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Abstract 

Background: Transthyretin amyloidosis (ATTR) is a multisystem, progressive, and potentially fatal 

condition. It is significantly under-recognized, leading to delayed diagnosis and treatment and poor 

outcomes. The CARABELA-ATTR initiative aims to address the challenges of ATTR management in 

the Spanish healthcare system. Methods: This initiative promotes collaboration between scientific 

societies, clinicians, and the pharmaceutical industry to optimize ATTR care using lean methodology. 

It included four phases: (1) characterization of ATTR clinical pathways; (2) validation and 

prioritization of areas for improvement and selection of quality indicators (QIs); (3) co-creation of 

solutions; and (4) dissemination of results. Results: A generic ATTR patient journey was defined, 

identifying four healthcare models with varying coordination and resources. Multidisciplinary 

discussions identified 13 areas for improvement, including deficient multidisciplinary coordination, 

lack of standardized diagnostic protocols, and uneven resource distribution. A set of QIs covering all 

aspects of care was defined. Validated solutions included establishing multidisciplinary teams, 

standardizing diagnostic and treatment protocols, and ensuring equitable access to advanced 

diagnostics and treatments. Conclusions: The CARABELA-ATTR initiative provides a framework 

that emphasizes multidisciplinary coordination, diagnostic and treatment protocols, continuous 

education for healthcare professionals and patients, and equitable access to resources, aiming to 

improve patient outcomes and quality of life.  

Keywords: CARABELA; transthyretin amyloidosis; ATTR; healthcare models; indicators; quality of 

care; management 

 

1. Introduction 

Transthyretin amyloidosis (ATTR) is a progressive, debilitating, and multisystem disease 

characterized by amyloid fibril deposition from misfolded TTR protein in various organs and tissues 
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[1]. This potentially fatal condition is often under-recognized, leading to significant delays in 

diagnosis and treatment, which can greatly impact patient outcomes [2–6].  

Hereditary or variant (ATTRv) and wild-type (ATTRwt) ATTR are two forms of this pathology 

with distinct epidemiological and clinical features. ATTRv, caused by TTR gene mutations, is rare, 

typically manifests earlier, and affects multiple organs, most commonly the heart and nerves, 

although it may also impact the kidneys and eyes. In Spain, the V30M mutation in TTR is endemic in 

certain regions [7–9], resulting in an earlier onset and familial patterns. Notably, in a study conducted 

in the USA, the V30M variant showed a 83% cumulative multisystem involvement, particularly with 

regard to cardiac association [10]. It was also reported that 43% of patients with the V30M mutation 

had cardiac involvement at diagnosis, 95% had neurological involvement, and 60% had autonomic 

involvement [11]. These findings highlight the significant multisystem impact of the V30M variant. 

In addition to V30M, there are other variants present in Spain, such as Val142Ile and Glu89Lys [8,12]. 

In contrast to the hereditary form of the condition, ATTRwt may be quite common [13] and typically 

affects older adults. It presents predominantly as cardiomyopathy and is often underdiagnosed due 

to late onset and symptom overlap with other age-related conditions [14,15]. Up to 13% of elderly 

patients with heart failure (HF) and preserved ejection fraction (HFpEF) may have ATTRwt, which 

highlights its significant public health impact in Spain [16].  

ATTR can present predominantly as cardiomyopathy (ATTR-CM) or polyneuropathy (ATTR-

PN), but mixed phenotypes are more common than previously thought [2], even among patients 

initially presenting with predominantly neurological or cardiac phenotypes who, over time, may 

transition to a mixed phenotype [17]. The THAOS study found that approximately one-third of 

patients were classified as having a mixed phenotype either at the start of the study or during follow-

up. Among the 344 cases reclassified as mixed during follow-up, 69.2% initially had a predominantly 

neurological phenotype, while 30.8% had a predominantly cardiac phenotype [17,18]. Indeed, 

depending on the specific TTR mutation, up to 80% of patients with ATTRv exhibit a mixed 

presentation with various clinical presentations [4,19,20].  

ATTR-PN often begins with sensory symptoms such as pain, paraesthesia, or numbness in the 

feet, and autonomic dysfunction can significantly impact quality of life (QoL) and lead to severe 

morbidity. Symptoms of autonomic dysfunction include orthostatic hypotension, diarrhoea, 

constipation, and erectile dysfunction [21,22] and can result in malnutrition and weight loss, 

associated with poor prognosis. Cardiac involvement in ATTR is characterized by left ventricular 

wall thickening, diastolic dysfunction, and conduction system abnormalities, including 

atrioventricular blocks [2,23]. Patients with ATTR-CM have a notably poorer prognosis, with an 

estimated median survival ranging from 2 to 6 years post-diagnosis, while individuals with ATTR-

PN have an estimated survival ranging from 5 to 15 years [5,24–26]. 

