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Tropical diseases (TDs), or neglected TDs, affect over 1 billion subjects globally, primarily in impoverished regions. Despite their impact, these dis-
eases are often overlooked on the global health agenda, with limited resources allocated to their control. TDs are caused by various pathogens,
including viruses, protozoa, helminths, and bacteria. Climate change and migration have led to the spread of TDs beyond tropical regions, highlighting
the need for healthcare providers worldwide to address their management. The World Health Organization has released a road map for the pre-
vention, control, and elimination of TDs by 2030. Cardiovascular involvement in TDs, including myocarditis, pericardial disease, pulmonary hyper-
tension, obstructions caused by cysts, myocardial ischaemia, and cardiomyopathies, complicates disease prognosis. However, cardiovascular
complications of TDs are often under-recognized and understudied. This scientific statement, prepared by the European Association of
Cardiovascular Imaging and the Cardiovascular Imaging Department of the Brazilian Society of Cardiology, reviews the current understanding of
the use of cardiovascular imaging in TDs, underscores gaps of knowledge, and proposes potential solutions. Although limited evidence is available,
cardiovascular imaging techniques are valuable in diagnosing and managing cardiac manifestations of TDs. The scientific statement addresses some of
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the main tropical infections today, such as dengue, malaria, schistosomiasis, and tuberculosis, but excludes Chagas disease and rheumatic fever, which
have been extensively covered in other documents. When used effectively, cardiovascular imaging can potentially aid in early diagnosis, prevention of
complications, and management of cardiovascular impairment due to TDs, improving healthcare systems and patient care.
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Introduction

Over 1 billion subjects worldwide are affected by tropical diseases (TDs),
commonly known as ‘neglected TDs'. These diseases are often disre-
garded on the global agenda. Funding agencies frequently overlook these
diseases, and limited resources are allocated to their prevention, diagnosis,
treatment, and control." TDs comprise a varied group of diseases that in-
clude infections caused by viruses, protozoans, helminths, and bacteria.
Although primarily prevalent in underdeveloped and tropical countries,
some of these diseases can also be seen in other geographical regions,
for instance, in the context of migration and climate change. Rising tem-
peratures and changing rainfall patterns in southern Europe have ex-
panded the habitat of Aedes mosquitoes, resulting in outbreaks of
dengue, chikungunya, and Zika, including local dengue transmission in
Italy.? In the Southern USA, warmer and humid conditions have led to
sporadic dengue and Zika outbreaks in Texas and Florida. Meanwhile, mi-
gration from endemic regions has increased the burden of diseases like

tropical medicine e cardiovascular imaging ® neglected tropical diseases ® global health e cardiac care

malaria, leishmaniasis, and tuberculosis in northern European countries
(Sweden and Germany) and the UK, often linked to refugee and labour
migration.® Thus, there is also a need to address these diseases in high-
income and non-tropical countries, and most physicians must become fa-
miliar with diagnostic and management strategies for these diseases.
TDs present a complicated epidemiology, often involving animal and
human reservoirs, vector-borne transmission, and complex life cycles,
making prevention and elimination challenging. The World Health
Organization (WHO) has released a ‘road map for neglected TDs
2021-30’ that establishes global targets and milestones to prevent, con-
trol, eliminate, or eradicate a diverse set of 20 diseases.* As outlined in
the road map, addressing TDs requires a comprehensive approach that
includes strategic interventions to provide innovative disease diagnosis,
management, vector control, safe water, sanitation, and public health.
This approach is necessary to combat the complexity and depth of
this issue. In addition to the WHO, other international societies have
raised concerns about TDs and proposed initiatives to tackle the issue.
One such initiative is the NET-Heart Project from the Interamerican
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Figure 1 The non-invasive diagnostic work-up of cardiac involvement in tropical diseases. CCT, cardiovascular computed tomography; CMR, cardiac
magnetic resonance; ECG, electrocardiogram; ECHO, echocardiography.

Society of Cardiology, which systematically evaluates evidence on TDs
and provides recommendations for managing their cardiovascular com-
plications, while recognizing that region-specific barriers may require
tailored strategies to improve care access.”®

Why do we need a scientific
statement on the use of cardiac
imaging in patients with TDs?

TDs have emerged as a growing global public health issue, demanding com-
prehensive interventions to reach the 2030 elimination goal. This includes
the leverage of technologies to improve the diagnosis and management of
this group of diseases. Tropical infections can contribute to the burden of
cardiovascular disease by themselves (cardiac manifestations of TDs include
myocarditis, pericardial disease, myocardial ischaemia, pulmonary hyperten-
sion, embolism, cardiomyopathy, and others) (Graphical Abstract) and as a
consequence of interactions with pre-existing cardiovascular conditions.”
However, the current knowledge about the cardiovascular complications
of TDs is limited, and their impact may be underestimated. Atthough not
often the site of primary involvement, compromise of the cardiovascular
system can contribute to a worse prognosis.® When used effectively, cardio-
vascular imaging can aid in early diagnosis, the prevention of complications,
and the appropriate management of cardiovascular complications related to
TDs, improving patient care and outcomes. However, cardiovascular im-
aging must be tailored to local resource constraints. This statement aims
to (i) explore the cardiovascular phenotypes and morphophysiological find-
ings in neglected TD based on available imaging modalities and (ji) address
current knowledge gaps regarding the usefulness of cardiovascular imaging
in patients with TDs. It does not advocate for a universal multimodality ap-
proach for every patient.

