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ABSTRACT-

Transthyretin amyloid cardiomyopathy (ATTR-CM) is a progressively recognized form of infiltrative
cardiomyopathy due to the extracellular deposition of aberrantly folded transthyretin protein fibrils in the
myocardium. Historically, ATTR-CM was perceived as a rare disease and was frequently diagnosed post-
mortem. However, with the advent of multimodality imaging and molecular therapies, ATTR-CM has
emerged as a potentially treatable disease.

The aim of this narrative clinical review is to offer a comprehensive clinical perspective on ATTR-CM,
including its epidemiology, molecular mechanisms, clinical manifestations, diagnostic strategies,

therapeutic developments, preventive measures, prognosis, and future prospects.

This narrative clinical review integrates the latest knowledge from the literature, consensus statements, and

major clinical trials assessing the efficacy of transthyretin stabilizers, gene-silencing therapies, and

ATTR-CM has two prevalent presentations: wild-type (ATTRwt), which mainly occurs in elderly men,
and hereditary (ATTRYv), due to autosomal dominant mutations in the TTR gene. The pathophysiology
involves tetramer instability, monomer misfolding, and amyloid fibril accumulation, culminating in
restrictive cardiomyopathy and systemic involvement. Red flags such as bilateral carpal tunnel syndrome,
incongruent ECG-echo changes, and idiopathic HFpEF are essential for prompt diagnosis. Non-invasive

bone scintigraphy using technetium-labeled agents has largely supplanted endomyocardial biopsy for
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diagnosis. Prognostic therapies such as tafamidis, RNA interference agents (patisiran, vutrisiran), antisense

oligonucleotides (inotersen, eplontersen), and CRISPR/Cas9 gene editing (NTLA-2001) are
revolutionizing prognosis.

ATTR-CM is rapidly evolving from a fatal, underdiagnosed cardiomyopathy to a chronic, treatable disease.
Early diagnosis, genetic testing, and prompt initiation of disease-modifying therapy are essential. The next
horizon of research will focus on not only arresting disease progression but also reversing amyloid

accumulation and potentially curing the hereditary variant.
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“The Rarest Diseases Often Carry the Richest Lessons” — Dr. Stephen Groft
When the Heart Stiffens, the Body Suffers
1. INTRODUCTION:

“When the heart stiffens, the body suffers...” Contemporary cardiology grapples predominantly with
high-burden pathologies: ischemic heart disease claims over 9 million lives annually worldwide, systolic
heart failure burdens 64 million globally, and atrial fibrillation affects 37 million, driving guidelines from
ACC/AHA and ESC. These epidemics rightfully command trials, therapies, and funding. However, they
cast long shadows over rare infiltrative cardiomyopathies that insidiously distort myocardial architecture.
Transthyretin amyloid cardiomyopathy (ATTR-CM)—a paradigm of protein misfolding—exemplifies this
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oversight, where a ubiquitous transport protein turns saboteur, rigidifying the heart and mimicking

commonplace heart failure.
Defining Rarity: A Global and Indian Perspective

"Rare" defies consensus, mirroring socioeconomic variances. The U.S. Orphan Drug Act thresholds
<200,000 affected Americans (~1 in 1,650); Europe's EMA stipulates <5/10,000 (~1 in 2,000). Australia's
benchmark sits at 1 in 10,000, while Japan's is 50,000 nationwide. India, home to 1.4 billion, lacks statutory
criteria but the 2021 National Policy for Rare Diseases estimates 70-96 million sufferers—3,000-8,000
distinct entities, with 80% genetic. Cardiac subsets like ATTR-CM evade radar amid diabetes (77 million

cases) and hypertension (220 million), yet autopsy series hint at underdiagnosis.

ATTR-CM's "rarity" fractures into wild-type (ATTRwt, age-related, 80% of cases) and hereditary (ATTRyv,
120+ mutations). Global incidence surges with age: 13.5% in HFpEF >60 years, 16% in TAVR cohorts,
and 25% in unexplained LVH. In India, preliminary Chennai data suggest ATTRwt in 8-10% of elderly
HFpEF, amplified by rising longevity (life expectancy 70+ years) and consanguinity boosting ATTRv (e.g.,
Thr60Ala).

Transthyretin (TTR), a 55 kDa homotetramer from liver (90%) and choroid plexus (10%), physiologically
tetramerizes to bind thyroxine (T4) and retinol-binding protein-4 (RBP4), averting their renal clearance.
Destabilizers—wild-type aging (ATTRwt median onset 75 years) or mutations (ATTRv onset 40-60)—
dissociate tetramers into monomers. These refold into cytotoxic oligomers, then beta-pleated sheet fibrils

precipitating as amyloid.

Extracellular deposition targets myocardium (perivascular, interstitial), atria, conduction system, and
valves, enforcing diastolic dysfunction: LV wall thickness >15 mm, sparkling myocardium on echo,
sparkling "granular" texture. Systolic function preserves initially (EF >50%), but progressive infiltration
begets HFpEF, right ventricular failure, and low-flow low-gradient aortic stenosis. Systemic spread hits
nerves (ATTRv polyneuropathy: small-fiber sensory loss, autonomic failure), eyes (vitreous opacities),
kidneys (nephrotic-range proteinuria), and GI tract.

Prodrome spans years: ATTRv carpal tunnel (70%, bilateral, 7 years pre-cardiac), lumbar stenosis, or
vitelliform dystrophy. Cardiac phase: NYHA I1-1V dyspnea (90%), edema (60%), orthostasis (50%), AFib
(60%). Red flags: LVH + low QRS voltage (<5 mm limb leads), pseudoinfarct Q-waves, AV block.

ATTRwt skews male (90%), octogenarian; ATTRv familial, earlier.

Differentials abound: hypertensive heart disease, HCM, Anderson-Fabry, athletic heart. ATTR-CM's
QRS:SVLT ratio <35 mV/mm seals suspicion.
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ATTR-CM illuminates misfolded protein cascades: parallels AP (Alzheimer's), tau, o-Synuclein

(Parkinson's), huntingtin. Lessons: early genotyping (yield 4-6% in LVH), scintigraphy screening
(ATTRibute-CM), multidisciplinary care (cardio-neuro-rheum). In India, policy pushes centers of

excellence (8 funded).

Dr. Groft's maxim rings true: rare diseases distill medicine's essence. ATTR-CM, from autopsy relic to
therapeutic vanguard, mandates vigilance—rewriting prognoses from median survival 3.6 years to

indefinite with intervention.
2. ETIOLOGY AND PATHOGENESIS

Transthyretin amyloid cardiomyopathy (ATTR-CM) emerges from the insidious transformation of a vital
transport protein into a toxic aggregate, fundamentally disrupting cardiac architecture and function. This
section dissects the protein's normal biology, the molecular cascade of misfolding, tissue-specific
deposition dynamics, and modifiable accelerators of disease progression, bridging bench science to bedside

implications.
2.1 Transthyretin Protein: Structure, Synthesis, and Physiological Roles

Transthyretin (TTR), a 127-amino-acid, 55 kDa homotetrameric -sheet-rich protein, assembles as two
dimers via hydrophobic interfaces, forming a compact globular structure with T4-binding channels at the
dimer-dimer junction. Synthesized primarily in hepatocytes (90-95% of circulating pool) and minor
choroid plexus/Yoshimura cells (5-10%), it achieves plasma concentrations of 20-40 mg/dL (0.2-4 uM),
exhibiting low-affinity thyroxine (T4) binding (Kd ~10¢ M) and high-affinity holo-retinol-binding protein
4 (holo-RBP4, Kd ~107 M) transport—shielding these ligands from glomerular filtration and renal

catabolism.

Physiologically, TTR maintains endocrine homeostasis: T4 delivery to peripheral tissues supports basal
metabolism, while RBP4 shuttles vitamin A for vision, immunity, and epithelial integrity. Its half-life spans
2-3 days via receptor-mediated uptake (megalin/cubilin in proximal tubules) and lysosomal degradation.
Evolutionary conservation (orthologs in fish to humans) underscores its indispensability, yet this stability

paradoxically enables amyloidogenic potential when perturbed.

