125,126,131].

Meta-analysis of diagnosis/management

The aim of this systematic review and meta-analysis is to determine 
the prevalence, risk factors, diagnostic methods and treatment options 
for patients with FCM. A systematic online search for studies on the 
prevalence, diagnosis and management of FCM was performed on 
PubMed, EMBASE and Cochrane from inception to April 2019. To avoid 
overlooking studies that did not mention FCM in the title or abstract, 
the first 200 relevance-ranked articles retrieved with a full-text Google 
Scholar search were included. There was no restriction on publication 
time or language. Additional studies were retrieved from a manual review 
of the included studies and review articles. The search criteria included 
population of interest (patients with invasive fungal infection of the 
myocardium), diagnostic tests (histopathological, culture, microscopic, 
ECG and imaging) and clinical intervention methods (prophylactic and 
curative, pharmacological and non-pharmacological). Studies excluded 
included conference abstracts, case reports and review articles. In total, 
the online and manual search retrieved 325 articles. After a review of 
title, abstract and full-text, twenty-two (22) studies were included in 
this systematic review and meta-analysis [13,52,58,130,132,149]. The 
studies were published between 1955 [130] and 2017 [149], a period 
sufficiently large to provide valuable insights into the development of 
fungal infection and treatment overtime. Table 1 provides a summary 
of the main characteristics of the included studies.

Findings

Pooled-analysis: The 22 studies included in this systematise 
review and meta-analysis comprised of nine (41%) autopsy studies 
[13,52,58,132-136,143], seven (32%) retrospective studies [138,144-
149], five (23%) prospective studies [130,137,139,141,142], and one 
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First author 
(year) [Ref #] Study design Patient type 

(No.)
Fungal 
pathogens (No.)

Diagnostic 
methods Risk factors Treatment strategy Summary of the main findings

Tudbury (1955) 
[130] Prospective

Pulmonary 
coccidiosis with 
chest pain (20)

Coccidioides ECG NR
Bed rest; 
acetylsalicylic acid 
for pain

ECG may be useful in differentiating MI 
& pericarditis from pulmonary coccidiosis 
with chest pains. 

Blankenhorn 
(1956) [132] Autopsy Myocarditis (77) NR

ECG (records); 
microscopic; 
histological

NR NR ECG abnormalities are common in cardiac 
infection by fungi

Gruhn (1963) [52] Autopsy Leukaemia/ 
lymphoma (48)

Candida (19); 
Aspergillus (8); 
Cryptococcus (2)

histopathology; 
fungal culture

Type of Leukaemia 
(granulocytic, 
lymphocytic, 
monocytic)

Chemotherapy

Leukaemia imposes a greater risk than 
lymphoma for invasive fungal infection. 
Increase in Candida and Aspergillus 
infection correlate with modern therapy

Walsh (1980) [13] Autopsy Cardiac fungal 
infection (50)

Candida (34); 
Aspergillus (13); 
Cryptococcus (3)

Microscopic; 
histopathology; 
fungal culture

Surgery (27); 
Corticosteroids, 
antineoplastic or 
antibiotic (43)

Corticosteroids; 
antineoplastic; or 
antibiotic

Fungal MC may be difficult to diagnose 
despite therapeutic interventions has an 
ominous prognosis

Atkinson (1984) 
[58] Autopsy Cardiac fungal 

infection (60)

Candida (37); 
Aspergillus (11); 
Cryptococcus (2)

Medical records, 
histopathology; 
microscopic

Surgery (15); Neoplasm 
(13); IV drug (2); GI 
(5); immune disease (4)

Antibiotics; 
antineoplastic, 
corticosteroids; 
chemotherapy; 
antifungal

Patients with prior antineoplastic drugs, 
antibiotics or corticosteroids have a higher 
incidence of fungal myocarditis

Chinen (2007) 
[133] Autopsy Cardiac fungal 

infection (50)

Candida (36); 
Aspergillus (9); 
Cryptococcus (1)

Medical records, 
histopathology; 
microscopic

Neoplasm (23); 
hematologic (10); renal 
disease (7); liver disease 
(5); DM (5)

Antibiotics; 
corticosteroids; 
antineoplastic; 
antifungal

Increasing incidence of non-candidal 
fungal infection over time, and a need to 
define diagnostic & therapeutic strategies 
for non-candidal infection.