Methodology

A writing group of cardiovascular imaging experts was appointed by the
European Association of Cardiovascular Imaging (EACVI) of the

European Society of Cardiology (ESC) and by the Cardiovascular
Imaging Department of the Brazilian Society of Cardiology (DICSBC)
to summarize the current status of imaging in the assessment of cardio-
vascular involvement in TDs. The writing group acknowledges the rela-
tively limited research on the topic. No evidence-based strategies have
been established for the detection and management of cardiac compli-
cations associated with most of the TDs discussed here. The use of car-
diovascular imaging methods in TDs has not been thoroughly studied
due to the unavailability of some of these technologies in remote and
underserved regions of low-income countries and because of the lack
of comprehensive data collection in the most affected areas.
Therefore, all efforts were made to interpret the available scientific
data and provide the best information on the topic without giving spe-
cific advice for clinical practice. The document was developed through
an extensive review of published research papers and reviews. The re-
ferences included in this document were considered to be the most
up-to-date and with the best level of evidence, if any. Each section brief-
ly addresses the epidemiology, diagnosis, and clinical manifestations of
the specific disease in question and then focuses on cardiac imaging
findings available in the literature.

The document includes the following TDs: mosquito-borne viral in-
fections (dengue, Zika, chikungunya, and yellow fever), protozoal infec-
tions (malaria, leishmaniasis, amoebiasis, and toxoplasmosis), helminth
infections (echinococcosis, cysticercosis, and schistosomiasis), bacterial
infections (tuberculosis), endomyocardial fibrosis (EMF), and hypereo-
sinophilic endocarditis (HE). The selected TDs were chosen based on
available literature that reports any level of cardiovascular involvement,
regardless of the strength of the evidence. Rheumatic fever®'® and
Chagas disease’"'? have been widely addressed in several reviews
and guidelines and are not discussed in this document. The final docu-
ment aligns with the WHO ‘road map for neglected TDs 2021-30'.

General considerations

The non-invasive diagnostic work-up of cardiac involvement in TDs
may include clinical assessment, laboratory testing (including cardiac
biomarkers), an electrocardiogram (ECG), and cardiovascular imaging
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(Figure 1). Much is still unknown about the pathophysiology of most of
these diseases, their impact on the heart, and the appropriate use of im-
aging methods in the diagnostic pathway and in guiding treatment deci-
sions. However, it is reasonable that patients with a diagnosis of a
tropical infection who present with cardiovascular symptoms and signs
(such as chest pain, dyspnoea, palpitations, syncope, peripheral oe-
dema, haemodynamic instability) and/or an abnormal ECG and/or posi-
tive cardiac biomarkers (troponin, creatinine kinase, N-terminal
pro-brain natriuretic peptide) have further evaluation with cardiac
imaging.13

Echocardiography (ECHO) is the first-line imaging technique, and it is
advised in all patients with suspected cardiovascular involvement."*' It
is a cost-effective and widely available method for screening patients
with clinical suspicion of myocarditis and/or pericarditis."®"” Cardiac
magnetic resonance (CMR), cardiovascular computed tomography
(CCT), and nuclear imaging tests (NIT) are advised if feasible to answer
clinical questions not provided by ECHO."®' CMR provides non-
invasive myocardial tissue characterization, identifying disease patterns
such as fibrosis, inflammation, and myocardial oedema using late gado-
linium enhancement (LGE), T1, and T2 mapping.'®'® CMR should only
be considered in specific clinical scenarios and when appropriate infra-
structure is available. A subendocardial or transmural LGE pattern sug-
gests myocardial infarction, while mid-wall or subepicardial patterns
point to myocarditis.“"19 Although endomyocardial biopsy remains
the gold standard for a definitive diagnosis, it is invasive and has limited
sensitivity. In specific cases, CCT can help rule out obstructive epicardial
coronary artery disease, providing additional non-invasive diagnostic
support. Holter ECG monitoring, event recorders, portable devices,
and implantable loop recording may be helpful for arrhythmia
assessment.

The writing group acknowledges that areas with limited healthcare
access present a challenge for the widespread use of cardiovascular im-
aging in TDs. In these settings, where imaging is most needed, resources
are scarce. Therefore, any advice concerning the use of cardiovascular
imaging must take into account the practical realities of its implementa-
tion in these settings. This statement does not endorse the uniform use
of multimodality cardiovascular imaging in all scenarios, but highlights
ECHO as the most accessible tool in certain cases, while other modal-
ities are reserved for more complex situations or referral centres.
Furthermore, the acute cardiovascular manifestations of TDs are often
challenging to assess with advanced imaging, particularly in neglected
communities or in critically ill patients. As such, the utility of multimod-
ality cardiovascular imaging is likely greater during the chronic phase,
when patients are clinically stable and techniques like cardiac CMR or
CCT can be safely performed. The growing incidence of TDs in high-
income countries brings these conditions into healthcare systems
where multimodality imaging is available and can support accurate diag-
nosis and management. Another significant issue is that, while cardio-
vascular system involvement may result in worse outcomes, many of
these diseases exhibit similar changes in multimodality cardiovascular
imaging and lack pathognomonic or specific findings. Table 1 presents
the main cardiovascular phenotypes and imaging characteristics of TDs.

Mosquito-borne viruses

Mosquito-borne viral infections, particularly arboviruses, are increasingly
recognized as relevant causes of cardiovascular disease, especially in
tropical and subtropical regions,20 with increasing cases also recently
reported in Europe and the USA.>' While most of these infections
are self-limited, a subset of patients may experience cardiovascular in-
volvement, most often in the form of myocarditis, pericarditis, or acute
heart failure.'®?? In chronic stages, patients can also develop arrhyth-
mogenic scars caused by post-myocarditis fibrosis, leading to malignant
late ventricular arrhythmias and sudden death.'®?* The WHO

Main cardiovascular phenotypes and imaging findings of tropical diseases

Table 1

Preferred Imaging

Key imaging findings

Cardiovascular phenotypes

Tropical
disease®

modality®
ECHO CMR CCT NIT

++

+++

GLS and GCS reductions in early stages. Pericardial effusion, LV global/regional

Pericarditis and/or myocarditis, arrhythmias,

Dengue

Virus

systolic and diastolic dysfunction, RV dysfunction

HF, cardiogenic shock

Myocardial oedema and fibrosis on CMR

+++

Pericardial effusion (unusual), LV dysfunction (rare). Congenital heart disease in