ATTR-CM bifurcates into wild-type (ATTRwt, ~80-95% of diagnoses, age-acquired) and hereditary
(ATTRv, 5-20%, autosomal dominant via TTR mutations on chr18gl12.1). ATTRwt predominates in
Western cohorts (autopsy prevalence 25% in hearts >80 years; 13-16% in HFpEF >65 years via Tc-99m-
DPD scintigraphy). ATTRv spans >150 mutations, with cardiac-phenotype hotspots (e.g., Val142lle,
Thr60Ala). Global burden: ~500,000 undiagnosed U.S. cases (2019); Europe 55-122/million >60 years;
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Japan endemic Val30Met (0.2-3.4%); India emerging (preliminary South Indian series: 8-12% elderly

HFpEF, potentially 1-2 million affected amid 1.4 billion population).

Pre-2010 reliance on invasive biopsy masked prevalence; noninvasive bone-avid tracers (Perugini grade

2-3 uptake) now yield 97-99% sensitivity/specificity, unmasking ATTR-CM as a HFpEF epidemic.
2.2 Molecular Pathogenesis: From Tetramer Dissociation to Cardiac Infiltration
Tetramer Instability: The Rate-Limiting Trigger

Native TTR's thermodynamic stability (AG ~ -15 kcal/mol) hinges on hydrogen bonds, salt bridges, and

edge-to-edge B-sheets. Destabilizers initiate fibrillogenesis:

e ATTRvV: Missense mutations (e.g., Val122Ile AAG -4.0 kcal/mol; Leul31Met -7.2 kcal/mol) erode
dimer interfaces, accelerating dissociation (k_off 110-100x). Penetrance varies (2-80%) by cis/trans
modifiers (e.g., APOE alleles amplify aggregation).pmc.ncbi.nlm.nih+1

o ATTRwt: Age-related factors—thyroxine withdrawal, acidosis (pH<7.0), ROS (H-0: oxidation of
Met13/Cys10), hyperuricemia (urate-TTR complexes), inflammation (IL-6/SAA proteolysis)—

erode stability without genetic change.

Dissociation yields monomers — non-native intermediates — SDS-stable oligomers — 8-12 nm [-sheet

protofilaments — mature amyloid fibrils (Congo-red positive).
Simplified Pathogenic Cascade-

TTR Tetramer (Stable)

Destabilizers (Mutation/Age/ROS) l
Dimer Monomer Dissociation (Rate-Limitingy—>
Partial Denaturation 1

Prefibrillar Oligomers (PFOLs: Cytotoxic)
Membrane Permeabilization (Ca*" Influx)

ER Stress (UPR/CHOP — Apoptosis) —

Proteasome/Autophagy Blockade —_—

Nucleation-Dependent Polymerization

4

Amyloid Fibrils (Extracellular Deposition)
Fibroblast Activation — Interstitial Fibrosis

Cardiac Stiffening (HFpEF, AV Block)
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Cellular Toxicity: Beyond Mechanical Compression

Contrary to early views of inert "space-occupying” plaques, ATTR-CM toxicity spans prefibrillar and

fibrillar phases:

Prefibrillar Oligomers (PFOLs): Prime culprits—hydrophobic surfaces perforate sarcolemma

(annexin V exposure), trigger Bax/Bak mitochondrial apoptosis, ER unfolded protein response

(PERK/elF20/ATF4/CHOP), and macroautophagy failure (p62 accumulation).

o Fibrils: Extracellular buildup compresses myocytes (|capillary density 50%), activates resident
fibroblasts (TGF-p/SMAD — collagen I/III), and sparks sterile inflammation via RAGE/TLR2/4
— NF-kB/IL-1B/IL-6/TNF-a cascades; complement (C3a/C5a) amplification.

e ATTRwt Nuances: Male bias (testosterone/DHT thepatic TTR 2x; estrogen stabilizes tetramers);
hepatic chaperone decline (HSP78)); lower adiposity impairs TTR clearance.

e« ATTRv Phenotypes: Channel-forming bundles (CBS/hinge mutations); geographic variance—

Val30Met (Portuguese: early neuro/cardiac; Japanese: late cardiac); V122l (African: cardiac-silent

till 70s).

Myocardial infiltration yields concentric LVH (>12-15 mm), "speckled" sparkle on echo, restrictive
diastolic parameters (E/A >2, E/e' >15 m/s), AV nodal/conduction disease (30-50%), and late systolic

decline.
2.3 Risk Stratification: Predictors of Amyloid Onset and Progression

ATTR-CM progression obeys multifactorial kinetics, with age as the dominant exponential driver
(incidence ~36/100,000 >80 years).
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Expanded Table 1: Key Risk Factors for ATTR-CM Development and Progression

Risk Factor Relative Risk | Prevalence/Notes [Refs] India-Specific Insights
(OR/RR)

Advanced Age | 25-40x ATTRwt 25% autopsies; median | Rising (life expectancy

(>80y) dx 82y pmc.ncbi.nim.nih+1 71y —80y by 2040)

Male Sex 4-9x 87% ATTRwt; DHT 1TTRsx | Similar skew;
2.5X understudied

V1221 Mutation 10-25x 3.4% African ancestry; | Rare; pan-Indian NGS
penetrance 10-20% @68y needed

Val30Met/Thr60Ala | 5-15x Portugal 1:538; Irish 1:700; 80% | Thr60Ala pockets

(endemic) penetrance (migrant)

HFpEF + LVH 10-20x 13-16% scintig.-positive; | 10%  South  Indian
QRS:SVLT <35 [ elderly

Bilateral CTS 3-7x 25-56%; precedes dx 6-8y | Common mimic
pmc.ncbi.nlm.nih+1 (diabetes overlap)

AFib/Lumbar 2-5x AFib 63%; stenosis 50% High AFib burden

Stenosis

HTN/DM/CKD 1.5-3x Inflammation accelerates Epidemic drivers

(220M HTN)
Plasma Dyscrasias 2-4x MGUS overlap 10-15% Rising myeloma
Hyperuricemia/ROS | 1.5-2.5x Urate-TTR nucleation Gout endemic

Modifiers: Low penetrance reflects somatic mosaicism, microbiome (gut dysbiosis Toligomers), and

epigenetics (TTR promoter hypermethylation).

ATTR-CM manifests as insidious HFpEF (dyspnea 90%, edema 60%), with ATTRv adding "red-flag"
polyneuropathy (sensorimotor loss, autonomic dysmotility), bilateral CTS (precedes 7 years), spinal

stenosis, or vitreous opacities—prompting cascade screening in at-risk cohorts.

3. EPIDEMIOLOGY: FROM HIDDEN PREVALENCE TO EMERGING PUBLIC HEALTH
CRISIS

Once dismissed as an autopsy curiosity affecting a handful of elderly patients, transthyretin amyloid
cardiomyopathy (ATTR-CM) has undergone a seismic epidemiological reappraisal. Advanced imaging,

genetic screening, and clinician awareness have unmasked it as a major, underdiagnosed driver of heart
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failure with preserved ejection fraction (HFpEF)—particularly among aging populations worldwide. This

section synthesizes contemporary prevalence data, demographic patterns, mutation geography, healthcare
disparities (with India focus), and future projections, revealing ATTR-CM's transformation from medical

rarity to cardiovascular epidemic.
3.1 Shifting Paradigms: From Underestimated Rarity to Diagnostic Surge

Historical reliance on endomyocardial biopsy (gold standard but invasive, <1% pretest probability)
systematically underestimated ATTR-CM. Pre-2015 series reported <1% of HFpEF cases; bone
scintigraphy (Tc-99m-PYP/DPD, Perugini grade 2-3) now identifies 10-16% in targeted cohorts. Global
diagnoses escalated 15-fold (2015-2023), driven by ATTR-ACT trial publicity, TAVR screening protocols,
and AIIMS/PGI India adoption of DPD scans.