The multifaceted nature of ATTR reinforces the importance of its consideration as a multisystem 

disease, requiring a high index of suspicion for a timely and accurate diagnosis [2,27–30]. Several 

“red flags” have been established, including the presence of bilateral carpal tunnel syndrome, 

unexplained left ventricular hypertrophy in the absence of hypertension, HF, aortic stenosis, and a 

history of familial amyloidosis [2,31]. 

Although ATTR recognition and awareness have increased due to diagnostic advances [2,32–

34], several barriers still need to be overcome regarding its care process. Delayed diagnosis highlights 

the need to enhance awareness and education among healthcare professionals (HCPs) not only of the 

condition (especially considering that the signs and symptoms associated with the disease are highly 

prevalent pathologies such as HF), but also of the rapid expansion of specific treatments that could 

prevent progression [32–35]. 

Given these challenges, the CARABELA-ATTR initiative aims to understand and transform 

ATTR management in the Spanish healthcare system, representing a significant step forward in 

optimizing care pathways, addressing areas for improvement, and proposing actionable solutions. 

By promoting the adoption of a multidisciplinary approach from the onset of disease signs or 

symptoms that integrates all specialists involved in the care of these patients, the CARABELA-ATTR 
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initiative seeks to enhance the diagnosis, management, follow-up, and quality of care, thereby 

improving patient clinical outcomes. 

2. Materials and Methods 

Design and Participants 

The general methodology for the CARABELA approach, based on lean methodology applied to 

healthcare ecosystems [36], has been described elsewhere [37]. The Spanish scientific societies SEC 

(Spanish Society of Cardiology), SEN (Spanish Society of Neurology), SEMI (Spanish Society of 

Internal Medicine), SECA (Spanish Society for Healthcare Quality), and SEDISA (Spanish Society of 

Health Managers), in collaboration with AstraZeneca and clinicians with expertise in ATTR 

participated in this initiative led by a Scientific Committee (SC) composed of the authors of this 

manuscript. See Supplementary Figure S1 and Supplementary Material for additional details.   

3. Results 

3.1. Characterization of ATTR Care Models 

Initially, the SC discussed and established a general model for ATTR management. This model, 

based on a multidisciplinary approach, differentiates the patient pathway according to specific 

factors. During the initial phase, a thorough analysis conducted in archetypal centres identified eight 

key variables in ATTR care: 1) coordination and communication among medical specialties; 2) 

strategies for early patient identification and diagnosis; 3) existence of care protocols, guidelines, and 

referral pathways for standardized and improved patient care; 4) availability of diagnostic and 

follow-up tools; 5) presence of specialized and trained nursing support personnel; 6) resources for 

training HCPs; 7) resources and strategies to improve patient knowledge and disease management; 

and 8) tools for recording and analysing patient experiences and health outcomes. Based on these 

variables, four care models for ATTR patients were identified, which differed primarily in the level 

of coordination and communication between services, resource availability, and implementation of 

diagnostic and treatment protocols. An overview of the four care models is shown in Figure 1 and 

Supplemental Figures S2–S16. 
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Figure 1. Models of ATTR care identified by the CARABELA-ATTR initiative. ATTR, transthyretin amyloidosis; 

C, cardiology; HCPs, healthcare professionals; IM, internal medicine; MD, multidisciplinary; N, neurology; 

PAG, patient advocacy groups; PC, primary care; PREM, patient-reported experience measures; PROM, patient-

reported outcome measures. 

3.2. Indicators for the Evaluation of ATTR Care Models 

Establishing QIs is essential for continuously evaluating and enhancing patient care. Care model 

evaluation should use three categories of indicators: structural, quality of care, and transformation 
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indicators, as outlined by Escalada et al. (2024) [37]. The CARABELA-ATTR SC initially proposed 

potential indicators and, after prioritization, 31 were selected for the Delphi voting process at the 

national workshop. The selection criteria were implementation, feasibility, and potential impact on 

patient care or healthcare outcomes. Ultimately, 25 indicators were agreed upon and confirmed by 

the SC (Supplementary Table S1).  