Pericarditis, arrhythmias, HF, CZS. Rarely,

Zika

foetuses of infected mothers

myocarditis

++

+++

LV global/regional systolic and diastolic dysfunction, pericardial effusion

Frequent cardiac involvement: myocarditis,

Chikungunya

Myocardial oedema and fibrosis on CMR

cardiogenic shock, ACS, pericarditis,

arrhythmias, heart failure

++

+++

LV dysfunction in severe forms

Myocarditis, paradoxical bradycardia,

Yellow fever

Myocardial oedema and fibrosis on CMR

conduction abnormalities

++

+++

GLS reduction, LV global systolic dysfunction, pericardial effusion, tamponade,

Myocarditis, ACS, pericarditis, cardiogenic

Malaria

Protozoan

increased PASP

shock, and rarely PAH

Myocardial oedema and fibrosis on CMR

Continued
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recommends a serologic diagnosis, which includes routine diagnostic
testing of whole blood, serum, or plasma for arboviruses and urine ana-
lysis with a Zika nucleic acid amplification test.2" Despite their potential
impact, cardiovascular complications are likely underdiagnosed due to
non-specific symptoms, limited access to imaging, and the predominant
focus on neurologic or haemorrhagic outcomes in these diseases.

Dengue

Dengue (breakbone fever) is an arbovirus disease caused by any of the
four serotypes of the dengue virus, transmitted by mosquito species
Aedes aegypti or Aedes albopictus. Subsequent infection with a different
serotype can result in a more severe disease, including serious bleeding
and shock syndrome.?* According to the 2009 WHO classification,
there are three types of dengue: ‘without warning signs,” ‘with warning
signs,” and ‘severe, with or without haemorrhage’.25 Patients with se-
vere dengue may develop haemorrhagic fever, characterized by
thrombocytopenia, plasma leakage, and bleeding?® The incidence of
cardiac involvement varies significantly from one series to another (be-
tween 12 and 50% in hospitalized patients), and the most frequent car-
diac manifestations are arrhythmias, pericarditis, myocarditis, and
deterioration in myocardial function.® Myocarditis may mimic myocar-
dial infarction, and in rare cases, the inflammatory response may also
trigger intracoronary thrombosis with acute myocardial infarction, cor-
onary dissection, and intramural haematoma.”’ Some reports suggest a
higher incidence of cardiac complications in the paediatric population.?®
Men may face a higher risk of cardiac complications from dengue com-
pared to women, with higher rates of LV systolic dysfunction. In daily
practice, only a small percentage of dengue patients have a cardiac
evaluation, especially in endemic areas, leading to significant underdiag-
nosis.”’ The presence of any abnormality on ECHO has been asso-
ciated with adverse outcomes in patients with dengue infection.*%"
The main echocardiographic findings are pericardial effusion, left ven-
tricular (LV) regional wall motion abnormalities, and LV global systolic
dysfunction (Table 1 and Figure 2; Supplementary data online,
Video S7).32 In early stages of the disease, 2D speckle tracking echocar-
diography (STE) may show subtle subclinical alterations in myocardial
deformation, with abnormal global longitudinal strain (GLS) and global
circumferential strain (GCS).>® Severe dengue patients show more ad-
vanced systolic and diastolic LV dysfunction and right ventricular (RV)
dysfunction,** usually transient.>® As previously mentioned, CMR can
support the diagnosis of myocarditis (Figure 2; Supplementary data
online, Video $2) in most cases.'®"?

Zika

Zika infection is a viral disease from the Flaviviridae family, transmitted
by Aedes sp. mosquitoes. Most people with Zika virus infection are
asymptomatic or develop non-specific symptoms such as low-grade fe-
ver, headache, rash, arthralgia, and conjunctivitis.36 Neurological com-
plications are classically described, with reports of Guillain—Barré
syndrome and meningoencephalitis.37 Cardiac manifestations of Zika
infection are rare but can include arrhythmias, pericardial effusion,
and heart failure, with potential long-term effects like dilated cardiomy-
opathy. Congenital Zika syndrome (CZS) may occur in foetuses of
mothers infected by Zika virus, leading to congenital heart disease in
10-14% of cases,>”*® which presents as atrial and ventricular septal de-
fects, anomalous pulmonary venous return, and persistence of ductus
arteriosus.”” '

Chikungunya

Chikungunya fever, caused by a mosquito-borne alphavirus, is charac-
terized by abrupt onset of fever, often associated with various systemic
symptoms.42 Cardiac involvement is among the most frequent systemic
manifestations, in particular myocarditis, often with hypotension and

shock, followed by pericarditis, acute myocardial infarction, and ar-
rhythmias, potentially leading to heart failure.***? Since mortality in pa-
tients with chikungunya is mainly driven by cardiovascular
complications, early detection is crucial to timely treatment.*?

Yellow fever

Yellow fever is an African mosquito-borne infection of primates, caused
by a flavivirus. It is transmitted between monkeys in their natural habitat
by forest-dwelling primatophilic Aedes mosquitoes.44 In humans, this
disease is a viral haemorrhagic fever, endemic in some parts of South
America and Africa. Severe cases often involve myocardial injury and
impaired heart function due to various factors, including viral damage
and inflammation.*® Patients may exhibit bradycardia, ECG abnormal-
ities, and LV wall thickening with a hyper-refringent myocardial texture
suggesting infiltration.*

Protozoan infections

Protozoan infections are endemic in subtropical or tropical regions, par-
ticularly in developing countries or those with poor sanitary and hygiene
conditions.” Excluding Chagas disease, the most prevalent protozoan in-
fections are malaria, leishmaniasis, amoebiasis, and toxoplasmosis. Rarely,
these infections can affect the myocardium and pericardium, particularly
in severe forms. Cardiac involvement can occur through inflammatory
responses or be immune-mediated.”” However, as neglected diseases,
cardiovascular complications may be underdiagnosed or under-
reported. Imaging modalities can help diagnose and manage the cardiac
manifestations associated with protozoan infections (Table 7).

