
IN
ST

IT
U

T
O

 D
E C

IÊN
C

IA
S B

IO
M

ÉD
IC

A
S A

B
EL SA

LA
Z

A
R

 

Patrícia R
odrigues 

Role of cardiac im
aging in the evaluation of diseases w

ith 
unclear heart involvem

ent

R
ole of cardiac im

aging in the evaluation of 
diseases w

ith unclear heart involvem
ent

Patrícia Rodrigues

Role of cardiac imaging in the evaluation 
of diseases with unclear heart 
involvement

Patrícia Fernandes Dias de Madureira 
Rodrigues

D
 2020

D
.IC

BA
S 2020

DOUTORAMENTO

CIÊNCIAS MÉDICAS



 
 

 

Patrícia Fernandes Dias de Madureira Rodrigues 

 
 
 
 

ROLE OF CARDIAC IMAGING IN THE EVALUATION OF DISEASES 
WITH UNCLEAR HEART INVOLVEMENT 
 
PAPEL DA AVALIAÇÃO CARDIO-IMAGIOLÓGICA EM PATOLOGIAS 
COM ATINGIMENTO CARDÍACO INDETERMINADO 
 

 
                

 
Tese de Candidatura ao grau de Doutor em Ciências 

Médicas, submetida ao Instituto de Ciências Biomédicas 

Abel Salazar da Universidade do Porto 

 
 

Orientador – Professor Doutor Roberto Liberal 
Fernandes Roncon de Albuquerque Jr 

Categoria – Professor Auxiliar Convidado 

Afiliação – Faculdade de Medicina da Universidade do 
Porto 
 

Co-orientador - Professor Doutor Henrique José Cyrne 
de Castro Machado Carvalho  

Categoria – Professor Catedrático 

Afiliação – Instituto de Ciências Biomédicas Abel Salazar 
da Universidade do Porto 

 

Co-orientadora - Professora Doutora Inês Maria Falcão 
Sousa Pires Marques  

Categoria – Professora Auxiliar 

Afiliação – Faculdade de Medicina da Universidade do 
Porto 



 

 
	 ii 

 

 

 

 

This PhD thesis was prepared according to “artigo 17.º do Regulamento Geral dos Terceiros 

Ciclos de Estudos da Universidade do Porto, publicado em Diário da República, 2.ª série, n.º 

204 de 23 de outubro de 2018”. 

 

 

This research was done in the following institutions: Centro Hospitalar Universitário do Porto 

(Department of Cardiology – Medicine) and Barts Heart Center, London, United Kingdom. One 

of the research projects used the CARDIA (Coronary Artery Risk Development in Young 

Adults) dataset and was done with approval of the CARDIA Investigators.  

 

 

 

 

 

 

 

 
This thesis was written in American English, as most of the articles were published in journals with that 

spelling preference.  

The abstract in Portuguese was written in accordance with the “Novo Acordo Ortográfico de 1990”. 

References are cited according to the international norm adopted by Instituto de Ciências Biomédicas 

Abel Salazar. 

   



 

 
	 iii 

 

ABSTRACT 

 

This PhD thesis translates the investigation of underdiagnosed myocardial diseases 

using non-invasive imaging techniques in the real world – in the context of a cardiac arrest 

without a defined etiology, alcohol consumption, an autoimmune disease and amyloidosis.  

Clinical research conducted in those four scenarios used information from transthoracic 

echocardiography (TTE), cardiovascular magnetic resonance (CMR) or radionuclide imaging, 

and analyzed possible associations with patients’ characteristics, biomarkers and outcomes. 

In survivors of sudden cardiac arrest (sCA) or peri-arrest, without coronary artery 

disease or an established diagnosis, CMR clarified the etiology in 49% and was pivotal in 30% 

of the cases, particularly for diagnoses such as myocardial infarction (with spontaneous 

recanalization), myocarditis or arrhythmogenic cardiomyopathy. Major adverse cardiac events 

were associated with the establishment of a diagnosis by CMR, the presence and extent of 

late gadolinium enhancement, and with left and right ventricular ejection fractions, the latter 

being an independent outcome predictor. Therefore, CMR should be incorporated in the 

investigation of sCA after excluding an acute coronary syndrome.  

In a large observational prospective study of healthy young adults with 20 years of 

follow-up, alcohol intake was associated with an increase in indexed left ventricular mass and 

end-diastolic volume, indicating cardiac remodeling, although subtle. Wine consumption, in 

comparison with other beverages, was associated with less deleterious findings.  

In patients with rheumatoid arthritis (RA) without known cardiac disease, an 

echocardiographic screening strategy identified underdiagnosed systolic dysfunction in 4% 

and diastolic dysfunction in 13% of the patients. Age was the most important and independent 

predictor of ventricular function. However, determining diastolic dysfunction remains a 

challenge and the significance of indeterminate diastolic function is still unknown. In older RA 

patients, TTE screening may be considered, particularly if prognosis-modifying treatment for 

diastolic dysfunction becomes available. 

On the topic of transthyretin-related cardiac amyloidosis, an updated review about 

treatment options was elaborated. The performance of radionuclide imaging in diagnosing this 

cardiomyopathy was also analyzed, particularly in patients with early-onset disease and 

transthyretin mutation Val30Met. In those patients, technetium-99m 3,3-diphosphono-1,2-

propanodicarboxylic acid (99mTc-DPD) scintigraphy showed suboptimal sensitivity, significantly 

associated with the timing of neurologic onset, after adjustment for other cofactors. Therefore, 

in patients with early-onset of neurologic symptoms and Val30Met mutation, we believe this 

exam should not be used to rule out cardiac involvement. On the other hand, in patients with 
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wild-type transthyretin cardiac amyloidosis, radionuclide imaging had a good diagnostic 

performance.  

These studies address different clinical contexts, but they all show how cardiac imaging 

provides important non-invasive information for the diagnosis and prognosis of patients in 

scenarios of unclear myocardial involvement. Detecting myocardial disease at an earlier stage, 

even when symptoms are not evident yet, may bring the benefits of an early intervention and 

better outcomes.  
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RESUMO 

 

A presente tese de Doutoramento reflete a investigação de patologias do miocárdio 

subdiagnosticadas, utilizando técnicas de imagiologia não invasiva, no mundo real – em 

contexto de paragem cardíaca sem etiologia definida, consumo de álcool, doença autoimune 

e amiloidose. A investigação clínica conduzida nesses quatro cenários utilizou a informação 

obtida a partir de ecocardiografia transtorácica (ETT), ressonância magnética cardiovascular 

(RMC) ou imagiologia de radionuclídeos, e analisou possíveis associações com as 

características dos doentes, biomarcadores e eventos. 
Em sobreviventes de paragem cardíaca súbita (PCs) ou peri-paragem, sem doença 

coronária ou um diagnóstico estabelecido, a RMC esclareceu a etiologia em 49% dos casos 

e foi crucial em 30%, particularmente para os diagnósticos de enfarte do miocárdio (com 

recanalização espontânea), miocardite ou miocardiopatia arritmogénica. A ocorrência de 

eventos cardíacos major associou-se ao estabelecimento de um diagnóstico por RMC, à 

presença e extensão de realce tardio, e às frações de ejeção ventriculares esquerda e direita, 

sendo esta última um preditor independente de eventos. Assim, a RMC deve ser incorporada 

na investigação de PCs após exclusão de uma síndrome coronária aguda. 
Num abrangente estudo observacional prospetivo de jovens adultos saudáveis com 20 

anos de seguimento clínico, o consumo de álcool associou-se a um aumento da massa e do 

volume telediastólico indexados do ventrículo esquerdo, indicando remodelagem cardíaca, 

embora subtil. O consumo de vinho, em comparação com outras bebidas, associou-se a 

menores efeitos deletérios.  