Larbcharoensub 
(2007) [134] Autopsy Invasive fungal 

infection (155)

Candida (80); 
Aspergillus (88); 
Cryptococcus (5); 
Histoplasma (1)

Medical records, 
histopathology; 
microscopic

Hematologic 
malignancies (48), 
severe immune disease 
(1)

Corticosteroids

A diagnosis of invasive fungal infection 
requires a high index of suspicion, 
especially in immunocompromised 
patients who presented with prolonged 
fever. 

Uppin (2011) 
[135] Autopsy Fungal infection 

[35] Aspergillus (18)
Medical records, 
histopathology; 
fungal culture

Leukaemia (7); steroids 
(1); prolonged antibiotic 
(3)

NR
Existing diagnostic modalities are not 
sensitive to ensure ante mortem diagnosis 
of fungal infections

Lewis (2013) 
[136] Autopsy

Haematological 
malignancies 
(371)

Candida (31), 
Aspergillus (23)

Histopathology; 
fungal culture Leukaemia, lymphoma Corticosteroid, 

chemotherapy

IFIs remain a common infection in 
haematological malignancies patients but 
with decreasing prevalence

Gupta (2016) 
[137] Prospective ICU patients with 

IFI (52)
Candida (42), 
Aspergillus (10) Fungal culture

Tracheostomy, parental 
nutrition, central venous 
line, urinary catheter, 
mechanical ventilation, 
prior antibiotic

NR

Fungal infections have high mortality 
rate; the importance of ICU surveillance 
to document distribution, susceptibility 
patterns and guide treatment

Shen (2007) [138] Retrospective IFI in AIDS 
patients (35)

Candida (31); 
Cryptococcus 
(10)

Fungal culture CD4+ T-lymphocyte 
counts <100 cells mm-3 

Antiretroviral; 
antifungal therapy

IFI is a common opportunistic infection in 
AIDS patients with low CD4+ count with 
Candida being the most prominent

Wadhwa (2007) 
[139] Prospective

Symptomatic 
AIDS-related 
opportunistic 
mycoses (60)

Candida (16); 
Aspergillus (5); 
Cryptococcus (7); 
Histoplasma (2)

Medical history; 
fungal culture Low CD4 count NR Various fungal infections correlated well 

with the mean CD4 counts. 

Badiee (2009) 
[140] Cross-sectional

Immuno-
compromised 
patients with IFI 
(310)

Candida (178); 
Aspergillus (19); Fungal culture Solid organ transplant

Chemotherapy, 
antibiotic, antifungal 
therapy

Immunocompromised patients should 
be checked weekly by molecular assays 
early diagnosis or exclusion of fungal 
infections.

Kaur (2016) [141] Prospective
AIDs patients 
with fungal 
infection (280)

Candida (141); 
Aspergillus (5); 
Cryptococcus (5)

Fungal culture Low CD4 count NR

Candidiasis is a common infection in HIV/
AIDS patients and clinician awareness 
is important for early diagnosis and 
treatment.