Malaria

Malaria is a severe acute febrile illness caused by five different species of
the Plasmodium parasite, with two species—Plasmodium falciparum and
Plasmodium vivax—posing the greatest risk. It is spread to humans
through the bites of infected female Anopheles mosquitoes, but it can
also be rarely transmitted congenitally or by blood transfusion and con-
taminated needles.*®

Malaria is present in over 100 countries and is responsible for over
400000 deaths every year, with almost 93% occurring in Africa.*®
Severe malaria, mainly caused by P. falciparum, can lead to potentially
lethal complications such as lung, kidney, or cerebral injury.*’ Cardiac
involvement has not been considered a common cause of morbidity
and mortality, possibly due to under-reporting or underdiagnosing.**°
In several case reports and series of cases, the main described cardio-
vascular phenotypes were myocarditis and acute coronary syndrome,
but pericarditis, pericardial effusion, and pulmonary congestion have
also been reported.’®>' A meta-analysis including 3117 patients
(2403 adults) demonstrated that the estimated prevalence of cardio-
vascular complications in adults with symptomatic malaria was 7%.>
The most often observed echocardiographic abnormality was impaired
LV function. The significant differences between studies probably result
from the lack of standardized recording protocols, variable sample
sizes, different parameters, and cut-off points. It is uncertain whether
LV dysfunction in patients with acute malaria can lead to heart failure
in the long term. A study found that adults with uncomplicated malaria
had lower GLS than the general population, which improved after
antimalarial treatment.>® Although the results suggest that malaria
may impact LV systolic function, further research is necessary to fully
comprehend the cardiac complications of malaria and to develop ef-
fective management strategies.

Amoebiasis

Infections with Entamoeba histolytica can be asymptomatic (90%) and
may cause dysentery, but in 10% of patients, invasive amoebiasis is
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present.47'54 When the heart is involved, the pericardium is the most
commonly affected structure, with acute pericarditis, pericardial effu-
sion, cardiac tamponade, or constrictive pericarditis.>*>>

Leishmaniasis

Leishmaniasis is caused by a specific protozoan parasite transmitted by
the bite of infected female phlebotomine sandflies.>® Leishmaniasis af-
fects people worldwide, especially in tropical and subtropical regions,
presenting a broad range of clinical manifestations, from self-resolving
skin lesions to disseminated visceral involvement. Cardiac involvement
associated with visceral leishmaniasis is not well known and has primar-
ily been described in case reports of myocarditis and pericarditis, espe-
cially among immunocompromised individuals.>”®

Toxoplasmosis

Toxoplasmosis is caused by Toxoplasma gondii, affecting one-third of the
world’s population. Humans are infected either by eating undercooked
infected meat, faecal-oral transmission from feline faeces, organ trans-
plantation, blood transfusion, or transplacental transmission.”’
Toxoplasmosis is usually asymptomatic or has a benign course in
healthy individuals, but these microorganisms can spread to various or-
gans in immunocompromised patients or through congenital transmis-
sion.”” While cardiac involvement is rare, myocarditis is the most
common manifestation.® In patients with acquired immunodeficiency
syndrome (AIDS), the heart is the second most frequently affected or-
gan after the brain. Myocarditis associated with T. gondii can also arise in
transplant patients either due to reactivation or to a new infection from
a seropositive donor to a seronegative recipient.?® Actually, toxoplas-
mosis is the most commonly reported parasitic disease occurring after
heart transplantation.®’ In immunocompromised individuals, toxoplas-
mosis can lead to severe LV systolic dysfunction requiring haemo-
dynamic support.®’ There have also been reports of pericarditis and
pericardial effusion, in isolation or combined with myocarditis.

Helminth infections

Helminths that affect the human heart include a wide range of species,
which exert their influence directly or indirectly. They have many
forms, including adult worms, larval stages, and eggs, and can cause vari-
ous cardiac disorders.

Echinococcosis

Echinococcosis, caused by the larval stages of tapeworms belonging to
the genus Echinococcus, presents in two primary forms: cystic
echinococcosis, primarily caused by Echinococcus granulosus, and alveo-
lar echinococcosis, mainly attributed to Echinococcus multilocularis.®?
Echinococcus granulosus is the most widespread species globally, particu-
larly in rural grazing areas where dogs have access to organs from in-
fected animals, perpetuating the transmission cycle.®® Cystic
echinococcosis, characterized by the presence of hydatid cysts, pre-
dominantly affects the liver or lungs but can potentially develop in
any organ.”” In cardiac echinococcosis (Table 1), cysts are predominant-
ly located in the Lv,e* though they can also occur in the right ventricle,®®
right atrium,®®left atrium,®’ interventricular septum,f’8 pericardium,69
or pulmonary arteries.”® Cardiac echinococcosis (Figure 3) is an uncom-
mon manifestation of cystic echinococcosis, which affects around
0.5-2% of cases.®? Patients may remain asymptomatic for long periods
before developing symptoms due to the mass effect on surrounding tis-
sues or an acute rupture of a hydatid cyst, which can lead to widespread
dissemination or pericardial tamponade (Figure 4).%> Depending on the
location, acute cyst rupture can cause arterial or pulmonary embolism
and lead to shock due to the release of anaphylactoid substances.*” The
cardiac involvement in echinococcosis can present clinically as chest

pain, dyspnoea, recurrent syncope, palpitations, and valvular dysfunc-
tion characterized by newly detected heart murmurs. ECG findings
may reveal conduction abnormalities and repolarization changes, which
can sometimes mimic ischaemic patterns.®® The diagnosis relies on a
comprehensive patient history, specific serologic tests, and confirm-
ation through cardiovascular imaging techniques. Besides transthoracic
and transoesophageal ECHO, CMR and CT offer highly reproducible
results, which are crucial for precise surgical planning of cyst re-
moval.2>8%71 These imaging techniques assist not just in diagnosis
but also in monitoring therapy, assessing prognosis, and tracking disease
progression. Screening for cardiac hydatid cysts is advised in patients
with liver or lung involvement in cystic echinococcosis. The treatment
of cardiac echinococcosis includes surgical excision of hydatid cysts fol-
lowed by anthelmintic therapy with albendazole or mebendazole.®*%3
Patients with cystic echinococcosis can benefit from interdisciplinary
management at tertiary treatment centres and from treatment modal-
ities based on the cyst stage.