Em doentes com artrite reumatóide (AR) sem doença cardíaca conhecida, uma 

estratégia de rastreio ecocardiográfica identificou disfunção sistólica subdiagnosticada em 4% 

e disfunção diastólica em 13% dos doentes. A idade foi o mais importante e independente 

preditor de função ventricular. Contudo, a determinação de disfunção diastólica permanece 

um desafio e o significado de uma função diastólica indeterminada ainda não é claro. Em 

doentes idosos com AR, o rastreio com ETT pode ser considerado, particularmente se surgir 

algum tratamento modificador de prognóstico para disfunção diastólica. 

Relativamente à amiloidose cardíaca relacionada com transtirretina, foi elaborada uma 

revisão atualizada sobre opções de tratamento. Adicionalmente, foi analisado o papel da 

imagiologia de radionuclídeos no diagnóstico desta miocardiopatia, particularmente em 

doentes com a mutação Val30Met no gene da transtirretina e início precoce. Nestes doentes, 

a cintigrafia com tecnécio-99m e ácido 3,3-difosfono-1,2-propanodicarboxílico (99mTc-DPD) 

mostrou sensibilidade reduzida, significativamente associada à idade de aparecimento de 
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sintomas neurológicos, após ajustamento para outros cofatores. Consequentemente, em 

doentes com a mutação Val30Met e com início precoce de sintomas neurológicos, julgamos 

que este exame não deve ser utilizado para excluir envolvimento cardíaco. Por outro lado, em 

doentes com amiloidose cardíaca por transtirretina selvagem, a imagiologia com 

radionuclídeos teve um bom desempenho diagnóstico.   

Estes estudos debruçam-se sobre diferentes contextos clínicos, mas todos refletem 

como a imagiologia cardíaca providencia, de forma não invasiva, informação importante para 

o diagnóstico e prognóstico de doentes em cenários de atingimento miocárdico indeterminado. 

A deteção de patologia miocárdica num estadio inicial, mesmo quando os sintomas ainda não 

são evidentes, poderá permitir os benefícios de uma intervenção precoce e melhor 

prognóstico. 
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magnética cardiovascular, ecocardiografia, imagiologia de radionuclídeos  
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ABBREVIATIONS  
 
ACM – alcoholic cardiomyopathy 

AC-TTR – amyloid cardiomyopathy caused by transthyretin, mutated (AC-TTRm) or  

                 wild-type (AC-TTRwt) 

AVD – any ventricular dysfunction (systolic, diastolic or indeterminate diastolic function) 

CMR - cardiovascular magnetic resonance  

DD – diastolic dysfunction 

DPD - 3,3-diphosphono-1,2-propanodicarboxylic acid  

EGCG - epigallocatechin-3-gallate 

EMA - European Medicines Agency 

FAP - familial amyloid polyneuropathy 

FDA - Food and Drug Administration 

HF – heart failure 

HFpEF – heart failure with preserved ejection fraction 

hsTnT - high-sensitivity troponin T 

ICD - implantable cardiac defibrillator 

IDF - indeterminate diastolic function  

LA – left atrium (or atrial) 

LGE - late gadolinium enhancement 

LT – liver transplantation 

LV – left ventricle (or ventricular) 

LVEF – left ventricular ejection fraction 

MACE - major adverse cardiac events 

NYHA - New York Heart Association (functional classification of heart failure) 

NT-proBNP – N-terminal prohormone of brain natriuretic peptide 

PVF – preserved ventricular function 

RA - rheumatoid arthritis 

sCA – sudden cardiac arrest (or peri-arrest) 

SD – systolic dysfunction 

6MWT - six-minute walk test  
99mTc – technetium-99m 

TTE – transthoracic echocardiogram 

TTR – transthyretin 

TUDCA - tauroursodeoxycholic acid 
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INTRODUCTION 

 

In Cardiology, as in other areas of Medicine, a correct diagnosis is the cornerstone of any 

clinical approach. Cardiac imaging became the new stethoscope, allowing an early 

identification of precursor pathologic states.  

However, there is still much to know about how several systemic diseases can affect the heart, 

how imaging can help us to better understand cardiovascular risk and what is the relevance of 

those findings in clinical practice. 

While access to different imaging techniques is still very heterogeneous, overall they have 

become much more widespread, efficient, informative and affordable.  

However, imaging alone is seldom sufficient. Integration in the clinical context is needed, 

oftentimes complemented by biomarkers and taking into account comorbidities and 

demographic characteristics. When we seek to make a diagnosis more upstream in the 

pathogenic pathway, this is even more so. Subtle changes are frequently hard to interpret and 

navigating the grey zone between clearly normal and clearly abnormal is quite challenging.  

 

This PhD thesis focuses on the role of non-invasive cardiac imaging in the evaluation of 

underdiagnosed myocardial involvement in four different clinical settings.  

The unclarified issues that led to research papers in the context of this Doctoral Program are: 

etiologies and prognosis of non-ischemic and potentially fatal ventricular arrhythmias; the 

impact of alcohol intake in cardiac remodeling; subclinical ventricular dysfunction in a model 

of autoimmunity; and diagnosis of cardiac changes caused by transthyretin amyloidosis. 

Different imaging techniques can provide some enlightening into these clinical scenarios. 

Determining whether there is myocardial damage can have an impact on the treatment and 

follow-up that is offered to these patients. 

 

 

Background 

 

Project A) 
Survivors of sudden cardiac arrest or a peri-arrest event (sCA) have increased, due to the 

development of emergency response teams and to the advances in intensive care [1]. 

Determining the diagnosis underlying a potentially fatal arrhythmia or sudden cardiac arrest is 
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challenging [2-5], particularly when no significant coronary artery disease is seen in the 

coronary angiogram, and can have repercussions in clinical management and prognosis. 

Although recurrent arrhythmia rates are high following the index sCA and most survivors 

receive implantable cardiac defibrillators (ICDs), some causes of sCA may be transient and 

only temporary secondary arrhythmia prevention may be needed [6]. Additionally, inherited 

cardiac conditions are frequently identified as causes of sCA and an accurate diagnosis is 

essential for genetic testing and for family counselling and screening [7, 8]. 

Most studies of sCA have included patients both with and without coronary artery disease.  In 

those excluding coronary disease, the majority are post-mortem studies in non-survivors [2, 9, 

10] or focus only on the young and/or athletes.  

Cardiovascular magnetic resonance (CMR) is non-invasive, radiation-free and acquires 

pictures with high spatial resolution. It can detect subtle structural, functional and tissue 

abnormalities of the cardiac muscle. In combination with other assessments, CMR can 

increase our ability to diagnose many of diseases affecting the heart muscle that are most 

commonly associated with sCA [11, 12]. One of the most used CMR sequences detects late 

gadolinium enhancement (LGE), that usually reflects necrosis or fibrosis of the myocardium, 

and has been found to have prognostic value across a variety of cardiac diagnoses and clinical 

settings [13-16]. 

CMR is therefore likely to have an additional role in determining the substrate of ventricular 

arrhythmias in sCA survivors, and in identifying those patients at greatest risk of recurrent 

arrhythmias [12, 17, 18]. 