Viscoli (1999) 
[142] Prospective Cancer patients 

with IFI (245) Candida (121) Fungal culture

Bone marrow 
transplant, antifungal 
and antibiotic therapy, 
septic shock

Antifungal; 
antibiotic

Risk of candidemia in cancer patients 
increases with allogeneic bone marrow 
transplantation, septic shock, and lack of 
antifungal prophylaxis

Chamilos (2006) 
[143] Autopsy

IFI in hematologic 
malignancies 
patients (179)

Candida (28); 
Aspergillus (17)

Medical records; 
histopathology GvHD; neutropenia NR

Current diagnostic methods so not capture 
well the epidemiology of IFI in severely 
immunocompromised patients. The 
prevalence of mold infection is increasing

Pagano (2006) 
[144] Retrospective

IFI in hematologic 
malignancies 
patients (538)

Candida (175); 
Aspergillus (310); 
Cryptococcus (8)

Medical records 
review

Types of hematologic 
malignancies

Chemotherapy; 
antifungal

Hematologic malignancies predispose 
patients to IFI particularly Aspergillus and 
Candida with a high rate of morbidity and 
mortality

Degregorio (1982) 
[145] Retrospective

Leukemia on 
chemotherapy 
(32)

Candida (24); 
Aspergillus (14); 
Cryptococcus (1)

Medical records 
review

Severe neutropenia, 
refractory to antibiotics

Chemotherapy; 
antifungal

Leukaemia patients on chemotherapy are 
at risk of invasive Candida and Aspergillus 
infection with multiple organ involvement

Table 1: Characteristics of the included studies
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First author 
(year) [Ref #] Study design Patient type 

(No.)
Fungal 
pathogens (No.)

Diagnostic 
methods Risk factors Treatment strategy Summary of the main findings

Martino (2002) 
[146] Retrospective

Allogeneic 
PBSCT recipients 
(46)

Candida (12); 
Aspergillus (32)

Medical records 
review

Steroid prophylaxis; 
post-transplant GvHD

Antifungal; steroid 
prophylaxis

Aspergillosis is common after PBSCT 
with increased risk with the use of steroid 
prophylaxis and GVHD

Harrison (2015) 
[147] Retrospective Allogeneic HSCT 

recipients (28)
Candida (7); 
Aspergillus (18)

Medical records 
review

Intensive, immuno-
suppressive 
therapy; GvHD; 
transplant associated 
microangiopathy

Antifungal 
prophylaxis, 
immune-therapy

Intensified immunosuppressive therapy 
and transplant associated microangiopathy 
are significant risk factors for IFDs in 
HSCT patients

Shi (2015) [148] Retrospective Allogeneic HSCT 
recipients (92)

Candida (50); 
Aspergillus (32)

Medical records 
review

HLA mismatch; 
neutropenia; GvHD; 
corticosteroid, 
cytomegalovirus

Corticosteroid; 
antifungal 
prophylaxis

Prior history of IFI, HLA mismatch, 
neutropenia, and acute GVHD and 
corticosteroid therapy are risk factors.

Patel (2017) [149] Retrospective Renal transplant 
recipients (30)

Candida (16); 
Aspergillus (11)

Presentation, 
radiological, 
histological

Triple immune-
suppression, prolonged 
antibiotics > 2 weeks, 
and diabetes

Immuno-
suppression, 
antifungal 
prophylaxis

IFI is rare in renal transplant but 
associated with increased morbidity and 
mortality.

CMV: Cytomegalovirus; GvHD: Graft-versus-Host Disease; HLA: Human Leukocyte Antigen; HSCT: Hematopoietic Stem Cell Transplantation; IFI: Invasive Fungal Infection; PBSCT: 
Peripheral Blood Stem Cell Transplantation

(4%) cross-sectional study [140]. In total, 2,793 patients with confirmed 
fungal myocardial infection accompanied by signs and/or symptoms of 
cardiac dysfunction were included. The patients were relatively young 
(mean age = 41.5; range = 29 to 51 years) and predominantly male 
(93.5%). Individual studies included different patient populations with 
potential immunodeficiency. Cancer patients (50.6%; n=1,413) in six 
studies [52,136,142-145]; AIDS patients (24.5%; n=685) in four studies 
[138-141]; CFI patients (12.5%; n=350) in five studies [13,58,133-
135]; graft recipients (7.0%; n=196) in four studies [146-149]; and in 
one study each, MC patients (2.8%; n=77) [132]; ICU patients (1.9%; 
n=52) [137]; and pulmonary Coccidiosis with chest pains (0.7%; n=20) 
[130]. The prevalence of myocardial fungal infection is relatively low. 
A pooled analysis of eleven (11) studies [52,132,135-138,144,146-149] 
that reported fungal infection of the myocardium in patients with 
disseminated fungal disease, and in immunocompromised patients 
(cancer, AIDS and graft recipients) indicated a prevalence of 11.9% 
(95% CI: 6.0% to 22.2%). 

