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Literature review

Cardiac amyloidosis (CA) is described as a rare but severe condition, presenting as a
major challenge in cardiology (1). The choice of this research topic was driven by the urgent
need to improve the early recognition and treatment of this disease, which significantly affects
the quality of life and prognosis of patients. Although cardiac amyloidosis has been the subject
of intense research globally, in Romania, the awareness and diagnosis of this disease remain
insufficient.

Considered until recent years a rare disease (2), CA, both the light chain type (AL) and
the transthyretin type (ATTR), usually manifests as restrictive cardiomyopathy associated with
a wide range of systemic manifestations, from polyneuropathy to renal failure and hematological
disease (3-5). This constellation of symptoms represents the base of clinical suspicion as the
first part of the diagnostic algorithm (6-8). Constructed on the elements of multimodality
imaging, from echocardiography to cardiac magnetic resonance and bone scintigraphy, the
diagnosis of cardiac amyloidosis needs to establish the exact type of amyloid precursor in order
to guide specific treatment (Figure 1) (9). Given the current advances in specific treatment in
ATTR and AL with the emergence of gene silencers and immunotherapy respectively, the
prognosis for these patients has been continuously improving in the past years (10). Even so
early recognition of disease remains a must as the delay in diagnosis may lead to unfavorable
evolution (11).

For now, patients with cardiac amyloidosis do not benefit from heart failure dedicated
guideline-directed medical therapy even in the presence of reduced ejection fraction, with
diuretics remaining the first line of therapy for symptom management and decongestion (6-8).
Moreover, as disease progression is associated with important atrial dysfunction the evolution
of these patients may be aggravated by thromboembolic complications (12-16). The need for
anticoagulation remains a highly debated topic in patients with sinus rhythm but the emerging
of new parameters predicting atrial fibrillation may provide more clarity on the matters (17-20).

As clinical studies continue, and the field of precision medicine evolves through gene
therapies, we expect new developments in terms of both specific treatment and heart failure

management in cardiac amyloidosis.
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Figure 1. Noninvasive diagnostic algorithm for Cardiac amyloidosis




Personal Contributions

Current challenges of Cardiac Amyloidosis Awareness among Romanian Cardiologists

Introduction: Cardiac amyloidosis is often underdiagnosed in Romania due to a lack of
awareness and education among cardiologists. This section of the study explores the level of
awareness and knowledge of Romanian cardiologists about this disease through a detailed
survey.

Materials and Methods: The study included a survey addressed to cardiologists in
Romania, which assessed their experience with patients with cardiac amyloidosis, the diagnostic
methods used, and their knowledge of available treatments (21).

Results

Study participants: The majority of participants were cardiologists with varying levels
of professional experience, ranging from young specialists to physicians with many years of
practice. A total of 195 cardiologists responded, evenly distributed across Romania and from all
stages of training — residents (33%), specialists (31%), and senior consultants (36%).

Experience with Cardiac Amyloidosis Patients: The majority of cardiologists reported
having encountered very few patients with this condition, indicating a possible underdiagnosis.

Diagnostic developement: Only a small percentage of participants reported using
advanced diagnostic methods, such as cardiac magnetic resonance imaging or bisphosphonate
scintigraphy.

Knowledge of tratment options: Many cardiologists were not familiar with the modern
treatments available for cardiac amyloidosis, highlighting an urgent need for ongoing medical

education in this field.

Discussion:

Prevalence and treatmnet of ATTRwt: The study revealed that ATTRwt is often
underdiagnosed and inadequately treated.

Prevalence of ATTRv in Romania: Awareness of hereditary types of amyloidosis is

low, and delayed diagnosis is common (22).
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The Diagnosis of Cardiac Amyloidosis: Delayed diagnosis is a major issue, caused by
a lack of awareness and the insufficient use of modern diagnostic tools.

Treatment options: Therapeutic options are limited by insufficient knowledge and
reduced access to modern therapies.

Study limitations: The small number of participants and potential reporting errors are

acknowledged as limitations.