 

Project B)  
The relationship between alcohol intake and cardiac remodeling is incompletely understood. 

Specifically, a threshold for alcohol-induced cardiotoxicity and the impact of alcohol use and 

its modulators on ventricular dysfunction remain controversial. 

Alcohol intake is frequent in Europe and in the United States of America [19, 20]. Its abuse is 

a known risk factor for heart failure (HF) and for the development of alcoholic cardiomyopathy 

(ACM) [21, 22]. Previous observational studies have shown that up to one third of those 

diagnosed with dilated cardiomyopathy report an excessive alcohol intake [23, 24] and that 

alcohol abstinence can significantly improve both left ventricular (LV) function and symptomatic 

HF [25]. ACM is usually a presumptive diagnosis, reserved for patients with a heavy drinking 

history, LV systolic dysfunction and increased volumes and no other known cause to justify 

their cardiac impairment [26-28]. Alcohol can also have a deleterious cardiac effect by 

triggering arrhythmias [29] or hypertension [30]. 

Alcohol consumption is usually quantified using “standardized drinks”, adjusting to the amount 
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of alcohol in wine, beer or liquor, so that a standardized drink corresponds to 17.24mL or 14g 

of ethanol. Subjects can be categorized according to a modified version of the National Institute 

of Alcohol Abuse and Alcoholism (NIAAA) classification [31]: alcohol abstainers (no alcohol 

consumption); participants who consumed on average >0 and <4 standardized drinks per week 

(very low risk); ≥4 and <7 (low risk); ≥7 and <14 (at risk) and ≥14 (high risk).  

However, the relationship between alcohol intake and cardiac disease does not seem to be 

linear [32] and, in fact, mild to moderate alcohol consumption (up to 1 standardized drink per 

day for women and up to 2 drinks per day for men) may even be beneficial, specifically 

concerning coronary artery disease [33] and even in the development of heart failure [34, 35]. 

Finally, “idiopathic” non-ischemic dilated cardiomyopathy is often diagnosed in patients who 

also report a history of alcohol intake, albeit generally mild to moderate [27, 36]. 

Other studies had shown an association between alcohol and subtle echocardiographic 

changes in cardiac morphology and function [37, 38], however, most studies were either cross-

sectional or performed over a short follow-up period in older individuals. The impact of the 

drinking pattern and preferred beverage type was also unclear. 

Clarifying these issues would not only be important for the prevention and management of 

alcoholic dilated cardiomyopathy, but could also have a significant impact on public health. 

 

Project C)  
Rheumatoid arthritis (RA) is a chronic autoimmune disease, with an estimated prevalence of 

1% in adults [39, 40], which has been increasing [41]. Cardiovascular diseases are the main 

cause of death in patients with RA, who have a shortened life expectancy, by 5 to 10 years, 

compared to the general population [42, 43].  

The increased cardiovascular risk in RA patients (around 50%) [44], that is comparable to the 

risk imposed by diabetes mellitus, goes beyond traditional risk factors [45]. The mechanisms 

underlying an increased atherosclerotic burden in AR relate to the dismal effects of a chronic 

inflammatory state [46].  

More recently, a two-fold increased risk of heart failure (HF) has also been documented in 

these patients [47-49], not entirely explained by coronary artery disease [50]. The fact that the 

incidence of HF increases after the diagnosis of RA suggests that inflammation plays a part in 

the pathophysiology. Diastolic dysfunction, more than reduced ejection fraction, appears to be 

common in RA patients [51]. 

Heart failure symptoms are difficult to ascertain in these patients, making the diagnosis 

challenging and contributing to a worse prognosis. Cardiac dysfunction is probably 

underdiagnosed in these patients.  

An echocardiographic assessment may identify those cases, with potential relevance to the 
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therapeutic approach and, subsequently, to the evolution of the disease. 

Moreover, the prevalence of “silent” cardiac dysfunction in RA patients, the correlation with 

cardiac biomarkers, and its relationship with disease activity and with RA medication are still 

unclear and there are no recommendations regarding heart failure screening in RA. 

 

Project D)  
Cardiac amyloidosis related to transthyretin (TTR) can be caused by mutations in the TTR 

gene or due to conformational changes in the wild-type protein related to the ageing process 

(previously addressed as senile amyloidosis). In both cases, the tetrameric structure of the 

transthyretin protein becomes more susceptible to breakdown into monomers, which in turn 

can form amyloid fibrils that tend to infiltrate the extracellular space. Those fibrils can deposit 

in the heart, causing an infiltrative cardiomyopathy [52] (amyloid cardiomyopathy due to 

transthyretin - AC-TTR) and/ or disturbances in the cardiac electric conduction system [53].  

Transthyretin is mainly produced by the liver and acts as a transporter of retinol and thyroxine. 

Several mutations in TTR have been described, with genotype-phenotype correlation and 

different penetrance [54, 55]. A phenotype of predominant peripheral neuropathy (familial 

amyloid polyneuropathy - FAP) is estimated to affect 10.000 people worldwide [56]. It is 

relatively rare, but endemic in Portugal, and usually presents as an irreversible sensorimotor 

and autonomic neuropathy, particularly frequent in cases of Val30Met mutation (“Portuguese 

variant”) [57] – recently renamed Val50Met [58] (since the designation Val30Met is still more 

widespread in the literature, we chose to use it). In the case of early-onset TTR Val30Met 

disease, the predominant variant in Portugal, it has been described essentially as a 

progressively disabling peripheral polyneuropathy, that can also affect the autonomous 

nervous system (with dysautonomia, gastrointestinal and urologic symptoms), the eyes, 

kidneys and even the central nervous system. The cardiac involvement that has been 

described in the majority of the “Portuguese variant” cases consists of disturbances in the 

heart’s electric conduction system, whereas myocardial dysfunction has been rarely reported. 

However, we have been noticing more cases of late-onset phenotype and the increase in 

survival may allow late manifestations of heart disease in patients with early-onset FAP. That 

increase in life expectancy was driven by liver transplantation (LT), that arouse as the first 

effective therapy in these patients [59]. However, there is evidence that cardiovascular 

involvement can progress even after LT, particularly in late-onset disease or caused by other 

TTR variants [60, 61].  

Some mutations lead to a predominantly cardiac phenotype, such as  Val122Ile, found in 3.4% 

of African-Americans [62], or Thr60Ala (respectively, Val144Ile and Thr80Ala in the new 

nomenclature). 
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On the other hand, wild-type TTR amyloidosis affects predominantly elderly men and is more 

common worldwide, albeit underdiagnosed [63-68]. It can be present in 13% of the cases of 

heart failure with preserved ejection fraction (HFpEF) [65] and in 6 [66] to 16% [67] of the 

patients with aortic stenosis. Its hallmark is amyloid cardiomyopathy. The exact mechanisms 

related to the ageing process that make some subjects prone to the disease are still unclear.  

Recently, tafamidis (a stabilizer of the transthyretin tetramer) became the first drug approved 

for the treatment of the AC-TTR, mutated or wild-type [69], after having already being approved 

for FAP in Europe [70]. However, the long-term impact of the drug in the cardiovascular system 

is still unclear.  Several other drugs are being tested for AC-TTR. 

The evolution of cardiac changes with different therapies, the threshold for placing a 

pacemaker [71], as well as the prognosis and the best treatment plan for FAP are still under 

debate. 

Given that Centro Hospitalar Universitário do Porto is a reference center for FAP patients, it is 

of upmost importance to clarify how to diagnose and treat cardiac amyloidosis caused by 

mutated TTR.  