Although many fungal pathogens can infect the myocardium 
and cause cardiomyopathy, only three species have been extensively 
mentioned: Candida, Aspergillus and Cryptococcus. Of the three, 
Candida is the most dominant fungus pathogen infection the 
myocardium in the setting of disseminated infection. In a pooled 
analysis of 19 studies [13,52,58,133,134,136-149], Candida myocardial 
infection was found in 1,078 out of 2,661 patients translating into 
47.8% of all the reported cases (95% CI: 38.1% to 57.6%) (Figure 1). 
The second most common fungus pathogen reported in 18 studies 
[13,52,58,133-137,139-141,143-149] is Aspergillus, affecting 643 out 
of 2,416 patients translating into 24.4% (95% CI: 14.7% to 37.6%) of 
all the reported cases (Figure 2). Cases of Cryptococcus reported in 10 
studies [13,52,58,133,134,138,139,141,144,145] was found in 44 out of 
1,308 patients translating into 4.5% (95% CI: 2.0% to 9.6%) (Figure 3). 
Histoplasma infection was rare, reported only in two studies [134,139] 
infecting 3 out of 125 patients, about 1.9% (95% CI: 0.6% to 5.8%). 
Cases of Blastomyces infections were extremely rare, mentioned only in 
passing in two studies categorized as other fungus infection [58,148]. 
In general, myocardial infection by a fungus pathogen has an ominous 
prognosis, with pooled data from six studies [52,140,142,144,146,148] 
indicating 242 out of 1,279 deaths or a mortality rate of 30.9% (95% CI: 
20.8% to 43.2%; p=0.003).

Systematic review: The most dominant risk factor for cardiac 
fungal infection are diseases that disrupt the immune function. 
Cancer is the most common disease that has long been associated 

with cardiac fungal infection: neoplasm and hematologic malignancies 
[52,58,133,134,136,144] ad well as the type of hematologic malignancies 
[52,136,144]. Advanced HIV or AIDS is another important risk factor 
for cardiac fungal infection since the mid-1980s especially in individuals 
with low CD4+ T-lymphocyte counts (<100 cells mm-3) [138-141]. 
Corticosteroids, antineoplastic or antibiotic are also important risk 
factors [13,142,148]. Surgery, including cardiac surgery and solid organ 
transplant (graft recipient, and bone marrow and renal transplant) 
are also significant risk factors [140,142,148,149]. In addition to these 
general risk factors, ICU patients are at an increased risk of fungal 
infection due to tracheostomy, parental nutrition, central venous 
line, urinary catheter, mechanical ventilation, and prior antibiotic use 
[137]. Additional risk factors for graft recipients include GvHD, HLA 
mismatch, severe neutropenia, transplant-associated microangiopathy, 
cytomegalovirus, corticosteroid therapy, prolonged antibiotic use, and 
immunosuppression therapy [143,146-149]. 