Conclusions: The study highlights the urgent need to increase awareness and education
among Romanian cardiologists about cardiac amyloidosis, in order to improve the diagnosis and

treatment of this disease.

Figure 2. Representative responses to the questionnaire regarding the respondents’

experience with amyloidosis patients (A), diagnostic delay (B), and therapeutic options (C).
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Cardiac amyloidosis is not a single disease: a multiparametric comparison between

the light chain and transthyretin forms

Introduction: Systemic amyloidosis represents a heterogeneous group of diseases
resulting from amyloid fibre deposition. The purpose of this study is to establish a differential

diagnosis algorithm targeted towards the two most frequent subtypes of CA.

Materials and Methods: We prospectively included all consecutive patients with
ATTR and AL evaluated between 2018 and 2022 in two centres in a score derivation cohort
and a different validation sample. All patients had a complete clinical, biomarker,
electrocardiographic, and imaging evaluation. Confirmation of the final diagnosis with

amyloid typing was performed according to the current international recommendations (23).

Rezultate: The study population included 81 patients divided into two groups: ATTR
(group 1, n = 32: 28 variant and 4 wild type) and AL (group 2, n = 49). ATTR patients were
younger (50.7 £ 13.9 vs. 60.2 + 7.3 years, P = 0.0001), and significantly different in terms
of NT-proBNP [ATTR: 1472.5 ng/L (97-4218.5) vs. AL 8024 ng/L (3058-14 069) P =
0.001], hs-cTn I [ATTR: 10 ng/L (4-20) vs. AL 78 ng/L (32-240), P = 0.0002], GFR [ATTR
95.4 mL/min (73.8-105.3) vs. AL: 68.4 mL/min (47.8-87.4) P = 0.003]. At similar left
ventricular (LV) wall thickness and ejection fraction, the ATTR group had less frequently
pericardial effusion (ATTR: 15% vs. AL: 33% P = 0.0027), better LV global longitudinal
strain (ATTR: _13.1% +3.5vs. AL: _9.1% +4.3 P =0.04), RV strain (ATTR: _21.9% +6.2
vs. AL: _16.8% % 6 P = 0.03) and better reservoir function of the LA strain (ATTR: 22% +
12 vs. AL: 13.6% + 7.8 P = 0.02). Cut-off points were calculated based on the Youden
method. We attributed to 2 points for parameters having an AUC > 0.75 (NT-proBNP AUC
0.799; hs-cTnl AUC 0.87) and 1 point for GFR (AUC 0.749) and TTE parameters (GLS
AUC 0.666; RV FWS AUC 0.649, LASr AUC 0.643). A score of equal or more than 4 points
has been able to differentiate between AL and ATTR (sensitivity 80%, specificity 62%, AUC
= 0.798). The differential diagnosis score system was applied to the validation cohort of 52

CA patients showing a sensitivity of 81% with specificity of 77%.
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Figura 3: A. The multiparametric scoring system based on optimal threshold values as calculated
through the Youden method; B. ROC curve of the final score (AUC=0.798)

Discussion:

Clinical and Imaging Characteristics: The study demonstrated significant differences
between AL and ATTR, highlighting the importance of differential diagnosis.

Disease Management: Therapeutic approaches need to be specifically adapted for each
form of amyloidosis, considering the pathogenic substrate, clinical characteristics, and serum
biomarkers.

Study limitations: The small number of patients and the difficulties in obtaining

complete data are acknowledged.
Conclusions: CA is a complex entity and requires extensive testing for a positive

diagnosis. This study highlights a series of non-invasive checkpoints, which can be useful in

guiding the decision-making process towards a more accurate and rapid differential diagnosis.
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Left atrial mechanical dispersion as a novel predictor biomarker of new-onset atrial
arrhythmias in cardiac amyloidosis

Introduction: Cardiac amyloidosis (CA) is an infiltrative disease characterized by
the accumulation of misfolded proteins into the extracellular matrix of the myocardium.
Ventricular but also atrial myopathy are described in CA, with higher risk of atrial
arrhythmias (AA) and cardioembolic events even during sinus rhythm. We aimed to
investigate which parameters of left atrial (LA) structure and function could predict new-

onset AA (NOAA) in patients with CA, aiding in improved follow-up.