Cysticercosis

Cysticercosis, caused by the larval form of the tapeworm Taenia solium,
affects millions of people worldwide.”? This parasitic infection thrives in
areas with poor sanitation where humans and free-roaming pigs coex-
ist, facilitating transmission.”> Neurocysticercosis, characterized by
cysts in the central nervous system, is the most common clinical pres-
entation with parenchymal and extraparenchymal forms.> Cysts can
also be detected in various organs, occasionally in the heart. Cardiac in-
volvement, observed in up to 25% of the infected, often presents
asymptomatically, with cystic lesions typically discovered during cardiac
imaging or surgery.72 Rarely, it can cause myocarditis73 or an intracar-
diac mass causing obstruction. Cysticerci are oval cystic structures with
thin, semi-transparent, and serous walls, typically harbouring a charac-
teristic scolex (Figure 4).*’ Cardiac cysticerci commonly manifest as
multiple lesions, and isolated occurrences of a single cardiac cyst are
rare.”? Symptoms of cardiac cysticercosis depend on cyst number, lo-
cation, size, and stage of the lesion, as well as host inflammatory re-
sponse to degenerating cysts.”? Early manifestations may include
chest pain, syncope, arrhythmias, conduction abnormalities, heart fail-
ure, and pericardial effusion. Ventricular fibrosis resulting from cyst de-
generation can be the substrate for ventricular tachycardia. The
occurrence of Takotsubo syndrome or persistent bradycardia caused
by acute hydrocephalus in neurocysticercosis is uncommon.*’
Diagnosis relies primarily on serological testing in appropriate epi-
demiological contexts. Various modalities of cardiovascular imaging
can aid in the diagnosis of cardiac cysticercosis and provide insights
into the characteristic features of cardiac involvement.®® ECHO can re-
veal macroscopic cysts at different stages of evolution. Early cysts typ-
ically present as spherical echo-free lesions with smooth walls and a
hyperechogenic internal scolex, a distinctive hallmark of cardiac cysti-
cercosis.”> CMR offers superior tissue characterization, with cysts typ-
ically appearing hypointense on T1-weighted images and hyperintense
on T2-weighted images, often showing LGE in the cyst wall.”*”> CCT
imaging also plays a valuable role, enabling the visualization of cysts with-
in the heart and occasionally in the surrounding chest wall or lung.
Treatment for cardiac cysticercosis usually involves a combination of al-
bendazole or praziquantel with corticosteroids. Surgical resection may
be considered for myocardial cysts causing functional complications in
select cases.

Schistosomiasis

Schistosomiasis, a tropical helminth infection, is caused by digenetic tre-
matodes of Schistosoma.”® These parasites reside in specific types of
freshwater snails, where they release cercariae, the infectious form.
Contaminated water enables cercariae to penetrate the skin, causing in-
fection. The larvae migrate through the lungs and settle in splanchnic
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Figure 3 Imaging findings related to cardiovascular involvement in echinococcosis. A 38-year-old man from a rural region endemic to echinococcosis
presented with fatigue and syncope, along with a complete atrioventricular block on the electrocardiogram. Transthoracic echocardiogram in the apical
four-chamber view (A) and subcostal view (B) showed an echo-free structure with a cystic appearance located within the right atrium, adherent to the
interatrial septum and adjacent to the tricuspid septal leaflet (red arrows). Subsequent injection of agitated saline solution notably improved the visu-
alization of the cyst (C and D). LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle. Adapted and reprinted with permission.®®

veins, where they can persist for years. The life cycle completes when
eggs are excreted in the host’s urine or faeces.”” Schistosomiasis is
prevalent in tropical and subtropical areas, especially in impoverished
communities lacking access to clean water and proper sanitation.”’
Although the prevalence of schistosomiasis is highest in sub-Saharan
Africa, due to tourism growth, cases among travellers have increased.”®
Schistosoma mansoni is the primary species infecting humans and can re-
sult in severe cardiovascular complications (Table 7). During the acute
phase of schistosomiasis, patients may experience myocarditis, pericar-
ditis, and myocardial ischaemia.”® ECHO may show ventricular dysfunc-
tion and pericardial effusion, while CMR can provide additional tissue
characterization data.”® However, the acute phase of schistosomiasis
can often go undetected in endemic regions. During the chronic phase
of the disease, one of the most serious cardiovascular consequences of
schistosomiasis is pulmonary arterial hypertension (PAH).”¢”#° All pa-
tients presenting with PAH in an endemic area should be investigated
for schistosomiasis, as it is among the leading causes of PAH worldwide.
The pathogenesis of PAH remains elusive, but it is believed that mech-
anical obstruction of lung vasculature by schistosome eggs triggers a

granulomatous response, leading to inflammation and vascular remod-
elling (Figure 4).*” This process can culminate in fibrosis, PAH, and the
eventual development of cor pulmonale, characterized by RV dilation and
dysfunction, particularly in hepatosplenic schistosomiasis (Figure ZA).81
Moreover, abnormal RV pressure overload may alter LV function in pa-
tients with schistosomiasis-associated PAH. A previous study revealed
lower GLS in patients with schistosomiasis-associated PAH, regardless
of ventricular septal involvement.®> While ECHO may reveal RV and
pulmonary artery dilation, reduced tricuspid annular plane systolic ex-
cursion, and diminished s’ wave velocity, there is no pathognomonic
sign of schistosomiasis-associated PAH.2® Though the clinical features
of schistosomiasis-associated PAH are similar to those of other causes,
a considerable dilation of the pulmonary arteries on chest X-ray is more
frequently observed in schistosomiasis.*”#° The diagnosis relies on de-
tecting parasite eggs in stool or urine specimens, while antibodies and/
or antigens in blood or urine samples also indicate infection.”®
Praziquantel is the treatment of choice for all Schistosoma species.
However, the management of schistosomiasis-associated PAH
remains controversial, with limited evidence supporting substantial
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granulosus
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solium
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atrioventricular block