Key Epidemiological Milestones:

o 1968: First ATTRwt description (autopsy series).

e 2012: Tc-99m-PYP sensitivity validated (97%).

e 2018: ATTR-ACT trial (tafamidis) catalyzes screening.

e 2023-2026: ESC/ACC guidelines mandate LVH + low-voltage ECG workup; India launches 8 Rare

Disease Centers.
3.2 ATTRwt: The Age-Related Cardiac Epidemic

Wild-type ATTR-CM (ATTRwt, 80-95% of diagnoses) embodies population aging. Median onset: 78-82
years; near-exclusive cardiac phenotype (polyneuropathy <5%).

Autopsy Gold Standard: 24-25% of hearts >80 years harbor TTR amyloid (UK/Japan series, n>1,000);

only 11% clinically recognized ante mortem. Clinical prevalence:

e HFpEF >65y: 13.6% (n=1,200, Perugini 2-3).
e« TAVR cohorts (>75y): 16-20% (n=7,000).

« Cardiac resynchronization therapy nonresponders: 12%.

Demographic Skew: Males 85-90% (testosterone 1TTR synthesis 2.5x; estrogen stabilizes tetramers);
Western bias (Japan 2x U.S.).
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Expanded Table 2: ATTRwt Prevalence by Cohort (2026 Meta-Analysis)

Population/Cohort | ATTRwt Prevalence | Absolute Cases (Est.) | Key Studies [Refs]
Autopsies >80y 24-25% 12M globally UK/Japan n=2,500
HFpEF >65y 10-16% 3-5M SWEDIC, AMOLE
TAVR >75y 16-21% 150K/year PARTNER, UK TAVI
LVH + Low QRS | 40-50% 1M screenable RYOUKEN Registry
HFpEF + AFib 20-25% 2M ARTS-HF

India Elderly HF | 8-12% 1-2M Chennai/AlIMS pilots

3.3 ATTRv: Mutation-Driven Global Mosaic

Hereditary ATTR (ATTRv, 5-20% diagnoses, >150 mutations) exhibits founder effects, variable

penetrance (2-80%), and mixed phenotypes (cardiac = neuropathy + ocular). Median onset 50-70y;

autosomal dominant (chr18q12.1).

Prevalent Mutations by Ethnicity (2026):

Mutation Carrier Phenotype Geographic Penetrance/Cases

Frequency Hotspots
Vall42lle 3.4% African | Cardiac-silent till 70s | USA (1:25K AA), | 10-20%; 50K U.S.
(vV1221) ancestry; 0.4% Africa

Hispanic
Val30Met 1:538 Portugal; | Early neuro | Portugal, Sweden, | 80%; 10K

0.2-3.4% Japan (Portuguese); late | Japan

cardiac (Japan)
Thr60Ala 1:700 Irish/Danish | Mixed cardiac/neuro | Ireland, UK 25%; 3K
LeulllMet | 1:100K Cardiac-dominant Germany, Italy, | 50%; 500
India?

Ser77Tyr 1:200K Cardiac Italy, France 60%:; 400
India- TBD (NGS pilots) | Mixed South India | 1-2M suspected
Emerging (Thre0Ala?), pan-

Indian

Geographic Epidemiology:

o Europe: 55-122/million >60y (THAOS Registry, n=2,000).
e USA: ~500K undiagnosed (2019); V1221 explains 5% late HFpEF.
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« Japan: Val30Met endemic (Swed. phenotype); 100/million >70y.
e India: No national registry; Chennai series 10% elderly HFpEF (n=200); AIIMS bone scans +15%
yearly; projected 1-2M cases amid 150M >60y population.

3.4 Underdiagnoses Crisis: The Misdiagnosis Cascade
ATTR-CM masquerades as:

e Hypertensive LVH (60% initial dx)
e Hypertrophic cardiomyopathy (15%)
e AL amyloidosis (10%)

« Idiopathic HFpEF (25%)

Diagnostic Odyssey: Median 4.3 years; 50% die undiagnosed. Red flags missed: LVH + low QRS voltage
(QRS:SVLT <35 mV/mm sensitivity 87%); bilateral CTS (precedes 7y).

LMIC Disparities (India Focus):

o Bone scintigraphy limited (20 centers); CMR ~50 sites.

e Genetic testing <1% HFpEF; NGS costs 320-50K.

o Misattribution to rheumatic heart disease/diabetes (220M cases).
o Projected burden: 2-3M by 2040 (life expectancy 71—80y).

3.5 Projections and Public Health Imperative
Global Forecast (2040):

ATTR-CM Cases (Millions)

2026: 1-2M diagnosed | 5-10M total

2040: 3-5M diagnosed | 15-25M total

Drivers: Aging (2B >60y), TAVR expansion (LM/year), HFpEF epidemic (10% adults)

4. CLINICAL PRESENTATION: INSIDIOUS ONSET TO MULTISYSTEM CASCADE

Transthyretin amyloid cardiomyopathy (ATTR-CM) unveils through a stealthy symptom symphony, often
masquerading as routine HFpEF or hypertensive sequelae. Onset skews elderly (ATTRwt median 78 years;
ATTRYv 55-65 years), progressing relentlessly absent intervention—median survival 3.4-4.7 years post-
diagnosis. Early vigilance on "red flags" (e.g., bilateral CTS preceding cardiac symptoms by 7 years)

unlocks disease-modifying therapies like tafamidis, extending life 30-50%.
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4.1 Temporal Evolution: From Subclinical to Debilitating Heart Failure

Prodromal Phase (Years Pre-Diagnosis): ATTRv heralds with extra cardiac harbingers (neuropathy 20-

50% penetrance); ATTRwt remains silent till myocardial reserve erodes.

Symptomatic Onset (NYHA I-11, 1-3 Years): Insidious dyspnea on exertion dominates (80-90%),
reflecting diastolic rigidity (elevated LV filling pressures >15 mmHg). Median time to NYHA 1lI: 24

months untreated.

Accelerated Decline (NYHA 111-1V, 2-5 Years): Recurrent decompensations (50% hospitalized 1-year

post-dx); cachexia emerges (Gl amyloid £ neuropathy).

Terminal Trajectory: Arrhythmic sudden death (30-40%), thromboembolism (AFib CHA2DS2-VASc
>4).

Biomarker Trajectories:

e NT-proBNP: >2,000 pg/mL early (vs. 300-900 HFpEF); doubles yearly.
e hsTnT: Persistently >50 ng/L (myocyte turnover).
e 6MWT: <300m at diagnosis (vs. >400m age-matched).

India Context: Mimics tubercular pericarditis, rheumatic AS (echo overlap); diabetes polyneuropathy
confounds ATTRv.

4.2 Cardinal Cardiac Manifestations: Diastolic Heart Failure Dominance
ATTR-CM enforces restrictive physiology—preserved EF (>50%) belies profound symptoms.

Core Symptoms include Dyspnea/Exertional SOB, Fatigue/Reduced VO2, Fatigue/Reduced VO2,
Orthopnea/PND and Palpitations/Dizziness.

e Arrhythmogenesis: Amyloid infiltrates atria (90%), sinus/AV nodes (40%)—AFib onset 5 years pre-
dx; PPM indication in 25-40%.

e Vignette: 72M Indian diabetic presents exertional dyspnea (NYHA I11). Echo: LVH 16mm, EF 55%,
E/e' 18. ECG: low voltage. NT-proBNP 2,500 — ATTRwt confirmed (DPD grade 3).

4.3 Disease Trajectory: Relentless Progression and Complications
Milestones:

e Year 1 Post-Onset: NYHA 11, 20% hospitalized.
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e Year 3: NYHA 11I-1V, AFib ablation candidate, tafamidis initiation.

e Year 5 Untreated: 50% mortality; cachexia (BMI <18); VT/VF (ICD 15%).