In clinical practice, amyloid cardiomyopathy caused by TTR (AC-TTR), both mutated (AC-

TTRm) or wild-type (AC-TTRwt) is diagnosed essentially the same way: using 

echocardiography, radionuclide imaging or cardiac magnetic resonance (CMR). A more 

invasive approach using endomyocardial biopsy is rarely used.  

Given the reduced availability of CMR and the fact that many patients have a pacemaker, we 

have been using essentially echocardiography to identify myocardial involvement. Bone 

scintigraphy using radioactive 99m-technetium (99mTc) biphosphonate derivatives, such as 3,3-

diphosphono-1,2-propanodicarboxylic acid (99mTc-DPD), pyrophosphate (99mTc-PYP) or  

hydroxymethylenediphosphonate (99mTc-HMDP), has been increasingly used to diagnose AC-

TTR [72, 73], even obviating the need of histologic confirmation of amyloid [73].  
99mTc-DPD scintigraphy uses a qualitative assessment of cardiac uptake relative to the bones, 

with a grading system 0-3 [74]. Usually, a visual DPD score>1 (moderate or intense cardiac 

uptake) is considered positive [74, 75]. Mild cardiac uptake (score=1) may also be noted [76], 

but is not considered diagnostic [75, 77], although it may lead to further investigation. 

Most studies that proved a high sensitivity [78, 79] and specificity [80] of the technique were 

not done in patients with the “Portuguese TTR variant” (Val30Met) and other authors had 

suggested that different types of fibrils in these patients could account for different results in 
99mTc-DPD scintigraphy [81, 82]. 

Analyzing the performance of radionuclide imaging in these patients is important, since a 

negative 99mTc-DPD scan is interpreted as excluding cardiac involvement, withholding specific 

treatment.  
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Aims  

 

The thesis subdivides into four projects, with the following models and objectives:  

 

A) 
Consecutive patients admitted at the London Chest or Heart Hospital (now part of Barts Heart 

Centre), who survived a resuscitated cardiac arrest or sustained ventricular tachycardia with 

hemodynamic instability requiring emergent cardioversion (a peri-arrest scenario), between 

2008 and 2014, were evaluated and followed-up until 2017. 

In survivors of cardiac arrest or potentially fatal cardiac arrhythmias, without coronary artery 

disease or an established diagnosis, the added value of cardiovascular magnetic resonance 

(CMR) was assessed. We aimed to determine the proportion of patients in whom CMR was 

determinant for the diagnosis and its value in secondary prevention (in predicting new events 

during follow-up). Furthermore, another objective of this study was to describe the etiologies 

underlining these malignant cardiac arrhythmias and to evaluate if the cardiac arrest per se, 

regardless of the mechanism, caused changes in CMR scans. 

 

B) 
Our goal was to analyze the relationship between alcohol intake and the development of 

cardiac remodeling/ dysfunction, as observed by echocardiography, in a healthy cohort of 

individuals prospectively followed during 20 years – the Coronary Artery Risk Development in 

Young Adults (CARDIA) study.  

The echocardiographic outcomes were left ventricular ejection fraction (LVEF), body surface 

area indexed LV end-diastolic volume (iLVEDV) and LV mass (iLVmass), and left atrial (LA) 

diameter. Participants were grouped according to their weighted-average weekly drinking 

habits. We also performed an analysis using the estimated cumulative alcohol consumption 

across the 20 years of follow-up. 

We hypothesized that alcohol intake would be associated with LV systolic impairment and 

dilatation. A secondary goal was to assess if this association was modified by gender or race, 

and if the pattern of drinking and type of predominant beverage had an impact on the 

occurrence of cardiac changes.  

 

C) 
This was a prospective study in rheumatoid arthritis (RA) patients followed in the outpatient 

clinic of Autoimmune Diseases at Centro Hospitalar Universitário do Porto, without known 
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heart disease.  

Patients were divided into 4 categories of ventricular function, according to transthoracic 

echocardiogram (TTE) results: preserved ventricular function (PVF); systolic (± diastolic) 

dysfunction (SD); (isolated) diastolic dysfunction (DD); and indeterminate diastolic function 

(IDF), following the 2016 guidelines for diastolic evaluation [83].  

We grouped patients with IDF, DD or SD into one category of “any ventricular dysfunction” 

(AVD), that was compared with PVF. 

Finally, using criteria from the 2016 European Heart Failure guidelines [84], we also analyzed 

a category of potential subclinical heart failure with preserved ejection fraction (“HFpEF risk”), 

with the following characteristics: LVEF >50% and NT-proBNP (N-terminal prohormone of 

brain natriuretic peptide) > 125 pg/mL and structural echocardiographic changes (left 

ventricular hypertrophy or indexed LA volume or diastolic dysfunction as per 2016 

echocardiographic guidelines).  

Our main goals were to assess the prevalence and type of cardiac dysfunction in RA patients 

without known heart disease and to identify the predictors of ventricular dysfunction (and the 

patients that would benefit the most from the screening). 

We also wanted to to analyze the factors associated with “HFpEF risk” and validate the value 

of the identification of subclinical ventricular dysfunction by analysing associations with 

surrogate prognostic markers.  

Finally, we compared the patients’ classification of ventricular function using the 2016 

echocardiographic guidelines [83] with the categorization using the previous guidelines from 

2009 [85].  

 

We also elaborated another research paper (C’), currently under review, that is not the main 

focus of this thesis, but that was also about heart failure in rheumatoid arthritis and will be 

briefly addressed in the Discussion. Its aims were to determine the prevalence, clinical risk 

factors, and proteomic biomarkers associated with HF in RA patients. 

 

D) 
The project on transthyretin cardiac amyloidosis is mainly reflected in 2 papers.  

In D1), the current and future treatments for amyloid cardiomyopathy caused by transthyretin 

(AC-TTR) are reviewed.  

Using the Pubmed database, we analyzed original articles focusing on different treatments for 

AC-TTR, namely: liver and cardiac transplantation, tafamidis, patisiran, inotersen, diflunisal, 

doxycycline and green tea extract (epigallocatechin-3-gallate - EGCG).  

Most of these treatments have been more deeply investigated for the treatment of FAP, but 
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we focused on the evidence regarding their effectiveness and safety in AC-TTR.  

D2) was an observational retrospective study that included patients followed at the Cardiology 

outpatient clinic, affiliated with the Corino de Andrade Unit of Centro Hospitalar Universitário 

do Porto. 

We evaluated the results of 99mTc-DPD scintigraphy – the bone scan most commonly used in 

Europe – in a sample of patients with suspicion of AC-TTRm (all with Val30Met mutation), and 

compared them with Val30Met carriers without signs of cardiomyopathy, and with AC-TTRwt 

patients. Our aim was to estimate the sensitivity of 99mTc-DPD scintigraphy for AC-TTR 

diagnosis in different settings, particularly in patients with the Val30Met TTR variant. We 

investigated the influence of certain factors, such as the etiology, age of onset and the type of 

treatment (specifically, liver transplant or tafamidis treatment).  

A secondary goal was to describe the type of cardiac changes found in this sample of early-

onset Val30Met TTR patients, in terms of myocardial disease and conduction/ arrhythmic 

disorders, particularly after liver transplantation.  

 

This subject of cardiac amyloidosis was also explored in smaller articles published as abstracts 

and presented in scientific meetings (CV annexes).  
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This thesis contains materials and results from the following papers, which were published, 

accepted or submitted for publication. The author of this dissertation has contributed actively 

in their conceptualization, execution, analysis, interpretation and writing. 