Cyst rupture
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tamponade 3 _widespread

Arrhythmias
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Cyst and scolex
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Figure 4 Cardiovascular involvement of helminthic infections. (A) Cardiac echinococcosis presenting with cysts located in the left ventricle. Mass
compression effect can induce conduction abnormalities. Acute mechanical rupture of a cyst can precipitate pericardial tamponade and widespread
dissemination. (B) Cysticercosis exhibiting an oval cyst within the myocardium of the left ventricle, distinguished by the presence of a characteristic
scolex. Ventricular fibrosis resulting from cyst degeneration can serve as a substrate for arrhythmias. (C) Hepatosplenic schistosomiasis with mechanical
obstruction of lung vasculature by schistosome eggs, eliciting a granulomatous response leading to inflammation and vascular remodelling. This cascade

ultimately culminates in pulmonary arterial hypertension and cor pulmonale.

improvement following treatment with anthelminthic agents, especially
in cases of advanced disease.*”®

Bacterial infections

Tuberculosis

Although primarily a pulmonary disease, tuberculosis can also affect
the heart, often in patients with AIDS."* Cardiac involvement most
commonly affects the pericardium (2-5% of tuberculosis patients),
with changes ranging from small effusions to cardiac tamponade

and constrictive pericarditis (Table 1 and Figure 5; Supplementary
data online, Videos S4—58).83'84 More rarely, tuberculosis can also re-
sult in myocarditis (0.14-2%) and aortitis (0.3%).%° To diagnose tu-
berculosis pericarditis, integration of clinical data (chest pain,
tachycardia, cough, dyspnoea, pericardial rub, night sweats, weight
loss, fever), laboratory findings, chest X-ray abnormalities (cardio-
megaly, pleural effusion, parenchymal lung lesion, hilar lymphadenop-
athy), and echocardiographic findings is essential.®'¥2# ECHO
allows the identification of pericardial effusion, cardiac tamponade,
and chronic constrictive pericarditis that should be differentiated
from restrictive cardiomyopathy.'”” The diagnosis of myocarditis
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Figure 6 Multimodality imaging approach in a patient with endomyocardial fibrosis. TTE shows obliteration of the RV apex (A, white arrow, and
Supplementary data online, Video $S9). TTE with ultrasound enhancing agent shows RV apex subendocardial delayed perfusion associated with a per-
fusion defect over the RV endocardium (B, black arrow, and Supplementary data online, Video S10). CMR showing RV apical thickening and obliteration
(Cand Supplementary data online, Video S11) and typical ‘double V' LGE compatible with subendocardial fibrosis and thrombus, besides the presence of
LV LGE in its apex and apical lateral segment (D, double white arrows). TTE and 3D TTE images from another patient with evident obliteration of
biventricular apex, large atria, and concomitant pericardial effusion (E and F). 3D, three-dimensional; CMR, cardiac magnetic resonance; LA, left atrium;
LGE, late gadolinium enhancement; LV, left ventricle; RA, right atrium; RV, right ventricle; TTE, transthoracic echocardiogram. Adapted and reprinted

with permission.”®

secondary to tuberculosis requires the use of multimodality imaging.
ECHO can detect regional LV wall motion abnormalities, impaired
systolic function, and heterogeneous strain segmental abnormalities
with a non-coronary distribution. CMR can identify pericardial thick-
ening, effusion, and features associated with constriction, additionally
enabling myocarditis diagnosis through non-ischaemic fibrosis pat-
terns on LGE and T2 mapping” CCT also allows a detailed assess-
ment of the pericardium by identifying pericardial thickening,

calcification, and effusion.®® It can also detect aortitis based
upon circumferential aortic thickening, particularly when combined
with  18-fluorodeoxyglucose positron emission tomography
(18F-FDG PET) imaging, which depicts increased inflammatory
activity in the aorta in a similar circumferential pattern.®® It is import-
ant to mention that 18F-FDG PET/CCT is also a valuable tool for
diagnosing systemic tuberculosis and monitoring therapeutic
response.®’
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EMF and HE
EMF

EMF is an idiopathic restrictive cardiomyopathy described first in
Uganda in 1948.7° The disease occurs mainly in tropical and subtropical
regions of the developing world and affects around 10 million subjects.
EMF is endemic in some parts of Uganda, Mozambique, West Africa,
and China. In South America, it is mostly reported in Brazil and
Colombia. Disease incidence has decreased in India and parts of
Nigeria in recent years.”' The pathogenesis of EMF remains unclear,
with multiple contributing factors. Eosinophilia, parasitic infections
(such as malaria, schistosomiasis, and filariasis), ethnicity, poverty, mal-
nutrition, autoimmunity, and heredity are frequently implicated in
EMF's etiopathogenesis.”'~*® EMF encompasses fibrosis of the ventricu-
lar subendocardium and restrictive physiology and is often associated
with hypereosinophilic syndrome (HES).”* Although regarded as dis-
tinct pathological processes, the geographic distribution and ubiquity
of parasite-induced eosinophilia raise suspicions about the connection
between these conditions.”® The natural history of EMF consists of
three phases, only distinctly seen in a few patients.”’=** The first phase,
the active inflammatory phase, is characterized by pancarditis and eo-
sinophilia. The second is a transient phase of progressive thrombosis
and fibrosis. The third phase corresponds to a chronic period charac-
terized by RV or LV failure.”® Mortality is primarily caused by progres-
sive  heart failure, pulmonary embolism, and ventricular
arrhythmias.”**® ECHO is a fundamental component of the EMF inves-
tigation process. The most common presentation is biventricular in-
volvement, followed by right-sided and left-sided disease.”> The
typical finding is increased endocardial thickness in the apex with oblit-
eration (Figure 6A, E, and D) and consequent ventricular geometry alter-
ation (mushroom or V'’ sign), with hypercontractility in its basal portion
(Merlon’s sign).”* The RV and LV outflow tracts are usually preserved.””
In the LV, the disease extends from the apex to the inferolateral wall.
The mitral posterior leaflet motion is restricted in advanced cases, re-
sulting in eccentric mitral regurgitation. In the RV, the disappearance of
the trabecular portion is observed. Tricuspid regurgitation may occur
due to the movement restriction of the anterior and septal leaflets,
the involvement of the papillary muscles, and the dilatation of the tricus-
pid annulus. In the advanced stages of the disease, the reduction in RV
cavity size is compensated by dilation of the outflow tract. Large atria,
restrictive diastolic filling, and pericardial effusion can be observed
(Figure 6E).98 The hallmark of advanced disease is ventricular endocar-
dial fibrosis with organized thrombus.”” Ultrasound contrast-enhancing
agents often add information about the extent of myocardial involve-
ment, showing a perfusion defect and the presence of a possible throm-
bus (Figure 6B).”