Diagnosis of cardiac fungal infection remains a clinical challenge. 
Degregorio et al. [145] reports only 9 out of 32 patients (~28%) with 
acute leukaemia had confirmatory diagnosis ante mortem. Usually 
diagnosis confirmed post-mortem (autopsy or histopathological 
analysis). A review of medical records and fungal culture or microscopic 
analysis are common ante mortem diagnostic methods [137-142, 
144-148]. Although ECG abnormalities may be common, they are 
non-specific – inverted T-waves and low QRS voltage [130], and non-
specific myocardial changes, bundle branch block and atrioventricular 
heart block [132]. Non-invasive imaging using either echocardiography 
or cardiac magnetic resonance imaging have not been evaluated in 
patients with FCM or cardiac fungal infection. Although treatment 
using antifungal therapy is advised in patients with cardiac fungal 
infection [138,140,144,145,148], their therapeutic efficacy has not been 
demonstrated in randomized clinical trials, and their value in FCM 
patients remains unknown. Treatment for underlying diseases (cancer, 
graft recipients, AIDS) such as chemotherapy, antiretroviral and 
immunosuppression therapy are known risk factors for cardiac fungal 
infection and should be used cautiously. 

Discussion
The present meta-analysis and systematic review purposed to 

evaluate diagnostic and clinical management methods for FCM. 
However, the search for studies revealed FCM is a grossly under-
researched aetiology of CM relative to viral, bacterial and parasitic 
aetiologies. The revelation is consistent with Head et al. [5] findings 
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Figure 1: Forest plot for event rate of candida infection

Figure 2: Forest plot for event rate of aspergillus infection
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Figure 3: Forest plot for event rate of cryptococcus infection

that fungal infection is the least funded infectious disease research in 
the UK. Furthermore, research on immunology and infectious diseases 
by Welcome Trust (U.K charitable organization), the U.K. Medical 
Research Council and the U.S. National Institutes of Health allocated 
only 1.4% to 2.5% to medical mycology [1]. Despite a paucity of 
studies, data from patients with cardiac fungal infection with signs and/
or symptoms of cardiac dysfunction assisted in providing a valuable 
insight into the major fungal pathogens causing FCM, risk factors, 
diagnosis and treatment. The present meta-analysis finds FCM affects 
~12% of immunocompromised patients with disseminated fungal 
infection. The three most prevalent fungal pathogens responsible 
for FCM are Candida (47%), Aspergillus (24%), and Cryptococcus 
(5%). Other fungus species such as Histoplasma and Blastomyces are 
extremely rare aetiologies of FCM, usually mentioned as other causes in 
a majority of studies. Cardiac fungal infection is potentially lethal, with 
a mortality rate of ~31%, which should encourage research interests 
into disseminated fungal infection with cardiac involvement. 

Prevalence

The incidence of cardiac fungal infection has been rare up until 
the 1960s [8]. In the present meta-analysis, the incidence of 12% is due 
primarily to a rise in immunocompromised patients, and secondarily 
due to modern treatment. The low incidence of cryptococcosis, 
histoplasmosis coccidioidomycosis and blastomycosis suggests they are 
not causally correlated with modern therapy. In contrast, the marked 
increased in the incidence of candidiasis and aspergillosis appears 
to be causally associated with modern therapy and the increase in 
immunocompromised patients. The correlation between increasing 
fungal infection and the rise in immunodeficient patients is consistent 
with current literature on medical mycoses. Fungi are opportunistic 
pathogens that exploit defects in the immune system and cause diseases 
in many sites and settings [150]. General risk factors for invasive 
fungal infection are exposure to pathogens and an immunologically 
impaired host such as patients infected with HIV, those taking chronic 
systemic steroids or transplant recipients. Contaminated devices such 
intravenous drug use, catheters, prostheses are other potential clinical 
sources of invasive fungal infection [150]. 