 

A)  Rodrigues P, Joshi A, Williams H, Westwood M, Petersen SE, Zemrak F, Schilling RJ, 

Kirkby C, Wragg A, Manisty C, Mohiddin S. Diagnosis and prognosis in sudden cardiac 

arrest survivors without coronary artery disease: utility of a clinical approach using 

cardiac magnetic resonance imaging. Circ Cardiovasc Imaging 2017; 10(12): e006709. doi: 

10.1161/CIRCIMAGING.117.006709. 
 

B) Rodrigues P, Santos-Ribeiro S, Teodoro T, Gomes FV, Leal I, Reis JP, Goff DC Jr, 

Gonçalves A, Lima JA. Association between alcohol intake and cardiac remodeling. J Am 

Coll Cardiol 2018; 72(13): 1452-1462. doi: 10.1016/j.jacc.2018.07.050. 
 

C) Rodrigues P, Ferreira B, Fonseca T, Quelhas-Costa R, Cabral S, Loureiro-Pinto J, Saraiva 

F, Marinho A, Huttin O, Girerd N, Bozec E, Cyrne Carvalho H, Ferreira JP. Subclinical 

ventricular dysfunction in rheumatoid arthritis --- submitted, under review 

 

D1) Rodrigues P, Simões S, Reis H. Tratamento da miocardiopatia amiloidótica por 

transtirretina (Treatment of transthyretin amyloid cardiomyopathy). --- submitted, under 

review 

 

D2) Rodrigues P, Frias AD, Gouveia P, Amorim I, Reis H, Trêpa M, Costa R, Oliveira MF, 

Palma P, Cyrne Carvalho H, Torres S. Radionuclide imaging in the diagnosis of 

transthyretin cardiac amyloidosis: different sensitivity in early-onset Val30Met 

mutation? --- submitted, under review 

 

 

 

Addendum: By the time this thesis was presented, paper C) had already been published in 

International Journal of Cardiovascular Imaging and project D2) had been accepted for 

publication in JACC Cardiovascular Imaging. 
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Kirkby C, Wragg A, Manisty C, Mohiddin S. Diagnosis and prognosis in sudden cardiac 

arrest survivors without coronary artery disease: utility of a clinical approach using 

cardiac magnetic resonance imaging. Circ Cardiovasc Imaging 2017; 10(12): e006709. doi: 

10.1161/CIRCIMAGING.117.006709. 
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DISCUSSION 
 

A) 

Ischemic heart disease has dominated the list of sCA etiologies [86, 87], but the proportion of 

non-ischemic causes has been increasing, probably due to the success of medication, 

myocardial revascularization techniques and devices. Our understanding of the causes lying 

behind non-ischemic sCA in the general population is still limited [10, 88] and it was one of the 

goals of this project.  

In our study of 164 sudden cardiac arrest survivors (65% men, mean age 48 years), CMR was 

crucial for the diagnosis of 30% of the cases and contributed to the diagnosis in 49%. Using a 

standardized clinical pathway for the investigation of sudden cardiac arrest, including CMR, a 

cause can be identified in nearly two thirds of patients.  

The most frequent sCA etiologies detected by CMR were dilated cardiomyopathy (17%), 

myocarditis or sarcoidosis (13%), occult myocardial infarction (8%), and hypertrophic 

cardiomyopathy (6%).   

Another study, including 137 cardiac arrest survivors [11] without a clear diagnosis before 

performing CMR, reported a higher prevalence of myocardial infarction (58% of patients), 

possibly related to the application of different angiographic criteria for inclusion (we excluded 

coronary disease with any stenosis >30%).  

Primarily arrhythmic causes (caused by channelopathies, accessory pathways with fast 

conduction, or toxic/ionic disturbances) were found in 14% of the cases and they had 

significantly fewer major adverse cardiac events (MACE) - comprising significant nonfatal 

ventricular arrhythmia or death - compared to other patients.  

Minor and nonspecific changes not suggestive of a specific diagnosis were found in 30 CMR 

scans (18% of the total, 35% of those without a diagnosis), with 22 patients (13%) having 

subtle and/or non-specific LGE findings – that were not associated with prognosis.  

About a third of the patients had a completely normal scan – suggesting that detectable 

changes in CMR cannot be attributed to cardiac arrest and resuscitation per se.  

During a median follow-up of 32 months, MACE occurred in 31% of subjects. An ICD was 

placed in 70%. MACE were associated with the establishment of a diagnosis by CMR, extent 

and presence of LGE, left and right ventricular ejection fractions. The latter was an independent 

predictor of MACE.  

LGE extent was not an independent prognostic marker in this cohort, although this may be due 

to the study power or the method used for scar quantification [89-91]. LGE was automatically 

quantified using a threshold of 5 standard deviations above the mean signal intensity of the 
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remote myocardium [90], but the best method for quantification is not consensual.  

The main limitations of our study are its retrospective design and possible selection bias, with 

obvious under-representation of patients with a more malignant course that did not survive 

before reaching the hospital. Follow-up was not homogeneous and not all patients had an ICD 

allowing continuous rhythm monitoring. Endomyocardial biopsy was rarely performed and 

genetic testing did not follow any specific protocol; both could add valuable information and 

should be considered in future studies. 

 

B) 
We investigated the effects of alcohol intake on cardiac remodeling and function over time, in 

a healthy sample of young adults of the CARDIA cohort.  

The major strength of the current study was that it analyzed a large race- and sex-balanced 

sample with a long follow-up. Besides utilizing a very complete dataset, we also performed a 

robust analysis with multiple adjustments for covariates, in order to minimize the likelihood of 

confounders. 

In our study, greater alcohol consumption was associated with higher values of indexed LV 

end-diastolic volume (iLVEDV) and LV mass (iLVmass), suggesting that alcohol may cause 

LV remodeling, which can be detrimental [92-95] and represent the earliest stage of a dilated 

cardiomyopathy phenotype.  

We did not find a significant association with LVEF, although it was mildly increased in very 

low-risk drinkers.  

The absolute changes in echocardiographic parameters were small and overall the values 

remained within normal limits. Alcohol intake was generally mild (the majority drank <7 

standardized drinks per week), which may have limited the conclusions about higher levels of 

consumption. Therefore, our results reinforce the concept that mild alcohol consumption poses 

low cardiovascular risk. 

Other authors had shown that women are more susceptible to alcohol toxic effects [96, 97], 

but in our analyses gender and race had little impact on the results. We merely found some 

interaction regarding LA diameter, that had a significant non-linear association with alcohol 

intake only in women and black participants. 

The relationship between specific types of alcoholic beverages and ventricular function has 

been unclear [98, 99] and our data suggested that the type of beverage can also play a role, 

with liquor and beer appearing to be more detrimental than wine. However, more studies 

focused on the type of beverages are needed to extrapolate a robust conclusion.  

Binge-drinking, a behavior previously correlated primarily with arrhythmias, specifically atrial 

fibrillation [100], was also associated with adverse cardiac remodeling, but only in the crude 
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analysis, possibly due to the small sample of binge-drinkers.  

Some factors, such as male gender, Caucasian race, smoking, illicit drug use and high physical 

activity, were related to higher alcohol intake and this can help to target public health 

campaigns.  

Our research, as well as other studies that focused on drinking or eating habits, has several 

limitations: it is observational, the patterns change over time, there can be sampling bias and 

recall bias. Adjusting for confounding factors that are hard to determine, such as genetics or 

diet, could not be made.  