EMF diagnosis criteria were described using ECHO in a Mozambican
population.”” Patients’ cardiac abnormalities were categorized as ‘ma-
jor’ or ‘minor’ based on their clinical relevance, uniqueness to the diag-
nosis, impact on management decisions, and prognostic significance
(Table 2).”” A multimodality approach provides complementary infor-
mation.”> CMR with LGE imaging is advised after the initial ECHO
evaluation, as it is currently the gold standard for imaging this disease.'®
CMR is crucial not only for early and differential diagnosis but also for
providing essential information on ventricular morphology and the
presence of thrombus or calcifications.”” 1% |t is also essential for
prognosticating EMF by quantifying the endocardial fibrous tissue de-
position pa‘c‘cern.100 The typical LGE pattern in EMF has been described
as subendocardial, primarily affecting the apex and eventually extending
to the inflow tract.”® The ventricular apex displays a double V sign, char-
acterized by a three-layered appearance composed of normal myocar-
dium, thickened enhanced endomyocardium, and an overlying
thrombus, with or without calcifications (Figure 6C and D).**'" CCT
can also accurately depict the morphologic and functional aspects of

Table 2 Criteria for diagnosis and assessment of the
severity of endomyocardial fibrosis®®

Criterion®

Major criteria
Endomyocardial plaques > 2 mm in thickness 2
Thin (<1 mm) endomyocardial patches affecting more than 3
one ventricular wall
Obliteration of the right ventricular or left ventricular apex
Thrombi or spontaneous contrast without severe ventricular 4
dysfunction
Retraction of the right ventricular apex (right ventricular 4
apical notch)
Atrioventricular-valve dysfunction due to adhesion of the 1-4
valvular apparatus to the ventricular wall®

Minor criteria
Thin endomyocardial patches localized to one ventricular wall
Restrictive flow pattern across mitral or tricuspid valves
Pulmonary valve diastolic opening
Diffuse thickening of the anterior mitral leaflet

Enlarged atrium with normal-sized ventricle

- N =2 NN =

M-movement of the interventricular septum and flat posterior
wall®

Enhanced density of the moderator or other intraventricular 1
bands

A total score of less than 8 indicates mild endomyocardial fibrosis, 8-15 moderate
disease, and more than 15 severe disease.

?A definite diagnosis of endomyocardial fibrosis was made in the presence of two major
criteria or one major criterion associated with two minor criteria.

®The score is assigned according to the severity of atrioventricular regurgitation.
‘M-movement of the interventricular septum refers to a pattern of movement
observed on M-mode echocardiography that is thought to be due to obliteration or
restriction of the left ventricular apex combined with mitral regurgitation.99

EMF. This technique can differentiate thrombus from calcification, as-
sisting in clinical and surgical decisions for EMF patients.'®? The differ-
ential diagnosis of EMF includes rheumatic fever (in endemic
countries), Loeffler's endocarditis, Churg—Strauss syndrome, Ebstein’s
anomaly, and apical hypertrophic cardiomyopathy.94

HE

HE, also known as Loeffler’s endocarditis, is a rare form of restrictive
cardiomyopathy resulting from eosinophilic infiltration of the myocar-
dium due to hypersensitivity, helminthic and parasitic infestation, sys-
temic disease, myeloproliferative syndrome, and idiopathic HES.'%3
|diopathic HES is a rare but serious condition characterized by eosino-
philia (>1500 cells/mL, persisting for at least 6 months) and signs of or-
gan involvement by eosinophilic infiltration, in the absence of the other
causes of eosinophilia,'®*1%*

HE encompasses three stages: (i) the necrotic stage, characterized by
acute myocardial inflammation, eosinophil infiltration, and necrosis,
mediated by eosinophil-released toxic proteins; (ii) the thrombotic
stage, with mural thrombosis usually involving the ventricles, but also
the atria and atrioventricular valves; and (iii) the fibrotic stage, charac-
terized by EMF, leading to restrictive cardiomyopathy in the final dis-
ease stages.”*'% Although the diagnosis may be challenging
(endomyocardial biopsy still represents the gold standard for
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Table 3 Barriers to cardiovascular imaging implementation in the evaluation of tropical diseases and potential strategic

solutions

Category

Barriers to implementation

Strategic solutions

Infrastructure and
access

Human resources

Restricted access to advanced imaging
technologies in low-income regions
Insufficient training of healthcare providers in

low-income regions

Portable and/or cost-effective tools like cardiac POCUS and rapid CMR protocols
Tele-echocardiography programmes

Provide training programmes to build local expertise
Introduce simplified echocardiographic protocols tailored for resource-limited
areas

Leverage telemedicine and international collaboration to bridge expertise gaps

Knowledge gaps Lack of awareness and recognition of
cardiovascular complications

Limited research on the pathophysiology of TDs
and cardiac imaging findings

Lack of guidelines on when and how to use
cardiovascular imaging

Underexplored roles of imaging in treatment
monitoring

Undetected subclinical involvement

Technology Difficulty in automating and streamlining imaging

development for underserved areas

Global

collaboration

Fragmented efforts in addressing cardiovascular
imaging needs in TDs
Lack of resource sharing between high-income

and low-income regions

Raise awareness through scientific documents from cardiovascular and infectious
disease societies, education campaigns, and professional training