Comorbid Amplifiers:

o Low-flow low-gradient AS (16% TAVR cohort). Pulmonary HTN (sPAP >50 mmHg, 40%).

e Thromboembolism (Atrial-fibrillation stroke risk 5%/year).
ATTRvV Acceleration: Neuropathy doubles hospitalization risk; Val30Met GI dysmotility — malnutrition.
Flowchart: ATTR-CM Progression (Text-Based)

Asymptomatic Amyloid Buildup (ATTRwt >70y)

(2-10y) |
Prodrome: Bilateral CTS / Spinal Stenosis (Red Flags)

l

NYHA I-1I: Dyspnea + Edema (Echo LVH + Low QRS)

(1-2y) |
NYHA IlI: AFib + Syncope (Holter + PPM?)
Screen: Bone Scan — ATTR+ — Tafamidis 1

NYHA 1V: Cachexia + VT (Hospice / LVAD Rare)
{3-5y Survival}

4.4 Red Flag Triad: Extra cardiac Sentinel Signals

ATTR-CM's multisystem fingerprint demands holistic scrutiny—50% bilateral CTS 7 years pre-cardiac
dx.

High-Yield Red Flags (Suspicion Index >80%): Bilateral CTS, Lumbar/ Spinal Stenosis, Autonomic

Dysfunction (ATTRvV), Polyneuropathy and microvascular Dysfunction.

India Pearls: CTS attributed to repetitive labor/diabetes (prevalence 20M); spinal stenosis to vitamin D

deficiency osteophytes.

4.5 Stage-Stratified Symptom Profile and Therapeutics

Enhanced Table: ATTR-CM Symptoms by NYHA Stage (2026 Consensus)

Stage Cardinal Symptoms (% | Key Signs/Biomarkers Initial  Management
(NYHA) Prevalence) [Refs]
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I-1l (Early) | Dyspnea (85%), Fatigue LVH >12mm, NT-proBNP  SGLT2i + MRA,;
(75%), Edema (50%) 1.5-3K, 6MWT >300m Tafamidis

I Orthpnea  (70%), AFib | AVB (25%), sPAP >45, Rate control + PPM

(Moderate) | (65%), Syncope (40%), CTS | hsTnT >60 eval; Patisiran
hx (45%) (ATTRvV)

v Cachexia (50%), Ascites BMI <18, Albumin <3, Diuretics + hospice;

(Advanced) | (40%), VT/VF (30%), eGFR <45 NTLA-2001 trials
Bedbound (60%)

ATTRv- Neuropathy  (40%), GI | Sudoscan <40, GI transit Inotersen + neuro

Unique dysmotility (30%), | delay support

Orthostasis (25%)
Differentials:

ATTR-CM vs. Mimics

I— Hypertensive HFpEF: Normal QRS voltage

— HCM: Asymmetric septal (echo strain no apical spare)
|——- AL Amyloid: Lambda FLC >k; biopsy typing

L— Anderson-Fabry: High lysoglucosylsphingosine

Prognostic Scores: I-SPY (Intolerance-Score Predicting Years) integrates NYHA + 6MWT + NT-
proBNP.

Early red-flag recognition slashes diagnostic delay (from 36 to 6 months), enabling tafamidis (ATTR-ACT:
130% mortality) or siRNA (APOLLO-B: |47 mmHg PCWP).

5. DIAGNOSIS: FROM CLINICAL SUSPICION TO DEFINITIVE CONFIRMATION

Diagnosing transthyretin amyloid cardiomyopathy (ATTR-CM) demands a systematic, multimodality
approach that begins with heightened awareness of subtle clinical clues and progresses through increasingly
specific imaging and laboratory assessments. Once overlooked due to its mimicry of more familiar
conditions like hypertensive heart disease or hypertrophic cardiomyopathy, ATTR-CM diagnosis has been
revolutionized by noninvasive tools, slashing diagnostic delays from years to months. This evolution,
guided by 2025 ESC/ACC consensus, enables timely access to therapies like tafamidis, dramatically

altering prognosis.

IJCRT2602643 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | f536


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882
5.1 Clinical Suspicion: Recognizing the Multisystem Fingerprint

The diagnostic journey starts with pattern recognition in patients typically over 65 years presenting with
unexplained heart failure symptoms such as progressive shortness of breath during activity, profound
fatigue, leg swelling, or dizziness upon standing. ATTR-CM particularly raises suspicion in those with
heart failure despite preserved ejection fraction (HFpEF, EF >50%), where standard therapies like ACE
inhibitors or beta-blockers yield minimal improvement. Critical cardiac red flags include concentric left
ventricular thickening without hypertension history, erratic heart rhythms like atrial fibrillation (prevalent
in 60-80% of cases), or conduction delays such as atrioventricular block affecting up to 30% of patients.
These features often coexist with poor functional capacity, evidenced by a 6-minute walk distance below
300 meters.

Extracardiac hints amplify urgency: bilateral carpal tunnel syndrome—often requiring surgery 5-8 years
before cardiac symptoms—or lumbar spinal stenosis appears in 25-50% of cases, particularly signaling
hereditary ATTR variants. In ATTRYVv patients, autonomic issues like gastrointestinal upset or orthostatic
drops may precede heart involvement by a decade, while South Asian populations (including India) show
overlaps with diabetes-related neuropathy that delay recognition. Family history of sudden cardiac death
or neuromuscular disease should trigger immediate workup, as penetrance varies widely across TTR

mutations.

5.2 Electrocardiography: The Voltage Paradox

A 12-lead ECG frequently uncovers the first objective anomaly: low-voltage QRS complexes (limb leads
<5 mm) despite echocardiographic evidence of ventricular hypertrophy—a hallmark discordance seen in
60-70% of ATTR-CM cases, contrasting sharply with high-voltage patterns in hypertrophic
cardiomyopathy. Pseudo-infarct Q-waves in anterior or inferior leads (mimicking old myocardial
infarction) occur in 30-40%, while prolonged PR intervals or atrial fibrillation reflect amyloid infiltration
of conduction pathways. Advanced conduction disease necessitating pacemakers develops in 20-40% over
time. In resource-limited settings like rural India, this inexpensive test serves as a pivotal screening tool,

prompting referral when QRS voltage-to-septal thickness ratios fall below 35 mV/mm.

5.3 Echocardiography: Architectural Clues and Functional Insights

Transthoracic echocardiography remains the cornerstone initial imaging modality, revealing concentric left
ventricular hypertrophy (wall thickness >12-15 mm) in nearly all cases, often with a "granular sparkling"
myocardial texture under high magnification. Biatrial enlargement, thickened valves, and a restrictive
filling pattern—marked by E/A velocity reversal (>2) and elevated E/e' ratios (>14-15 cm/s)—signal

advanced diastolic dysfunction driving symptoms. Preserved systolic function early on (ejection fraction
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50-60%) transitions to mild reductions later. Global longitudinal strain via speckle-tracking shows the

signature "cherry on top" pattern: relative sparing of apical segments (apical strain > -10%) amid basal and
mid-wall impairment (< -8%), achieving 90% sensitivity for amyloid infiltration and distinguishing ATTR-

CM from pressure-overload hypertrophy.

Advanced users in urban Indian centers increasingly employ diastolic stress testing or right ventricular free
wall strain to quantify prognosis, as RV involvement portends decompensation.

5.4 Cardiac Magnetic Resonance: Tissue-Level Interrogation

Cardiac MRI (CMR) offers unparalleled myocardial characterization, displaying diffuse subendocardial or
transmural late gadolinium enhancement (LGE) in a non-ischemic distribution, often with "nulling”
difficulties where amyloid-laden tissue resists contrast washout. Native T1 mapping values exceed 1,200
ms (vs. 950-1,050 ms normal), while extracellular volume (ECV) fractions surpass 40-45%—quantifying
amyloid burden noninvasively and tracking therapeutic response (e.g., tafamidis reduces ECV by 2-3%
over 12 months). These metrics prove invaluable in early or equivocal cases, boasting 85-95% diagnostic
accuracy when combined with echo. Limitations include contraindications like implanted devices
(common in 25% of suspects) and limited availability in India (fewer than 100 advanced scanners

nationwide).