Even though the best dependent variable was probably the intra-individual variation of each of 

the echocardiographic parameters, we could only calculate the variation in iLVEDV and LVEF 

in approximately half the sample, since the quantification methods were different. This may 

explain the absence of significant associations between alcohol intake and echocardiographic 

findings in that analysis. Therefore, as most studies about alcohol intake, our main analysis 

focused on the echocardiographic measurements at the end of follow-up, excluding those with 

signs of dilated cardiomyopathy or other heart disease at baseline.  

Further studies with long term follow-up of heavy drinkers could help us to determinate the 

modulators of alcohol effect in the heart. Prospectively studying the effects of alcohol 

abstinence in a population of dilated cardiomyopathy could also enlighten the potential 

reversibility of alcohol toxicity.  

 

C) 
In our sample of RA patients without known cardiac disease, echocardiographic screening 

detected SD in 4% and DD in 13%.  

Age, hypertension, dyslipidemia, corticosteroids and eGFR were associated with ventricular 

dysfunction, but age stood out as the most important independent predictor. The best cut-off 

point in terms of the best sum of sensitivity and specificity was 57 years old. 

Even though SD prevalence was similar to what had been described before, DD was less 

common. Previous studies reported a prevalence of 30-50% in RA patients versus 25-30% in 

the general population [101, 102]. However, previous studies considered patients who already 

had cardiovascular events and different definitions of DD were used across studies. Most 

previous studies used the 2009 European guidelines for diastolic classification [85], that in our 

study had a poor agreement with the 2016 European/ American guidelines, as others had 

shown [103]. Invasive studies suggested that the 2016 guidelines are more specific [104] and, 

comparing with the 2009 classification, we found fewer cases of DD (13% instead of 23%) and 

IDF (11% instead of 47%). The prevalence of DD in the general population is also much lower 

in other studies that used the 2016 guidelines (around 1.3%) [105]. 
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Additionally, in many studies, the presence of one DD parameter was sufficient for labelling 

patients with DD and the majority did not specify exactly how they coded patients, particularly 

if some parameters were missing.  In our study, TR velocity could not be properly assessed in 

more than half of the patients, which seems to reflect what happens in the real world. This 

meant that in those patients with only 3 available parameters according to the 2016 algorithm, 

none could be classified with IDF and patients with only 2 abnormal parameters out of 3 were 

classified with DD (even though it is unlikely that the pulmonary pressures were significantly 

increased in patients without significant tricuspid regurgitation). 

One could also argue that in patients with ventricular hypertrophy a different algorithm could 

have been applied, proposed for myocardial disease in the 2016 guidelines [83], but this was 

not done in other studies either.  

Additionally, in the elderly, normal echocardiographic parameters are different from a younger 

population and neither the 2009 nor the 2016 classifications contemplate that. 

In fact, the absence of a gold-standard and consensual definition of DD across studies makes 

the comparison difficult [106]. We used a particular study for comparison, that described a 

cohort of the general population, with the same characteristics as our sample except for RA 

(conducted in the same city and with similar distribution of age, gender and cardiovascular risk 

factors), also using the 2016 European/ American echocardiographic guidelines for diastolic 

classification [103]. Using it as our “control” group, we can infer that DD prevalence was 

significantly higher in RA patients (13% vs 1.4%; p<0.001).  

According to the 2016 European HF criteria [84], HFpEF features were found in 13%, but 

interestingly they did not correspond well to ventricular dysfunction categories. The terms DD 

and HFpEF are often used interchangeably, but their overlap seems limited.  

There were few cardiovascular events, so we considered it underpowered to detect an 

association between echocardiographic classification and events. There was a significant 

association between surrogate prognostic markers - such as the distance in the 6-minute walk 

test (6MWT), NT-proBNP and high-sensitivity troponin T (hsTnT) - and ventricular function. 

Those biomarkers and the functional capacity estimated by the 6MWT were also associated 

with the echocardiographic parameters most frequently used to assess diastolic function 

(interventricular septum diameter, LV mass, average E/e’ ratio, lateral e’, LA volume, tricuspid 

regurgitation velocity, E/A ratio). However, those surrogate markers were also higher in IDF 

and still within the normal range in RA patients, making it challenging to apply them in clinical 

practice.  

Contrary to what we had hypothesized, we did not find significant independent associations 

between characteristics of RA disease and subclinical ventricular dysfunction, but we should 

be aware that our sample had particularly low disease activity in this modern era of treatment.  
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Our study has several limitations: it is observational; the sample size and low prevalence of 

systolic and diastolic dysfunction could have limited the detection of independent predictors of 

SD and DD; follow-up is short; there is no control group (although we used a cohort from the 

general population [103] for comparison).  

We intend to reduce these limitations in future studies, having planned a long-term follow-up 

of these patients, particularly those with indeterminate diastolic function, to ascertain what is 

their evolution and prognosis. We also want to investigate if there is an added value of 

longitudinal global strain analysis (that can represent a precursor stage of systolic impairment) 

in this context.  

 

C’) Related article under review: 

Ferreira MB, Fonseca T, Costa R, Marinho A, Cyrne-Carvalho H, Zannad F, Rossignol P, 
Gottenberg JE, Saraiva F, Rodrigues P, Barros A, Ferreira JP. Prevalence, risk factors 

and proteomic bioprofiles associated with heart failure in rheumatoid arthritis: the RA-

HF study.  
Using the same initial cohort of RA patients, but not excluding those with known heart diseases, 

we found that 115/355 (32%) had “HF” - defined as NT-proBNP >125 pg/mL and at least one 

structural or functional echocardiographic change (i.e, left ventricular hypertrophy, left atrial 

enlargement or left ventricular systolic or diastolic dysfunction) or use of loop diuretics or HF 

history. 

Only 7% had a previously established HF diagnosis. Age, classic cardiovascular risk factors 

(diabetes, hypertension, obesity, dyslipidemia, atrial fibrillation and arterial ischemic disease) 

and RA duration increased the HF odds. 

Several protein-biomarkers remained independently associated with HF, namely 

adrenomedullin, placenta-growth-factor, tumor necrosis factor (TNF)-receptor-11A, and 

angiotensin-converting-enzyme-2. Similar HF-associated biomarker pathways were externally 

replicated in patients without RA.  

Having RA plus HF greatly increased the risk of cardiovascular events after an average of 4 

years of follow-up (hazard ratio= 3,5; 95% confidence interval (1.04-12.1); p =0.044). 

Overall, we found that HF in RA patients largely shares the features of non-RA patients. 

Therefore, RA patients are probably responsive to the same treatment options used in the 

general population, while HF seems to be underdiagnosed in this population. 

 

D) 
D1)  
Liver transplantation (LT) was the first effective treatment for FAP and significantly increased 



 

DISCUSSION	   113 

 

the survival of these patients, particularly in early-onset Val30Met TTR cases [107]. However, 

the reduced organ availability, peri-procedural morbi-mortality and the risks associated with 

long term immunosuppressive therapy are important limitations [108]. Moreover, others have 

shown that cardiac disturbances [61] (and eye involvement) can progress after LT, and we 

have also shown that cardiomyopathy can develop many years after LT in our population of 

Val30Met mutation (study D2). This has been attributed to seeding phenomena and to the 

deposition of wild-type TTR after LT [109]. Still, LT seems to be a good option for early-onset 

Val30Met FAP patients [110] and we do not have such a long follow-up with any of the drugs. 