Conduct longitudinal studies to assess the predictive value of early imaging findings for
long-term outcomes

Increase multicentre research efforts to develop evidence-based recommendations
for cardiovascular imaging in TDs

Encourage studies evaluating the role of imaging in guiding therapeutic decisions and
monitoring response to treatment

Promote early screening in endemic regions to identify asymptomatic cardiac disease

Integrate artificial intelligence to automate image analysis and provide real-time
decision support for cardiac POCUS

Align with global health initiatives, such as WHO’s road map for TDs, to prioritize
funding and innovation for imaging technologies

Strengthen international partnerships to promote resource allocation and share best

practices

diagnosis), multimodality imaging plays a pivotal diagnostic role.190.19

Although there is no pathognomonic sign, ECHO may show biventricu-
lar endocardial thickening, most commonly at the apical level, with ap-
ical thrombosis, typically without ventricular wall motion abnormalities.
Ultrasound contrast-enhancing agents increase the sensitivity of
thrombosis detection and help differentiate apical thrombosis from
apical hypertrophic cardiomyopathy, which can act as a mimic.
Atrio-ventricular valves (aortic and pulmonary valves are rarely in-
volved) may appear thickened (Figure 7A), because of fibrosis and/or
thrombosis, along with the sub-valvular apparatus; mitral regurgitation,
secondary to valve tethering by fibrotic endocardial thickening generally
of the posterolateral wall (Figure 7A and B), is common in advanced dis-
ease stages.'*>"'%° Pericardial effusion can be found in 10-32% of HES
patients.'® ECHO is frequently normal in early disease stages but
may be used to monitor treatment response on the reversal of endo-
myocardial infiltration.'®® CMR offers higher sensitivity and specificity,
in all disease stages, even the early one, based on its ability to provide
accurate myocardial tissue characterization (Figure 7E-H).
Subendocardial oedema, as a sign of inflammation noted in early, often
asymptomatic, disease stages, can be detected on T2-weighted se-
quences (Figure 7F, yellow arrows). On post-contrast sequences, sub-
endocardial LGE usually involves multiple LV walls (involving both
ventricles in up to one-third of patients)'®® extending beyond coronary
artery distribution (Figure 7G, white arrow). Apical thrombi are more
accurately detected on CMR as avascular structures not gaining con-
trast on post-contrast sequences (Figure 7G, black arrow); CMR also
helps differentiate apical thrombosis from apical hypertrophic cardio-
myopathy.'%%1%>1% CCT is indicated when CMR is non-diagnostic or
contraindicated and is useful to rule out epicardial coronary stenosis,
needed for the differential diagnosis of subendocardial damage
(Figure 7C and D). CCT can detect the presence of thrombosis by
showing a morphologically normal ventricle underneath it, and in late

disease stages, it is helpful to distinguish restrictive cardiomyopathy
from constrictive pericarditis. Further research studies are needed to
explore the role of 18F-FDG PET in detecting early disease stages by
visualization of active inflammation.'%®

Challenges in the implementation
of cardiovascular imaging for TDs

Implementing cardiovascular imaging to evaluate TDs faces significant
barriers, particularly in the regions where it is most needed. Lack of
awareness of cardiovascular complications, restricted access to ad-
vanced technology, and insufficiently trained personnel in low-resource
areas are the most prominent challenges that must be dealt with.
Addressing these issues requires practical solutions tailored to
resource-limited settings. Initiatives to expand the diagnostic capacity
and appropriate interventions in healthcare education are vital to im-
proving outcomes. Portable cardiac point-of-care ultrasound
(POCUS) shows substantial potential for managing TDs in remote
areas with minimal infrastructure due to its portability, affordability,
and diagnostic accuracy. Tele-echocardiography may expand access, al-
lowing remote image interpretation and consultation with specialists,
thus reducing diagnostic delays.'”” Additionally, emerging technologies
like artificial intelligence can enhance POCUS by automating image ana-
lysis and providing real-time clinical decision support, improving acces-
sibility and impact.'®® Although ECHO s the first-line diagnostic test
when suspecting a wide range of heart diseases,'* it may not be suffi-
cient in isolation, depending on the clinical scenario. A successful initia-
tive aimed at bringing advanced technology to underserved areas is the
development of rapid CMR scanning protocols.109 These protocols
have effectively reduced costs and scan times while maintaining
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diagnostic accuracy, making CMR more accessible in low- and
middle-income countries. Significant gaps in knowledge also hinder
the effective use of imaging in TDs. Few studies have focused on the car-
diovascular complications of TDs, resulting in a limited understanding of
the connection between pathophysiology and imaging findings. Current
data are often limited to small cohorts or case-based studies. There is a
lack of longitudinal research linking early imaging alterations with long-
term outcomes. Additionally, the roles of imaging in monitoring disease
progression or treatment efficacy are underexplored. Finally, subclinical
cardiac involvement often goes undiagnosed, and late-stage cardiovas-
cular complications make timely intervention difficult. Filling these gaps
is essential to improve patient outcomes in TDs. Table 3 outlines ac-
tionable steps to address these challenges and enhance cardiovascular
care in TDs, with focus on accessibility, education, research, and global
cooperation.

Conclusions

TDs are common and can seriously affect cardiovascular health. This
scientific statement, a joint effort between the EACVI and the
DICSBC, aims to provide a concise overview of important clinical
knowledge for the various viral, protozoan, helminthic, and bacterial
conditions, but notably summarizes the opportunities and value of car-
diovascular multimodality in some clinical scenarios. It is important to
join efforts not only in the education of physicians treating and imaging
patients with TDs but also in an increased research effort to better
understand the role of cardiac imaging in diagnosis, treatment, and
treatment monitoring.

Supplementary data

Supplementary data are available at European Heart Journal -
Cardiovascular Imaging online.
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