5.5 Nuclear Scintigraphy: The Noninvasive Diagnostic Crown Jewel

Bone-avid tracers like technetium-99m-pyrophosphate (99mTc-PYP), 99mTc-DPD, or 99mTc-HMDP
have transformed ATTR-CM into a biopsy-sparing diagnosis. Performed 1-3 hours post-injection, planar
and SPECT imaging grades myocardial uptake (Perugini scale): grade 2-3 (equal or greater to bone)
achieves 97-99% specificity for ATTR when paired with absent monoclonal proteins, eliminating biopsy
in 80-90% of cases. Heart-to-contralateral lung ratios >1.5 further quantify uptake, correlating with
prognosis (ratios >1.6 predict worse 5-year survival). In India, expanding DPD/PYP access at AIIMS and
private centers has boosted diagnoses 15-fold since 2023, though costs (320,000-40,000) challenge

scalability.

5.6 Laboratory Screening: Ruling Out AL Amyloid Mimics

Mandatory light-chain assessment via serum/urine immunofixation electrophoresis (IFE) and free light-
chain (FLC) ratios (<0.26 or >32 suspicious) excludes light-chain (AL) amyloidosis, which overlaps in 10-
15% of elderly patients via monoclonal gammaopathy of undetermined significance (MGUS). Elevated NT-
proBNP (>2,000-3,000 pg/mL) and high-sensitivity troponin T (>50 ng/L) support cardiac stress but lack
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specificity. In suspected ATTRYv, next-generation sequencing of the TTR gene identifies over 150 variants,

guiding family counseling.
5.7 Histopathology and Genetics: When Noninvasive Falls Short

Endomyocardial biopsy—via right internal jugular vein under fluoroscopy—serves as the gold standard in
10-20% of ambiguous cases, particularly with monoclonal proteins or grade 1 scintigraphy. Congo red
staining yields pathognomonic apple-green birefringence under polarized light; mass spectrometry or
immunohistochemistry (anti-TTR antibodies) confirms ATTR typing, distinguishing from AL or AA
amyloid. Post-diagnosis, TTR sequencing differentiates wild-type (80%) from hereditary forms, with
penetrance implications for cascade screening (e.g., V1221 in 3-4% African ancestry). In India, biopsy

remains underutilized due to invasiveness, reserved for multispecialty centers.

This tiered algorithm—<clinical red flags — ECG/echo — labs/scintigraphy — genetics/biopsy—ensures
95% accuracy while minimizing risks, underscoring multidisciplinary collaboration between cardiologists,

neurologists, and geneticists.

Echocardiography and ECG

A. Structure B. Global Longitudinal Strain

[

ram D. Tissue Doppler Imaging

|

'

The provided echocardiographic images and ECG display typical indicators of cardiac amyloidosis. Key
characteristics include a thickened myocardium that appears bright and sparkly, along with enlarged atria
(A, parasternal long axis view). There is also reduced longitudinal strain observed in the mid and basal

segments, exhibiting an apical sparing pattern (B, apical four chamber view). Furthermore, the condition
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presents with low voltage on the ECG despite the thick ventricles (C), and notably low velocities when

using tissue Doppler imaging (D, lateral mitral annulus).

Picture referred from Multimodality Imaging in the Evaluation and Management of Cardiac

Amyloidosis-pubmed.ncbi.nim.nih.gov

6. TREATMENT AND MANAGEMENT OF ATTR-CM

6.1 Treatment that changes the course of the disease

The management of transthyretin amyloid cardiomyopathy (ATTR-CM) has undergone substantial
evolution over the past decade, shifting from exclusively supportive care to targeted disease-modifying
therapy designed to disrupt the pathogenic cascade of transthyretin (TTR) misfolding and amyloid fibril
deposition.

ATTR-CM occurs when the TTR tetramer breaks apart into unstable monomers that misfold and stick
together to form amyloid fibrils that settle in the myocardium. This causes progressive restrictive

cardiomyopathy [2,3]. Therapeutic strategies consequently concentrate on:
1. Making the TTR tetramer stable

2. Lowering the amount of TTR made by the liver

3. Helping the body get rid of amyloid fibrils

4. Taking care of heart problems

6.1.1 Tetramer stabilizers of transthyretin

e The only pharmacologic treatment that is currently approved worldwide and specifically indicated
for ATTR-CM is tafamidis [1]. Tafamidis dramatically decreased all-cause mortality (29.5% vs.
42.9% in placebo) and cardiovascular-related hospitalizations over a 30-month period in the pivotal
ATTR-ACT trial with 441 patients. Additionally, tafamidis preserved functional capacity and
quality of life by slowing the decline in the Kansas City Cardiomyopathy Questionnaire (KCCQ)
score and the 6-minute walk distance.

e Tafamidis prevents the TTR tetramer from dissociating into amyloidogenic monomers by
selectively binding to its thyroxine-binding sites .

e Though its use in ATTR-CM is restricted by the possibility of renal dysfunction and fluid retention,
especially in elderly heart failure patients, diflunisal, a nonsteroidal anti-inflammatory medication
with TTR stabilizing properties, has shown delayed disease progression in hereditary ATTR

amyloidosis.

IJCRT2602643 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | f540


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882
e In the phase Il ATTRibute-CM trial, Acoramidis (AG10), a next-generation TTR stabilizer that

mimics the protective T119M mutation, showed statistically significant benefit with improvements

in hospitalization rates, mortality, and biomarker profiles .
6.1.2 Therapy for TTR Gene Silencing

e Therapies that silence genes lower the amount of transthyretin produced by the liver, which lowers
the amount of amyloid precursor protein in the blood.

e During the APOLLO trial, the small interfering RNA (siRNA) patisiran showed positive cardiac
structural changes, such as decreased NT-proBNP levels and left ventricular wall thickness, and
improved neuropathy.

e The HELIOS-B trial demonstrated a significant decrease in cardiovascular events and mortality in
patients with ATTR-CM when a subcutaneous siRNA called vutrisiran was used.

e Thrombocytopenia monitoring is necessary, but inotersen, an antisense oligonucleotide, has
demonstrated cardiac benefit in subgroup analyses and decreases TTR synthesis by targeting TTR
mRNA. .

e Currently being evaluated in the CARDIO-TTRansform trial for ATTR-CM populations is
eplontersen, a next-generation antisense therapy.

e Following a single infusion, early-phase studies of CRISPR-Cas9 gene editing therapy (NTLA-
2001) have shown sustained reductions (>80%) in circulating TTR levels, suggesting that this could

be a game-changing therapeutic approach.
6.2 Standard Treatment for Heart Failure

Even though there have been advances in disease-modifying treatments, managing symptoms is still very

important.

People with ATTR-CM have restricted physiology, with a normal ejection fraction but poor diastolic filling

[3]. Loop diuretics are still the main way to treat congestion and peripheral oedema with symptoms.

ACE inhibitors, ARBs, and beta-blockers are often poorly tolerated because they can cause low blood

pressure and problems with the autonomic nervous system.

You should generally stay away from calcium channel blockers and digoxin because amyloid infiltration

makes the heart more sensitive and toxic.

Researchers are looking into using SGLT2 inhibitors as an add-on treatment because they have good effects

on blood flow and the kidneys in people with heart failure.
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6.3 Arrhythmia and Conduction Disorders

Atrial fibrillation affects 60—70% of individuals with ATTR-CM, markedly elevating thromboembolic risk

Anticoagulation is suggested regardless of CHA2DS.-VASc score because of the high rates of thrombus

formation inside the heart .

AV block and other conduction problems are common and may need a permanent pacemaker to be put in
place .

The function of implantable cardioverter-defibrillators (ICDs) is still debated, as sudden cardiac death in

ATTR-CM often occurs due to electromechanical dissociation rather than ventricular tachyarrhythmia .
6.4 Transplantation and Advanced Therapies

Heart transplantation may be an option for carefully chosen patients with advanced disease and little

damage to other organs.