However, LT is not applicable in cases of established cardiomyopathy nor obviously in wild-

type TTR amyloidosis.  

In the past few years, several drugs have been tested that act in different parts of the 

amyloidogenesis cascade.  

 

Tafamidis is the only drug with a robust randomized clinical trial (ATTR-ACT) [69] focused on 

AC-TTR treatment, that will be discussed with more detail. Tafamidis has a good safety profile, 

without frequent serious adverse events reported, and has oral administration. The ATTR-ACT 

trial had a follow-up of 30 months and tafamidis showed a 31% relative reduction in the 

occurrence of hospitalizations or death. This was in line with a lower increase in NT-proBNP 

levels and a smoother decline in functional capacity and quality of life. The reduction in all-

cause mortality was seen after 18 months of treatment.  Approximately ¾ of the patients had 

AC-TTRwt and amongst the participants with TTR mutation, very few had Val30Met. In the 

subgroup of ATTRm, there was not a significant improvement in the treatment arm, but this 

might have been due to the small group size.  

Patients in New York Heart Association classification (NYHA) class IV were excluded. In 

patients with NYHA class III there was not a significant benefit of the treatment. In that 

subgroup, the hospitalization rate was higher with tafamidis versus placebo, while survival was 

not statistically different.  

The absence of significant echocardiographic changes between tafamidis and placebo is also 

not clear.  

Two doses of the drug were tested, but there were no significant differences between them, 

even though there was a trend towards greater efficacy with 80mg versus 20mg of tafamidis 

meglumine. The 20mg dosage of tafamidis had been used for the treatment of FAP [70, 111]. 

Prior studies, with fewer patients and open-label, had also used the 20mg dose and had shown 

modestly positive results [112-115]. However, some small studies suggested that a higher 

dose would provide maximal kinetic stabilization of TTR [116]. 

Another formulation of 61mg of tafamidis (free acid, not meglumine) is also available and 
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considered equivalent to the 80mg dose of tafamidis meglumine – and these 2 doses were the 

ones approved by the FDA (Food and Drug Administration) and EMA (European Medicines 

Agency). This can have implications in cost-effectiveness balance.  

Finally, in the main article, one of the exclusion criteria is “an implanted cardiac device”, which 

can be misleading. In fact, only an “implanted cardiac mechanical assist device” was an 

exclusion criteria, as well as having an indication for pacemaker but not having it placed. While 

“implanted cardiac mechanical assist device” concerns advanced ventricular assistance, “an 

implanted cardiac device” may be referring to a pacemaker, cardiac resynchronization therapy 

(CRT) or implantable cardiac defibrillator (ICD). Since conduction disorders are frequent in 

amyloidosis, if carriers of any cardiac device were excluded, this would limit the use of the drug 

significantly. In the trial appendix, it is clear that some participants had a pacemaker or ICD, 

and we confirmed this with the authors. 

 

Diflunisal is a known non-steroidal anti-inflammatory drug, which is also a TTR stabilizer. 

Concerns have been raised about possible hemodynamic decompensation, worsening of renal 

function and bleeding risk, but the very small studies available did not show major safety issues 

[117-119]. It has a very reduced cost but lacks substantial data showing efficacy in AC-TTR. 

AG10 is another TTR stabilizer, that is currently being tested in AC-TTR.  

 

In comparison with TTR stabilizers, the suppression of TTR altogether may have the 

advantage of also inhibiting the production of fibrils due to TTR proteolysis [81]. However, we 

will need data about the long-term effects of TTR suppression. 

Patisiran and inotersen both block the production of TTR and have been approved for FAP. 

We still await studies focusing on AC-TTR and for now only have subanalyses of the FAP trials 

using these two drugs, that in both cases excluded patients with NYHA class III or IV. The 

subanalysis of the APOLLO trial [120], patisiran showed promising results in terms of 

echocardiographic parameters and NT-proBNP. However, events were not significantly 

different and the few deaths that occurred in the treatment arm were HF-related.  

In the inotersen substudy [121], no significant changes were noted with inotersen versus 

placebo regarding echocardiographic parameters or events (although there was a trend 

towards more adverse events in the treatment arm). The major adverse events were 

thrombocytopenia and renal failure.  

Studies with other small interfering ribonucleic acids (siRNA) or antisense oligonucleotides are 

also ongoing.  

 

Epigallocatechin-3-gallate (EGCG) – green tea extract – has shown some promising results in 
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small observational studies, but without a control group and with only 1 year of follow-up [122, 

123].  

 

Doxycycline and tauroursodeoxycholic acid (TUDCA) have been used for many years with 

other purposes, but can also promote amyloid degradation. Small studies using this 

combination, without a control arm, have shown stabilization of echocardiographic parameters 

[124, 125], and it is an inexpensive treatment. However, approximately 10% of the patients do 

not tolerate it.  

 

Even though it transcends the focus of our review, in order to ensure justice and equitable 

distribution of resources in healthcare, these innovative drugs need to be affordable [126], 

particularly if we want to use them in AC-TTRwt, that is a not so rare disease.  

 
D2) 
In our sample of AC-TTRm (all with Val30Met mutation), the sensitivity of a positive 99mTc-DPD 

scan (defined as a visual score >1) was only 41%. Age at neurologic onset stood out as an 

independent predictor of the scintigraphy result (median age of 32 in DPD-negative vs 66 years 

old in DPD-positive; p<0.001).   

Even increasing the echocardiographic cut-off to >14 mm (moderate left ventricular 

“hypertrophy”), we would diagnose only 51% of those patients with the 99mTc-DPD scan.  

We have no evidence to say that decreasing the cut-off to any visual score>0 would be more 

accurate.   

Colleagues from Lisbon had already suggested that radionuclide imaging could have worse 

performance in diagnosing Val30Met patients with familial amyloid polyneuropathy [127].  

The 99mTc-DPD scintigraphy results were significantly associated with age and with the timing 

of presentation – negative DPD patients being significantly younger and with early-onset of 

neurologic and cardiac symptoms. Additionally, DPD negative patients had more frequent and 

more severe neurologic symptoms; involvement of other organs was also more common.  

In patients that underwent liver transplantation (LT) - that took place on average 16± 5.6 years 

before - the sensitivity of DPD scintigraphy was particularly poor (4%).  We can deduce that 

patients that develop AC-TTRm after LT are probably underdiagnosed. Moreover, treatment 

for AC-TTR in LT recipients is lacking, since drug trials exclude these patients, that therefore 

are not entitled to any specific therapy in clinical practice, not even patients that developed the 

disease after domino liver transplantation. Therefore, studies testing drugs approved for AC-

TTR in patients after LT would be important and this is one of our objectives for the future.  
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Tafamidis was not associated with the 99mTc-DPD scintigraphy result, but patients were taking 

the drug for a relatively short period of time.  

There were few patients with Val30Met mutation without cardiomyopathy, so we cannot 

properly compare them with AC-TTRm patients. However, we observed that they were 

younger and were more frequently medicated with tafamidis. We excluded 5 patients that might 

have cardiomyopathy not identified using ventricular wall thickness criteria – in fact, in older 

patients without LT, radionuclide imaging may be more sensitive than echocardiography.  

Our study confirmed that the estimated sensitivity of 99mTc-DPD scintigraphy in cases of AC-

TTRwt is good. Compared with AC-TTRm, those patients were older and myocardial 

involvement was more exuberant: wall thickness and LV mass were higher, LV systolic 

dysfunction was more common, NT-proBNP levels were higher, the use of loop diuretics more 

frequent and more patients had HF hospitalizations. Even though a significant proportion of 

the patients had a history of hypertension and some had aortic stenosis, these pathologies 

probably coexisted.  