Candida continues to be the most frequent cause of cardiac fungal 
infection, mainly in transplant recipient patients (implanted with 
foreign bodies). Candida creates a protective barrier over their colonies 
as they are established. The exopolymeric nature of the biofilm limits the 
access of antifungal agents to the pathogens, decreasing the possibility 
of a cure when the foreign body still resides within the patient. The 
filtering effect of the biofilm, varying fungal colony growth rate and 
the ability to excrete antifungal from the colony within the film could 
be key factors in the persistent Candidal infection despite adequate 
antifungal levels [151]. Although Candida is the most frequent cause of 
invasive fungal infections in most patients populations, prophylaxis and 
widespread use of antifungal drugs as empiric therapy for neutropenic 
fever is influencing a shift in the epidemiology of Candidal infection. 
Infection by Candida species other than C. albicans – C. glabrata, C. 
parapsilosis, C. tropicalis, C. krusei, and C. lusitaniae are becoming more 
prevalent relative to C. albicans [152]. 

Aspergillus is the second most common fungal pathogen causing 
invasive fungal disease. Its prevalence may be increasing relative 
to Candida in some patient population. The efficacy of antifungal 
prophylaxis (fluconazole) in preventing Candida infection has 
been proven more than two decades ago [157] and thus the shifting 
epidemiology often requires using regimens that also cover Aspergillus 
[143]. Already in graft recipients – HLA-identical sibling PBSCT – non-
Candida invasive fungi infection especially Aspergillus infection has a 
higher number of cases: 32 versus 12 in 395 PBSCT patients [146] and 18 
versus 7 in 242 HSCT patients [147]. The risk factors for increased cases 
of Aspergillus infection in PBSCT include the use of steroid prophylaxis, 
the development of moderate to severe GvHD post –transplant [146], 
and in HSCT, patients included intense immunosuppressive therapy 
because of severe GvHD, transplant-associated microangiopathy 
while antifungal given during aplasia and post-engraftment associated 
with reduced risk [147]. In immunocompromised patients, increased 
cases of secondary candidiasis and aspergillosis may be attributed to 
damaged reticuloendothelial system due to leukaemia or aggravated by 
the use of cytotoxic drugs; alterations in the normal gastrointestinal and 
pulmonary microbiological flora by antibiotic therapy; and depression 
of tissue resistance by steroids [52]. While Candida and Aspergillus have 
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received a disproportionate research focus, there is need for studies on 
other fungal pathogens – Cryptococcus, Histoplasma, Blastomyces and 
Coccidioides – including their pathophysiology in cardiac infection, 
diagnosis and management.

Diagnosis: Confirmatory ante mortem diagnosis of invasive 
fungal infection of the heart is difficult with a greater proportion 
confirmed post-mortem. This may explain why a majority of 
the studies in this meta-analysis (41%) were autopsy analysis or 
diagnosis was confirmed by histopathological analysis [13,52,58,132-
136,143]. In the reviewed data, a significant proportion of patients 
with disseminated fungal disease (~12%) will develop myocardial 
infection. Establishing a definite diagnosis of invasive fungal infection 
of the myocardium in immunocompromised patients remains both 
challenging and time consuming but delayed initiation of antifungal 
treatment increases mortality. This has led to the strategy of initiating 
either empirical or pre-emptive antifungal therapy prior to the final 
diagnosis. However, emerging diagnostic procedures such as newer 
imaging techniques and non-culture methods, including antigen-
based assays, metabolite detection and molecular detection of fungal 
DNA from body fluid samples may improve diagnosis. The revised 
2012 IFI haematology and oncology guidelines by the Infectious 
Diseases Working Party of the German Society of Haematology and 
Oncology (AGIHO) recommends a combination of microscopy, 
mycological culture, antigen and antibody detection, molecular 
diagnostics, and non-invasive imaging [154]. However, current 
recommendations for diagnostic of IFI in cancer patients by the US 
Mycoses Study Group (MSG) and the Infectious Disease Group of 
the European Organization for Research and Treatment of Cancer 
(EORTC) [155] were developed more for use in clinical trials than in 
bedside decision-making [156]. 