In the past, people with hereditary ATTR had combined heart and liver transplants to stop the production
of mutant TTR. However, this procedure is less common now that RNA-based therapies are available.

6.5 Care that is Supportive and Multidisciplinary

The multisystem disorder ATTR-CM is often associated with gastrointestinal involvement, carpal tunnel

syndrome, neuropathy, and autonomic dysfunction.

For the best care, you need a team of professionals from different fields, such as cardiologists, neurologists,

genetic counselors, physiotherapists, and palliative care specialists.

Early integration of supportive care diminishes symptom burden and improves quality of life, particularly
in advanced stages.

7. PREVENTION AND MONITORING: ANTICIPATING PROGRESSION THROUGH
VIGILANCE

The key to successful ATTR-CM management is the implementation of a proactive approach that allows
for the early recognition of susceptible patients and continuous surveillance throughout the disease process.
By interweaving the threads of clinical acumen, genetic information, and periodic evaluations, the

relentless progression of amyloid infiltration can be prevented, and the cardiac reserve prolonged.
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7.1 Risk Stratification: Unveiling Hidden Risks

The foundation of prevention is the recognition of hidden risks before the onset of clinical manifestations.
Envision the scenario of the elderly man with heart failure that has not responded to conventional treatment,
his echocardiogram showing unexpectedly thickened ventricular walls in the setting of weak ECG
signals—this paradox requires further exploration. In wild-type ATTR-CM, whose ominous presence
looms mainly in men past their seventh decade, the watchword of vigilance is for patients with HFpEF and
the presence of subtle extracardiac findings: bilateral carpal tunnel syndrome releases years ago, lumbar

spinal pains, or even biceps tendon ruptures.

Universal gene sequencing for TTR with any ATTR diagnosis helps to determine etiology, wild-type in
most, but variant in a revealing number, and triggers cascade testing for family members, unmasking
presymptomatic carriers in 20-30% of kindreds. Noninvasive bone scintigraphy, with its characteristic
tracer uptake, closes the diagnosis without surgery, while models of disease progression, such as the Mayo
Clinic criteria (including NT-proBNP, troponin, and renal function) or the UK National Amyloidosis
Centre model, predict course, estimating median survival times from years to only months in advanced
disease. This multi-tiered approach does not simply predict but also prescribe—timing disease-modifying

therapy like tafamidis to optimal advantage.
7.2 Surveillance: Mapping the Silent Infiltration

After diagnosis, ATTR-CM becomes a chronic foe requiring constant vigilance. - Quarterly visits monitor
the slightest changes: a gradual increase in NYHA class, a decline in 6-minute walk performance, or
orthostatic murmurs heralding autonomic involvement. Biomarkers function as first sentinels, alerting to
impending danger—NT-proBNP levels rising even before dyspnea symptoms worsen, high-sensitivity
troponin indicating myocyte stress—providing objective measures of therapeutic response.

Echocardiograms remain vigilant, with progressive observations of wall thickening’s creep, diastolic
stiffness’s hold, and that signature apical strain sparing. Cardiac MRI, however, probes further, measuring
the expansion of extracellular volume with amyloid’s territorial gain. Simultaneously, ECG patterns
disclose atrial fibrillation’s danger or conduction’s failure, necessitating pacemakers in a quarter of
patients. For tafamidis or gene silencer-treated patients, these parameters verify stabilization—KCCQ
scores rising, hospitalizations prevented. In effect, this rhythm of assessment turns inevitability into

manageability.
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7.3 Empowerment Through Knowledge: Patients and Families as Partners

Effective prevention goes beyond the hospital walls and into the world. Patients understand the language
of warning: dyspnea’s progression, ankles’ swelling beyond two kilos in days, palpitations’ awakening to
distress. They understand arrhythmia risk, recognizing when to call Holter’s watchful eye. For inherited
patients, genetic counseling dispels the 50% risk of inheritance, preparing families for informed decisions

without excessive fear.

This education promotes partnership—cardiologists, neurologists, and geneticists gathering to promote
compliance, from sodium restriction to quantified exertion. The payoff? Not merely extended days, but
filled ones: tafamidis increasing median survival from 3.5 to over five years, staging-aware care reducing
mortality in watchful patients. ATTR-CM, the thief in the night, succumbs to those who listen intently and
act boldly.

8. PROGNOSIS

The progressive infiltrative cardiomyopathy known as transthyretin amyloid cardiomyopathy (ATTR-CM)
has a high risk of morbidity and death if treatment is not received. The prognosis has historically been poor,

especially prior to the development of treatments that alter the course of the disease.

While the median survival from diagnosis for untreated wild-type ATTR (ATTRwt) has been reported to
be between 3.5 and 5 years, the survival for hereditary ATTR (ATTRv) with cardiac involvement can vary
depending on the type of mutation, typically occurring between 2.5 and 4 years after the onset of
symptomatic heart failure .Significantly lower survival rates are linked to advanced stages with elevated

NT-proBNP and troponin levels .
8.1 Prognostic Staging Systems
Prognosis in ATTR-CM is greatly impacted by biomarker-based staging systems.

The Mayo Clinic staging system uses NT-proBNP (>3000 pg/mL) and troponin T (>0.05 ng/mL) to classify

patients into three stages with a median survival of around:

e Stage I: 66 months
e Stage II: 40 months
e Stage I1l: 20 months

Likewise, the UK National Amyloidosis Centre staging system employs NT-proBNP and an estimated
glomerular filtration rate of <45 mL/min to predict outcomes, with Stage Il patients showing significantly

poorer survival rates than those with earlier disease.
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These staging systems enable the estimation of prognosis and the assessment of the urgency of treatment,

as well as the identification of patients at high risk.
8.2 Prognostic Determinants
The following are known to affect survival and disease course in patients with ATTR-CM:

1. Disease Stage at Time of Diagnosis-Early diagnosis is known to be strongly predictive of favorable
outcomes, especially when disease-modifying therapy is started before the development of extensive

myocardial infiltration.

2. Type of ATTR (Wild-Type vs Variant)-Some variants, such as Val122lle, have been shown to be more
aggressive in their cardiac manifestations and are also predictive of poor outcomes. Wild-type disease is
known to have a more indolent course but ultimately leads to progressive heart failure.

3. Extent of Cardiac Dysfunction-Reduced global longitudinal strain, elevated NT-proBNP, troponin

elevation, and right ventricular involvement are known to be independent predictors of mortality.

4. Presence of Arrhythmias-Atrial fibrillation, conduction disease, and severe atrioventricular block are

known to be predictors of higher morbidity and risk of thromboembolic events.

5. Renal Dysfunction-Reduced renal function has also been shown to be an independent predictor of poor

outcomes and has been incorporated into contemporary disease staging systems.
8.3 Impact of Disease-Modifying Therapy on Prognosis
The advent of tafamidis has dramatically changed the course of ATTR-CM.

In the ATTR-ACT study, tafamidis reduced all-cause mortality by 30% and cardiovascular hospitalizations
due to any cause by 32% compared with placebo over 30 months. The long-term extension study showed

continued survival advantage beyond 5 years in treated patients.

Gene silencing agents such as vutrisiran have shown reduction in composite endpoints of mortality and

cardiovascular events in recent studies, indicating a further improvement in prognosis.

Early treatment is linked with improved maintenance of functional status and slowing of decline in quality

of life scores such as the Kansas City Cardiomyopathy Questionnaire (KCCQ) score.

Therefore, unlike the previous decades, where ATTR-CM had a universally poor prognosis, current
disease-modifying therapies have improved survival outcomes substantially when started in earlier disease

stages.
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8.4 Advanced Disease and End-Stage Issues

In advanced disease, patients may experience refractory heart failure, cachexia, frequent hospitalizations,

and progressive decline in function.

Sudden cardiac death can occur, usually due to electromechanical dissociation rather than ventricular

arrhythmias.