The Future of ATTR Care: Improvements and Solutions 

During the initial evaluation of ATTR care in the five archetypal centres, 13 areas for 

improvement were identified, which fell into the following categories: diagnosis, communication and 

coordination, pathways and protocols, availability of human resources and diagnostic tests, training 

of HCPs, patient education, information systems, and health outcomes registries (Figure 2). To 

address these needs, 23 solutions were finally validated (Figure 2). The identified areas for 

improvement were prioritized based on their impact and actionability (Figure 3A), while proposed 

solutions were prioritized according to their impact and speed of implementation (Figure 3B). 
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Figure 2. Proposed solutions for each of the areas for improvement identified during CARABELA-ATTR. ATTR, 

amyloid transthyretin; IT, information technology; KPI, key performance indicators; PAG, patient advocacy 

groups; PC, primary care; PREM, patient-reported experience measures; PROM, patient-reported outcome 

measures. 
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Figure 3. Identified areas for improvement and validated solutions. (A) The top ten areas for improvement are 

prioritized based on their impact or actionability. The top 5 are highlighted in blue. (B) Top ten recommended 

solutions for transforming Spanish ATTR care, prioritized according to their impact and speed of 

implementation. The top 5 are highlighted in red colour. ATTR, transthyretin amyloidosis; HCPs, healthcare 

professionals; PC, primary care. 

4. Discussion 

Advancing our understanding of ATTR requires addressing unresolved questions. In this 

context, the CARABELA-ATTR initiative is a comprehensive effort to transform the understanding 

and management of this disease in Spain and to raise awareness among clinicians and HCPs about 

best practices. The initiative emphasizes the benefits of a multidisciplinary approach to enhance early 

diagnosis, referral, treatment, and comprehensive care for patients with ATTR. Although lacking a 

quantitative methodology, CARABELA-ATTR established a systematic, nationwide set of indicators 

covering all aspects of the ATTR care process, which were instrumental in evaluating care models.  

Our findings reinforce the importance of understanding ATTR as a multisystem disease with 

potential manifestations beyond cardiac involvement. The substantial frequency of neurological and 

mixed phenotypes underscores the need for a multidisciplinary and comprehensive evaluation of all 

potential manifestations to ensure an accurate diagnosis and optimal approach.  

Clinical guidelines assume the availability of diagnostic methods, specialist expertise, and 

adherence to quality standards [29,38–42], but daily clinical practice often differs. Our evaluation of 

currently operating ATTR models of care identified coordination and communication among 

specialties as significant impact factors for care process quality. We found high variability in ATTR 
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management across healthcare areas, particularly in multidisciplinary coordination, diagnostic and 

treatment protocols, and resource allocation. 

Several key issues arise from the CARABELA-ATTR initiative that need to be addressed. These 

include the lack of standardized diagnostic protocols for early and accurate diagnosis of ATTR and 

the need for 1) improved multidisciplinary coordination; 2) essential training for HCPs and patients; 

and 3) equitable access to resources such as advanced diagnostic tools, specialized HCPs (including 

expert nursing staff), and effective treatment options. 

A major barrier to establishing clear diagnostic pathways is the lack of coordinated care between 

subspecialties. This results in fragmented care and compromised patient management. The 

establishment of multidisciplinary collaboration and optimal care pathways reduces diagnostic and 

treatment delays and improves patient prognosis [43]. One of the main findings of the CARABELA-

ATTR initiative was the frequent lack of established multidisciplinary teams or regular meeting 

schedules. Importantly, the most advanced centres evaluated in the initial phases were characterized 

by robust multidisciplinary coordination, which facilitated comprehensive patient care and 

improved diagnosis and treatment outcomes. These models also benefited from specialized 

diagnostic tools and trained nursing staff, essential for early detection and continuous disease 

management. All these findings emphasize the importance of creating structured and coordinated 

multidisciplinary teams [2,44,45]. Coordination of cardiologists, neurologists, internal medicine 

specialists, and other relevant specialists, such as haematologists, nephrologists, nurses, pharmacists, 

and geneticists, is crucial for effective management of ATTR that improves health outcomes [46,47]. 

Specialized nurses play a key role in communication, patient care coordination, early detection of 

complications, and education of patients and families, thereby enhancing adherence to treatment and 

overall QoL. This multidisciplinary, integral approach addresses the complex needs of ATTR patients 

[45–49]. It also facilitates timely diagnosis, quick access to medications, and enrolment in ongoing 

clinical trials, promoting cutting-edge research on disease mechanisms. The CARABELA-ATTR 

initiative advocates optimizing and implementing referral protocols that facilitate patient diagnosis 

and treatment in specialized units or reference centres to benefit from their specialized 

multidisciplinary expertise and high-quality imaging, while promoting the continuous monitoring 

of patients by PC or hospital HCPs.  