Routine microbiological testing such as microscopy and 
mycological culture often fails to identify the infecting fungal 
pathogens [8]. Routine antigen and antibody detection is sometimes 
not recommended for Candida while routine Aspergillus antibodies 
may not recommended in patients with haemato-oncological 
malignancies. Molecular diagnostics methods such as PCR for 
detecting DNA from clinical specimen such as Aspergillus PCR are 
promising and display a high sensitivity and specificity Graded as A: 
good evidence to support recommendation by the AGIHO. However, 
since fungal PCR is neither standardized nor a widely available 
diagnostic tool, it is yet to be included as mandatory in the diagnostic 
guidelines. Thus, may be used in combination with other non-cultural 
tests such as antigen detection [154]. Myocardial involvement in 
fungal infection is often clinically silent. Clinical symptoms of 
dyspnoea may be attributable to concomitant pulmonary infection. 
Generally, ECG findings are not very helpful in detecting myocardial 
fungal infection [54,59,60]. Similarly, endomyocardial biopsy is 
insensitive in the diagnosis of cardiac involvement after fungal 
infection [157,158]. However, if a patient exhibits inflammatory 
response in cardiac tissues, analysis of the infiltrating cell type in 
the myocardium may be helpful. In majority of cases of infectiosum 
MC, T-lymphocytes and macrophages predominate while neutrophils 
are more common in fungal MC [157]. Echocardiography imaging 
particularly transesophageal echocardiography has had some success 
in detecting fungal MC in the presence of endocardial abnormalities 
[159,162]. Cardiac magnetic resonance (CMR) imaging particularly 
spin echo has been promising in detecting the presence of MC. CMR 
imaging may be useful in detecting MC in the setting of disseminated 
fungal disease with signs and/or symptoms of cardiac dysfunction 
[163,164].

Treatment: In the reviewed data, antifungal treatment is the 
mainstay of treatment of invasive fungal infection particularly in 
immunocompromised patients. Amphotericin B, fluconazole and 
itraconazole are the cornerstone of the treatment of invasive fungal 
infections [165]. In the present review, increased risk of fungal infection, 
it is a common standard clinical practice to administer empirical or 
pre-emptive antifungal therapy in febrile immunodeficient patients 
unresponsive to antibiotic therapy [166-169]. Current standard clinical 
practice recommends that all cases of disseminated Candida infection 
should be treated because of the potential of Candida to cause metastatic 
disease [170]. In oncology patients, primary antifungal prophylaxis is 
standard in the management of immunosuppressed oncology patients 
[170]. Antifungal prophylaxis for Candida decreases the incidence of 
serious candidiasis in premature infants and in AIDS patients [171-
174]. Liposomal amphotericin, with its reduced nephrotoxicity and 
infusion-related infections, improved the ability to treat patients with 
invasive fungal disease [165]. 

Voriconazole and caspofungin are recent addition to the 
medications licensed for the treatment of invasive fungal infections. 
Voriconazole has a broad spectrum and activity and is available 
both orally and parenterally, and may be suitable as a second-line 
therapy in selected patients, particular those with fungal infection 
that is non-responsive to first-line treatment. However, there is no 
evidence showing superiority of Voriconazole to either amphotericin 
B or itraconazole in the treatment of invasive Candida or Aspergillus 
infection. Caspofungin on the other hand is available intravenously 
only and appears to be better tolerated than amphotericin B. It inhibits 
the synthesis of the 1,3-betaD-glucan component of the cell wall 
in diverse pathogenic fungi, may increase the ability to treat fungal 
infections Presently, Caspofungin is used as a second-line treatment in 
patients with life-threatening invasive Candida or Aspergillus infection 
that is unresponsive to first-lien therapy [165]. More effective treatment 
regimens and more rapid institution of antifungal therapy is important 
to reduce the incidence and outcomes of disseminated fungal disease 
[8].