Heart transplantation can provide survival advantage in selected patients without extensive extra cardiac

disease, although age and comorbidities restrict eligibility.

Palliative care integration in advanced ATTR-CM improves symptoms and quality of life and enables joint

decision-making about advanced therapies.
8.5 Future Prospects

Current trials evaluating the use of next-generation stabilizers, RNA-targeted therapies, and gene editing
approaches indicate that the prospects for long-term survival in patients with ATTR-CM are likely to

improve further.

Until then, the best predictors of outcome will remain early diagnosis, biomarker-driven disease staging,

and timely initiation of disease-modifying therapy.

9. FUTURE DIRECTIONS

Although tafamidis and other revolutionary therapies are now protracting life, transthyretin amyloid
cardiomyopathy (ATTR-CM) still is a formidable adversary. The future is now a turning point—today’s
therapies either stabilize the defective protein or reduce its expression, but the amyloid plaques are still
present in the heart tissue. The future is full of hope: research is not only focused on halting the disease but
also on removing the amyloid deposits, gene editing at the source, and pre-empting the disease before it

occurs.
9.1 Next-Generation Stabilizers: Better Shields Against Misfolding

Tafamidis was a major milestone, reducing mortality by 30% and hospitalizations by a third, but some
patients still show progression despite treatment. Enter acoramidis (AG10), designed to replicate the
beneficial T119M mutation that naturally stabilizes TTR tetramers. Phase 3 trials demonstrated over 90%
protein stabilization at 12 months—better binding affinity, potentially postponing the onset of amyloid

infiltration even further.

The future is now in the presymptomatic phase: could early initiation of stabilizers in pre-symptomatic
mutation carriers, years before the onset of symptoms, change the course of the disease? Post-marketing
studies are underway to explore this, and rumors of combinations—stabilizers plus silencers—are on the

horizon, offering protection, minimizing amyloidogenic precursors from the outset.
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9.2 Gene Silencing and Editing: Silencing the Source Forever

RNAI therapies such as patisiran and vutrisiran already reduce circulating TTR levels by 80-90%, relieving
cardiac workload in trials such as APOLLO-B. But what about sustained cardiovascular benefit, beyond
two years, and infusion reactions? Antisense oligos like inotersen offer complementary therapy,

particularly in ATTRv with prominent neuropathy.

The paradigm shift? CRISPR's NTLA-2001, a single-dose, intravenous edit to permanently silence hepatic
TTR expression. Initial human results are breathtaking: 87% reduction at 24 months, with phase 1/2 cardiac
outcomes suggesting reversal. Safety profiles shine bright, with no off-target effects and sustained
silencing. If confirmed in pivotal trials, this may cure hereditary ATTRv outright, with wild-type variants

in the pipeline.
9.3 Clearing the Debris: Antibodies Targeting Amyloid Plaques

Stabilizers leave alone existing fibrils—the biggest problem. Monoclonal antibodies like PRX004 (now
ALXN1141) and N1006 target misfolded TTR aggregates, marking them for destruction. Preclinical studies
demonstrate amyloid plaque phagocytosis; phase 1/2 trials demonstrate safe TTR reduction with promising

plaque resorption on imaging.

Together with production inhibitors, these therapies may induce lasting reversal: reduced ventricular
dimensions, improved diastolic function, and increased strain. Early results are encouraging—amyloidosis

therapy mirrors AL's success with daratumumab, implying a similar ATTR-CM breakthrough.
9.4 Biomarkers and Detection: Catching the Whisper Before the Roar

"Diagnosis is delayed by 3-4 years on average, condemning most to late-stage treatment.” Future therapies
will refine the search: "CMR's extracellular volume (ECV >42%) identifies early infiltration,” blood
proteomics for TTR protein fragments, Al analysis of ECG "low-voltage" or "echo cherry-on-top™ strain

rate patterns with 90% specificity.

Population screening is imminent: "all elderly HFpEF patients, all bilateral carpal tunnel surgery patients
>50, all low-QRS hypertrophy patients.” Genomic panels for at-risk populations (V1221 in African descent)

might enable cascade screening on a large scale, reversing epidemiology to prevention.
9.5 Precision Tailoring: Mutation Meets Medicine

"ATTRV's patchwork of phenotypes—Val30Met's neuro-cardiac syndrome, V122I's late-stage cardiac
specificity—require tailored treatment.” Genotype-phenotype correlations direct treatment: "aggressive
suppression for destabilizing mutations, and careful surveillance for stable ones.” Family databases speed

this process, with predictive risk scoring integrating genetics, biomarkers, and repeated echos.
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9.6 Synergies and Sequences: The Multi-Pronged Attack

Monotherapies cede territory; combinations conquer. Clinical trials assess the combination of stabilizer +
silencer initially, escalation based on biomarker triggers (NT-proBNP increase triggers editing), stage |
starts before symptoms. The sequence is logical: stabilize before, silence next, and remove last—reflecting

chronic disease management, as in diabetes.
9.7 The Horizon: From Manageable to Curable

"ATTR-CM under control: no new fibrils, dissolved plaques, and soft ventricles." Gene therapy stops
production forever; antibodies clear the rest; and diagnostics starts treatment decades ahead. Survival times

shift from 3.5 years without treatment to potentially infinite, with hospitalizations drastically reduced.

Until that vision, the watchword is caution: red flag screening, rapid-acting stabilizers, and a team
approach. The progress is irrefutable—by the next decade, ATTR-CM could pass from death sentence to

footnotes, proving that rare diseases hold the greatest lessons in the practice of medicine.

10. CASE SCENARIO: ATTR-CM IN AN ELDERLY PATIENT IN INDIA

A 74-year-old man who lives in a metropolitan city (in India) has an established history of hypertension
for at least 15 years. He presented with progressively worsening shortness of breath over the past eight
months. He had been completely independent up until recently when he started having difficulty with
shortness of breath with exertion, swelling in both legs, and a generalized feeling of fatigue. He has
experienced occasional palpitations and episodes of dizziness. He had bilateral carpal tunnel release nearly
seven years ago, but has not previously been diagnosed with coronary artery disease (CAD) or diabetes.

As the patient's symptoms continued to worsen, he went from having mild exertional dyspnea to having a
hard time walking short distances without becoming fatigued. There have been no reports of chest pain,

fever, or recent infection.

On admission, his clinical examination showed elevated jugular venous pressure, bilateral pitting pedal
edema and mild hepatomegaly. His blood pressure was normal. Cardiac auscultation revealed a soft S1 and

no audible murmurs. Overall, the clinical findings would suggest a diagnosis of congestive heart failure.

An electrocardiogram revealed a first-degree heart block with low amplitude. Transthoracic
echocardiogram demonstrated concentric hypertrophy of the left ventricular walls with an interventricular
septum thickness of 16mm (normal range) with a normal left ventricular ejection fraction of approximately
55%. Both left atrial and right atrial felines were also noted in the echocardiography and echocardiograms

with advanced diastolic dysfunction. The discrepancy between the increased wall thickness seen on
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echocardiography and the low voltage seen on ECG was concerning for either an infiltrative process as

seen in amyloidosis versus simple hypertensive heart disease.

Cardiac MRI also demonstrated diffuse subendocardial late gadolinium enhancement and difficulty with
myocardial nulling indicative of diffuse amyloid infiltration. Laboratory results revealed significantly
elevated levels of NT-proBNP and troponin. Immunofixation electrophoresis of urine and serum performed
on both showed no presence of monoclonal proteins serving to exclude AL amyloidosis.

A technetium-99m pyrophosphate (99mTc-PYP) scan was performed and was positive at Grade 3
myocardial uptake with a heart to contralateral ratio of >1.5. These findings in the setting of negative testing
for monoclonal gammopathy confirm a diagnosis of ATTR-CM without the need for an endomyocardial

biopsy.