We recognize the limitations of considering bidimensional wall thickness in echocardiography 

as the gold standard for the diagnosis, even in patients without resistant hypertension, aortic 

stenosis or AL amyloidosis. However, we followed the same criteria as other studies [72, 74, 

78], so that results can be more easily compared.  

In the few dubious cases that underwent a endomyocardial biopsy, the histological 

examination confirmed amyloid infiltration in all. Unfortunately, most patients did not have 

information from endomyocardial biopsies, cardiac magnetic resonance or strain, that would 

complement the diagnosis.   

Nevertheless, a longer follow-up and validation with clinical events will be important and it is 

another of our goals for the future.  
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CONCLUSIONS 

 
This is the era of multimodality imaging in Cardiovascular Medicine. Non-invasive techniques 

such as echocardiography, CMR and radionuclide imaging provide a particularly important 

pathophysiological insight in the area of cardiomyopathies and heart failure. They are 

fundamental in the diagnostic pathway, but also provide prognostic information and may even 

help us to monitor the response to treatment. 

Computed tomography (CT) is also extremely valuable to identify coronary artery disease and 

to guide valvular or aortic interventions, but not so much for diagnosing cardiomyopathies, 

therefore, it was not the focus of this work. 

Each imaging modality has some limitations (i.e., a poor acoustic window limits 

echocardiographic evaluation, a claustrophobic patient may not undergo CMR and there is 

exposure to radiation using nuclear imaging or CT).  However, each modality also has several 

strengths. Echocardiography is widely available, affordable, can be performed virtually 

anywhere and carries no side effects. CMR provides outstanding spatial resolution and tissue 

characterization.  Nuclear imaging can detect biological processes, namely inflammation and 

infiltration, making it particularly important in the setting of cardiomyopathies, and it is relatively 

inexpensive.  

In recent years, imaging modalities have become more sophisticated and more sensitive to 

detect the precursor stages of different myocardial pathologies. Detecting myocardial disease 

at an earlier stage, when symptoms are not evident yet, can provide the benefit of an early 

intervention and better outcomes.  

 

This thesis explored the role of non-invasive cardiac imaging in four real-world settings of 

unclear myocardial involvement. 

In study A), CMR provided important information regarding the diagnosis and prognosis of 

patients with sCA without a previously known etiology. A correct diagnosis can also have 

therapeutic implications. One could argue that dilated cardiomyopathy and hypertrophic 

cardiomyopathy could also be diagnosed with echocardiography; however, in almost a third of 

the cases, diagnoses such as myocardial infarction with spontaneous recanalization, 

myocarditis or arrhythmogenic cardiomyopathy would not have been established otherwise. 

Tissue characterization given by CMR allows detection of myocardial edema and focal scar, 

and more precise information about right ventricular systolic function, that carries prognostic 

implications. Therefore, after upstream ECG evaluation, blood analyses and angiography, 

CMR should be considered in the investigation of such patients.  
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In study B), alcohol intake was positively associated with indexed left ventricular mass and 

end-diastolic volume, suggesting cardiac remodeling. However, on average, these values were 

still within the normal range, so in our sample of predominantly low to moderate consumption, 

alcohol intake posed limited cardiovascular risk.  

No significant association between drinking alcohol and left ventricular ejection fraction was 

found. Left atrial diameter was associated with alcohol intake only in women and in black 

participants. However, overall there were no major differences in the relationship between 

alcohol consumption and echocardiographic parameters according to sex or race.  

Drinking predominantly wine associated with less cardiac remodeling compared to beer or 

liquor, and there was a non-significant trend for a deleterious effect of binge drinking.  

 

Study C) focused on RA patients without known cardiac disease, where we found a prevalence 

of subclinical ventricular dysfunction in 17% (SD in 4% and DD in 13%). In the contemporary 

era of RA treatment, diastolic dysfunction was significantly more frequent than in the general 

population.  

Even though the 2016 guidelines simplified and homogenized diastolic classification, it remains 

a challenge in the real world: it could not be predicted using NT-proBNP dicothomically, 

oftentimes at least a parameter could not be determined and indeterminate diastolic function 

was frequent. Moreover, concordance between 2016 and 2009 guidelines for diastolic 

classification was poor. 

Still, patients with any ventricular dysfunction had significantly higher NT-proBNP levels and 

lower functional capacity measured by the 6MWT.  

Age was the most important and independent predictor of ventricular function in RA patients, 

particularly above 57 years old. Therefore, a screening strategy using TTE may be considered 

in older RA patients, particularly if a disease-modifying treatment for diastolic dysfunction or 

HFpEF becomes available. 

 

Project D)  
After reviewing treatment options for AC-TTR in study D1), at the time of this thesis redaction, 

only tafamidis has a double-blinded phase 3 randomized controlled trial that showed efficacy 

and safety in clinical cardiovascular outcomes. A significant improvement in mortality and 

hospitalizations was shown, particularly in early stages of HF. It is the only drug approved by 

the FDA and EMA for the treatment of AC-TTR.  

However, a variety of options will probably become possible in the future and this field has 

experienced intense innovation in the last years. Patisiran showed promising 
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echocardiographic results, however a larger study focused on cardiac events is crucial. Such 

a study is also pending for inotersen. Diflunisal, doxycycline and green tea extract also need 

randomized clinical trials focused on AC-TTR. 

When treating AC-TTR, we also need to acknowledge that these patients have a higher risk of 

developing rhythm disturbances or hypotension and some drugs that are used for other causes 

of heart failure should be avoided. Moreover, if a TTR mutation is found, that also carries 

implications to the other family members. Therefore, a correct diagnosis of AC-TTR is definitely 

important and the cornerstone for a correct treatment. 

With that in mind, in study D2), we explored the role of radionuclide imaging in AC-TTR 

diagnosis. In our analysis, 99mTc-DPD scintigraphy seems insufficiently sensitive in early-onset 

AC-TTRm patients with Val30Met mutation. In those patients, further investigation is needed 

before excluding myocardial involvement.  

In our study, 99mTc-DPD scintigraphy had a much better performance in late-onset or in wild-

type AC-TTR, that represented the majority of the cases analyzed in previous studies.  

Additional research is needed to explore what makes patients with Val30Met produce type A 

or B fibrils and what are the possible consequences in what concerns treatment.  

We believe that the current algorithm for AC-TTR diagnosis [73] should take these findings 

into consideration and, in cases of early-onset Val30Met disease, grade 0  or 1 in 99mTc-DPD 

scintigraphy should not exclude the diagnosis. If there is ventricular wall thickening, further 

investigation should be pursued.  

Additionally, we also showed that AC-TTR can develop after liver transplantation in early-onset 

Val30Met disease, usually more than a decade after transplantation, and that these patients 

should be carefully followed.  

 

 

These studies address different clinical contexts, but they all show how cardiac imaging 

provides important non-invasive information for the diagnosis and prognosis of patients in 

scenarios of unclear myocardial involvement. 

 

There are still several evidence gaps and we plan to continue our research on the identification 

of myocardial disease using cardiac imaging. 

In the future, artificial intelligence can represent a paradigm shift in imaging research. The use 

of big data and machine learning can help us to interpret the exams and to identify the changes 

that better predict clinical outcomes.  
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