Accurate diagnosis is essential for personalized medicine and is particularly challenging in the 

context of ATTR, as it is often delayed due to nonspecific symptoms and overlap with other diseases. 

Early detection of ATTR enables prompt and tailored treatment, significantly improving clinical 

outcomes and QoL [50] and lessening the economic burden of the condition on the healthcare system 

[51,52]. The CARABELA-ATTR initiative revealed significant variability in access to diagnostic tools 

and available resources across centres, which affected the quality of care. Several reports seek 

expanded access to advanced diagnostic methods for ATTR, such as mass spectrometry, bone 

scintigraphy with technetium-labelled bisphosphonates (99mTc-DPD or 99mTc-PYP) for detection of 

cardiac amyloid deposition [53,54], genetic testing, and advanced imaging techniques like cardiac 

MRI [27,55]. MR neurography and peripheral nerve ultrasound are also valuable tools for detecting 

polyneuropathy, as is whole-body 18F-florbetapir PET for detecting systemic amyloid deposition 

[4,56]. However, these advanced techniques are not widely available in routine clinical practice. The 

CARABELA-ATTR initiative proposes the standardization of diagnostic protocols across all 

healthcare areas and the implementation of early screening strategies, aiming to ensure the highest 

standard of care for all patients. 

Significant gaps were identified in the training of HCPs and the education of patients and 

caregivers. Limited or outdated knowledge about the disease or the latest advances in diagnosis and 

treatment contributes highly to misdiagnosis and delayed treatment. Regular training sessions and 

workshops are essential to update professionals on the latest evidence on ATTR, reducing 

underdiagnosis or misdiagnosis and preventing poor patient prognosis [57,58]. Reinforcing patient 

and caregiver education will also empower and engage them in participating in active self-care, 

improving adherence to treatment plans and overall outcomes [45]. Additionally, educating patients 
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increases their likelihood of seeking medical care and participating in research studies. However, 

comprehensive educational resources on ATTR outside medical websites are limited [59]. The 

CARABELA-ATTR initiative aligns with the demands of patients and associations [60], emphasizing 

the implementation of regular training programs for HCPs to recognize ATTR signs and symptoms 

early in the disease course.  

Quality assurance measures in ATTR have been limited due to its perceived rarity and lack of 

comprehensive care guidelines. A major challenge in current care models is the lack of a systematic 

and standardized collection of clinical information. The CARABELA-ATTR initiative recommends 

creating and standardizing patient registries as a QI. Patient registries can significantly improve 

diagnostic rates, reduce gaps in understanding disease heterogeneity, encourage research and 

collaboration, support clinical pathways, and facilitate practice quality and safety. In Europe, several 

national registries of rare diseases, including ATTR-CA, have been established [54,55]. In addition to 

clinical data, the collection of PROM and PREM allows the evaluation of patient QoL and treatment 

effectiveness. However, QoL assessment in ATTR patients has received limited focus, and specific 

evaluation tools are lacking [61–63]. The CARABELA-ATTR initiative brings the added value of 

systematic PROM/PREM collection in comprehensive patient care.  

Lastly, healthcare systems often operate with separate administrative structures and electronic 

health records. In today's era of advanced technology, it is crucial to evaluate the current state of 

information systems and technological options in healthcare centres. The CARABELA-ATTR 

initiative calls for the implementation of unified clinical records, standardized communication tools, 

and cutting-edge technological resources within a shared healthcare framework. This approach will 

maximize benefits in the referral and monitoring processes of ATTR patients.  

5. Conclusions 

The CARABELA-ATTR initiative has identified critical areas for improvement in ATTR 

management and proposed implementable solutions to enhance multidisciplinary coordination, the 

standardization of protocols and care pathways, the promotion of continuous education of HCPs and 

patients, and equitable access to resources and advanced diagnostics, aiming to lead a meaningful 

transformation of the Spanish model of ATTR care. The framework provided aims to expedite 

diagnoses, improve treatment outcomes, and enhance QoL for all patients battling this debilitating 

disease. Future efforts should focus on implementing these recommendations and continuously 

monitoring their impact to ensure sustained improvement in ATTR care. 
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paper posted on Preprints.org. Supplementary materials are available in a PDF file. 
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