Implications

The reviewed data reveals FCM is an uncommon myocardial 
complication of disseminated fungal infection and a rare aetiology of 
infectious cardiomyopathy, and its impact on human health, grossly 
under-researched. The bulk of the current evidence on cardiac fungal 
infection comes from early autopsy studies published in the last half of 
the 20th Century, which have not capture the changing epidemiology 
of fungal infection and advancements made in medical technology 
including surgical, prophylactic and therapeutic interventions. 
Moreover, a majority of recent studies on invasive fungal infection 
have centred on general diagnosis and management of invasive fungal 
infection with only a brief commentary on cardiac involvement. The 
consequence of the lack of studies is belated diagnosis and relatively 
poor knowledge about fungal pathogenicity and virulence factors, 
which are key factors implicated in the ominous prognosis of FCM as 
well as its significant morbidity and mortality in affected patients. To 
appreciate the exact health burden of FCM, future prospective clinical 
trials should focus on evaluating the rate of dissemination, clinical 
findings and outcomes that will determine the current incidence of 
myocardial infection by fungi pathogens.

Diagnosis of myocardial fungal infection in the setting of 
disseminated fungal disease remains problematic. Even with the 
introduction of newer diagnostic methods including microbiological 
and radiographic into routine clinical practice, early diagnosis 
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remains challenging yet its key to effective treatment. Initially, autopsy 
analysis confirmed a majority of cases of cardiac fungal infection, 
with clinical and autopsy diagnosis differing by over 44% [175,176]. 
The difference has since reduced to 9% and even 0% in some hospital 
setting correlating with reducing research focus on autopsy analysis [8]. 
However, autopsy studies are still useful in assisting our understanding 
of the pathogenesis of fungal infection as well as continue to play 
an important role in identifying fungal disease. Prospective studies 
enrolling patients with fungal MC and FCM are warranted to facilitate 
development of better non-invasive imaging criteria for detecting 
fungal infection of the myocardium and cardiac dysfunction. Finally, 
studies on the effect of antifungal therapy on patients with fungal MC 
and FCM would improve management of these patients, who currently 
lack standardized treatment guidelines.

Conclusion
Invasive fungal infection in immunodeficient patients is 

potentially fatal but remains under-appreciated. A comprehensive 
understanding of invasive fungal infection and pathogenesis 
of cardiac involvement is not well documented as well as not 
properly understood largely because it is a grossly under-
researched aetiology of infectious cardiomyopathy relative to viral 
and bacterial aetiologies. However, with increasing populations of 
immunocompromised patients – those with cancer, HIV/AIDS, and 
those receiving immunosuppressive treatment, and bone marrow and 
solid organ transplants – the incidence of invasive fungal infection 
will continue to increase as well as interfere with the proven efficacy 
of current treatment in these patients. Fungal cardiomyopathy (FCM) 
is an uncommon myocardial infection in the setting of disseminated 
fungal disease associated with significant morbidity and mortality. Its 
main causative fungal pathogens are Candida and Aspergillus species 
although Cryptococcus, Histoplasma, Blastomyces and Coccidioides 
may also cause the disease. The main risk factors for developing 
FCM is immunodeficiency and modern medical therapy including 
transplant recipients and prolonged corticosteroids, antibiotics and 
immunosuppressive therapies. Diagnosis is complicated by absent or 
ambiguous clinical findings of myocardial involvement and usually 
negative blood culture tests. However, a combination of tests – 
microscopy, mycological culture, antigen and antibody detection, 
molecular diagnostics, and non-invasive imaging. Treatment for 
myocardial fungal infection is unclear, since it lacks standardized 
guidelines. However, prophylactic and therapeutic use of antifungal 
drugs is recommended for patients with invasive fungal infection. 
Current evidence on invasive fungal infection does not specifically 
focus on heart in particular myocardial involvement, and thus, the 
bulk of the evidence supporting the present discussion comes from 
either early autopsy studies, case reports as well as recent studies 
that focused on invasive fungal infection in general. The paucity of 
studies on FCM warrants future prospective studies that focus on 
fungal infections of the myocardium to refine the understanding 
of the pathogenicity of FCM including its diagnosis and clinical 
management.
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