Materials and Methods: We prospectively included patients diagnosed with CA,
both light chain (AL) and variant transthyretin (ATTRv) with no history of AA, from 2
tertiary European centers. Cardiac involvement was assessed according to current European
recommendations. Comprehensive echocardiographic studies were performed at baseline
with measurement of both classical structure and function parameters and the new
parameters derived from speckle tracking echocardiography. LA strain was measured in the
four- and two- chamber views and LA mechanical dispersion was defined as the standard
deviation of time-to-peak positive strain and reported as percentage from the R-R interval.

The primary outcome was NOAA.

Results: Of the 179 patients diagnosed with CA, 86 were excluded due to history of
AF, unacceptable image quality and non-AL or non-ATTR diagnosis. Finally, 93 patients
with CA were included (mean age 54.3+9.8, 58% males), and 44 patients (47%) developed
NOAA during a median follow up of 11 (3.5-36.0) months.

Patients with NOAA had heavier hearts (LVMi 155.5+39.6 vs. 136.6+£44.3 g/m2, p=
0.034), worse global LV function (LVEF 46.7+10.9 vs. 53.8+11.2 %, p= 0.003), more LV
longitudinal impairment (GLS -10.0+4.7 vs. -13.4+£3.7 %, p< 0.001), larger atria (LAVi
44.6+14.3 vs. 35.4+£13.6 mL/m2, p= 0.002) and worse LA function (LAEF 28.5£15.5 vs.
44.9+14.6 %, p< 0.001). The LA reservoir strain (LASr) was significantly lower (13.6+11.3
vs. 20.5£10.4 %, p= 0.003) and the LAMD significantly higher (9.2+3.9 vs. 5.9+£3.5) in

14



patients who developed NOAA.

93 patients with CA (67 AL, 26 ATTRv) from 2 European tertiary centers with a follow up of up to 62 months

STE to assess LAMD as the SD of time to strain peak and expressed as a percentage of the RR interval

Kaplan-Meier analysis for NOAA Sequential Risk Models for NOAA

A . p<0.001

P=0.007
P=0.008
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Figure 4. Central figure of the study. AL, light-chain amyloidosis; ATTRv, variant
transthyretin amyloidosis; CA, cardiac amyloidosis; LAMD, left atrium mechanical
dispersion; LASr, left atrium strain during the reservoir phase; LV-GLS, left ventricular
global longitudinal strain; LAVi, left atrium volume index; NOAA, new onset atrial
arrhythmias; RVFWS, right ventricular free wall strain

In the multivariate analysis adjusting for confounding factors, a lower LAMD was
independently associated with higher risk for NOAA (HR: 1.182, 95% CI: 1.033-1.351, p=
0.015). Using ROC curves the optimal cut-off value of LAMD for predicting NOAA was
6.6%. patients with LAMD> 6.6% had a higher risk for NOAA than those with LAMD<
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6.6% (P<0.001 by log-rank test). Furthermore, LAMD> 6.6% as a categorical variable
remained an independent predictor for NOAA in both univariate [HR 3.561 (1.778-7.134),
p< 0.001] and multivariate [HR 2.432 (0.932-6.343, p= 0.047)] analysis.

Five models were created to demonstrate the incremental value of using sequential
Cox models for NOAA prediction and the model based on LA volume was significantly
improved by adding LV-GLS, RV free wall strain and finally, LAMD (¥2= 61.5, p< 0.001),
but it was not significantly improved by adding the LASr (y2= 23.9, p= 0.130).

Discussions:

Clinical relevance of LAMD: The study demonstrates that LAMD can be used to
identify patients at increased risk of atrial arrhythmias, providing an opportunity for
preventive interventions.

Comparison with other biomarkers: LAMD was compared with other traditional
biomarkers, showing superior predictive value.

Study limitations: The limitations include the relatively small number of patients

and variability in echocardiographic measurements.

Conclusions: LAMD assessed by speckle-tracking echocardiography is a novel,
reproducible and independent predictor of NOAA in patients with CA, being superior and
incremental to other imaging predictors such as LA dilatation or dysfunction, or LV or RV

deformation.
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Conclusions and personal contributions

Cardiac amyloidosis, a complex and devastating pathology, requires a multidisciplinary
approach for effective diagnosis and treatment. In this thesis, the research objectives were
achieved through a series of detailed studies that investigated the clinical and imaging

characteristics of the disease, early diagnostic methods, and new therapies.

The extent to which the scientific research objectives have been achieved:

Identification of specific clinical and imaging characteristics: Studies have
demonstrated that speckle tracking echocardiography and cardiac magnetic resonance imaging
provide detailed information about ventricular hypertrophy and diastolic dysfunction,
contributing to the early diagnosis of cardiac amyloidosis.

Evaluation of the effectiveness of early diagnostic methods: The utility of
echocardiography and cardiac magnetic resonance imaging in the diagnosis of amyloidosis has
been confirmed, and bone scintigraphy with bisphosphonates has proven to be an effective
method for differentiating between AL and ATTR types.

Arrhythmic risk stratification: Studies have validated the use of specific biomarkers
and risk scores for stratifying arrhythmic risk in patients with cardiac amyloidosis, allowing for

personalized treatment.

Technical and economic advantages and disadvantages:

Advantages: New diagnostic and treatment methods enable more efficient identification
and management of cardiac amyloidosis, reducing costs and the burden associated with severe
complications of the disease.

Disadvantages: The initial costs for implementing advanced imaging technologies and

innovative therapies can be high, potentially limiting access for patients in certain regions.

Unsolved problems:
Early diagnosis: Although advancements in diagnostics are significant, early

identification of the disease remains a challenge, particularly in the absence of specific
17



symptoms in the early stages.

Treatment accessibility: Limited access to new therapies and their high costs still
represent a major obstacle.

Risk of arrhythmias and intracardiac thrombosis: There is still no thorough

stratification of arrhythmic risk or for thromboembolic events.

Future Research Directions:

Development of More Accessible Diagnostic Methods: There is a need for the
development and validation of diagnostic methods that are less costly and more accessible to
larger populations;

Expansion of Clinical Research: Further studies are needed to validate the long-term
efficacy of new therapies and to discover new predictive biomarkers;

Integration of Advanced Technologies: Future research should explore the integration
of artificial intelligence and other advanced technologies to improve the diagnosis and

management of cardiac amyloidosis.

Personal contributions:
Identification of Specific Clinical and Imaging Characteristics
We conducted a detailed study of patients with cardiac amyloidosis, identifying distinctive
signs and symptoms that can aid in the early diagnosis of the disease;
Speckle tracking echocardiography and cardiac magnetic resonance imaging were used to
highlight the phenotypic characteristics specific to amyloidosis.

Evaluation of the Efficiency of Early Diagnostic Methods
Our study demonstrated that echocardiography and cardiac magnetic resonance imaging
are essential tools in the early diagnosis of cardiac amyloidosis;

We developed and validated the use of a non-invasive diagnostic score that does not rely
on scintigraphy or cardiac magnetic resonance imaging to differentiate between the two main

forms of the disease.
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Arrhythmic Risk Stratification

We developed and validated arrhythmic risk stratification models based on specific
imaging biomarkers and risk scores;

These models allow for personalized treatment and improved prognosis for patients with

cardiac amyloidosis.

Contribution to Raising Awareness and Educating Romanian Cardiologists,
Following the Survey Which Highlighted Knowledge Gaps Among Respondents:

We organized workshops and conferences to further educate Romanian cardiologists on
the diagnosis and treatment of cardiac amyloidosis;

We published articles and practical guides that were distributed within the medical

community to improve the knowledge and skills of practitioners in managing this disease.

Development of an International Collaboration Network:

We initiated collaborations with centers of excellence across Europe, facilitating the
exchange of knowledge and participation in multicenter clinical studies;

This collaboration network has provided access to international resources and expertise,
enhancing the quality of our research and contributing to global progress in the field of cardiac

amyloidosis.
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