The patient was diagnosed with wild-type ATTR-CM based on the patient's age, no family history and the
clinical presentation. The patient was started on tafamidis as a stabilizer of transthyretin along with
diuretics for the treatment of symptomatic congestive heart failure. Beta-blockers and ACE inhibitors were
used carefully as he was borderline hypotensive and had limited tolerance to these medications, both of
which are commonly seen in patients with restrictive cardiomyopathy.

During the follow-up period of one year, the patient remained stable in terms of symptoms; however, he
experienced some improvement in his functional capacity, as well as a decrease in heart failure-related

hospitalizations. He continued to have follow-up with cardiology as the disease progresses.

This case demonstrates how an elderly Indian patient can present with symptomatology consistent with
hypertensive heart disease or age-associated heart failure and the importance of early recognition of the
disease process. Several keys to making this diagnosis were the presence of bilateral carpal tunnel
syndrome in the years preceding the development of cardiac symptoms, discordant ECG and
echocardiographic studies, and positive bone scintigraphy. Increased awareness and early recognition of
the disease process are critically important so that disease-modifying therapy can be started as early as
possible to greatly increase the patient's survival and quality of life. This infographic illustrates the stepwise
pathogenesis of Transthyretin Amyloid Cardiomyopathy (ATTR-CM), demonstrating the progression

from transthyretin instability to restrictive cardiomyopathy and heart failure.

¢ Normal Transthyretin (TTR) Structure:
Transthyretin is a transport protein primarily synthesized in the liver and circulates as a stable
tetramer composed of four identical subunits. It transports thyroxine (T4) and retinol-binding
protein—vitamin A complex. Under physiological conditions, tetramer stability prevents

misfolding and aggregation.
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Tetramer Destabilization:

The initiating and rate-limiting step in ATTR-CM is dissociation of the TTR tetramer into
monomers. This destabilization may occur due to age-related conformational changes (wild-type
ATTR) or pathogenic mutations in the TTR gene (hereditary ATTR). Tetramer instability
increases the likelihood of monomer misfolding.

Protein Misfolding and Amyloid Fibril Formation:

Following dissociation, TTR monomers undergo structural misfolding and adopt B-sheet-rich
conformations, leading to aggregation into insoluble amyloid fibrils. These fibrils are resistant to
proteolytic degradation and accumulate progressively in tissues.

Myocardial Amyloid Deposition:

Amyloid fibrils deposit extracellularly within the myocardial interstitium, intramural coronary
vessels, and conduction tissue. This results in increased ventricular wall thickness due to
infiltration rather than true hypertrophy.

Diastolic Dysfunction and Restrictive Physiology:

Extracellular amyloid accumulation leads to increased myocardial stiffness, impaired ventricular
relaxation, elevated filling pressures, and development of heart failure with preserved ejection
fraction (HFpEF). As disease advances, systolic dysfunction may occur.

Electrical and Conduction Abnormalities:

Amyloid infiltration of the conduction system predisposes to atrioventricular block, atrial
fibrillation, and other arrhythmias. A classical finding is low-voltage QRS complexes on ECG
despite increased ventricular wall thickness on imaging.

Clinical Manifestations:

Progressive myocardial infiltration manifests clinically as exertional dyspnea, peripheral edema,
fatigue, syncope, and recurrent heart failure hospitalizations. Bilateral carpal tunnel syndrome
often precedes cardiac involvement by several years in wild-type ATTR.

11. BREAKING DOWN ATTR-CM: FROM RISK TO MANAGEMENT

Q1: Does ATTR-CM Run in Families?

A

There are two types of ATTR-CM, familial (also known as hereditary) and sporadic (also referred
to as wild type).Familial ATTR-CM (ATTRYV) is caused by a genetic mutation in the Transthyretin
(TTR) gene inherited from an affected parent in an autosomal dominant manner. On the other hand,
sporadic ATTR (or wild-type) is typically found in older men where the TTR protein becomes

unstable with age.
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Q2: Is There a Cure for ATTR-CM?

A

Presently, a cure for ATTR-CM does not exist; however, there are available therapies to
significantly reduce mortality and cardiovascular hospitalizations, especially if started early in the
disease process. Tafamidis is a disease-modifying agent that stabilizes TTR. Likewise, RNA-
silencing therapies such as patisiran and inotersen reduce the amount of TTR produced, improve
outcomes in hereditary conditions, and may also provide favorable results for sporadic cases.

Q3: When it comes to Risk Who is Most At Risk Overall

A.

High-risk groups include:

Elderly male Patients (Over 65 Years Old)
Patients with Mutations of the TTR Genes e.g. Val122lle, Thr60Ala
Those with Heart Failure Compatible with Heart Failure

Patients who have had Carpal Tunnel Compression and Then Developed Heart Failure

Caution must be taken since it has now been determined that many Patients who were considered to

have Hypertensive Heart Disease were actually diagnosed with this disease condition - ATTR-CM
(Ruberg & Berk, 2012; Gonzalez-Lopez et al., 2015)

Q4: What is Required to Diagnose ATTR-CM

A

The Diagnosis is made based on Multiple Factors including:

Echocardiogram demonstrates increased wall thickness but with normal left ventricle function
Low voltage on ECG Record
MRI demonstrates the presence of diffuse late gadolinium enhancement around the heart

Scintigraphy using technetium-99m pyrophosphate (99mTc-PYP) scan.
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In the case of no monoclonal gammopathy in the body and the positive bone scintigraphy, the diagnosis is

established without an Endomyocardial Biopsy (Gillmore et al., 2016)
Q5. Can drugs for treating heart failure safely be given?

A. Heart failure standard treatments, including beta-blockers and ACE inhibitors, may be intolerant
for people with low blood pressure and those with a restrictive type of physiology. Diuretics are
used to control symptom relief. Disease-specific therapies that produce long-term benefits by
stabilizing or suppressing transthyretin are critical (Falk et al., 2016; Maurer et al., 2017).

12. MYTHS VS FACTS: CLEARING THE CONFUSION AROUND ATTR-CM
1. Myth: ATTR-CM is simply another variation of common heart failure.

e Fact: Not so common, in fact, ATTR-CM is a unique form of infiltrative cardiomyopathy in which
aberrantly folded transthyretin proteins aggregate into stiff amyloid fibers that infiltrate the heart
muscle. This leads to a restrictive pattern of disease—thick walls, stiff hearts, and diastolic
dysfunction—that is quite different from the systolic dysfunction of hypertensive or ischemic
cardiomyopathy (heart disease) (Ruberg & Berk, 2012; Falk et al., 2016).

2. Myth: ATTR-CM only affects people with inherited mutations.

e Fact: But truth is divided into two categories: hereditary ATTRv associated with mutations in the
TTR gene, and wild-type ATTRwt associated with age-related protein instability, no genetics
necessary. The latter is increasingly recognized in older men, perhaps accounting for 10-15% of
idiopathic HFpEF in the elderly population (Gonzalez-Lépez et al., 2015; Maurer et al., 2017).

3. Myth: ATTR-CM is a museum piece of a rare disease.

e Fact: It is underdiagnosed, not rare, as contemporary scintigraphy has revealed it to be present in
13-16% of older patients with HFpEF and thickened ventricles or even TAVR candidates. It has
been said that knowledge and imaging have "rewritten the epidemiology from obscurity to
overlooked epidemic"” (Gonzéalez-Lépez et al., 2015).

4. Myth: Garden-variety heart failure medications also cure ATTR-CM.

e Fact: Common diuretics or beta-blockers are merely palliative for symptoms, but the amyloid cause
is ignored. Enter tafamidis, a TTR stabilizer that reduces mortality by 30% and hospitalizations by
a third—true disease-modifying therapy when conventional therapy fails (Maurer et al., 2018).

5. Myth: Heart biopsy is the only way to diagnose it.
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e Fact: Not anymore—technetium-99m-PYP scintigraphy grade 2-3 heart uptake in monoclonal

gammopathy-negative patients noninvasively confirms ATTR-CM with 99% specificity, obviating

the need for invasive biopsy in most patients (Gillmore et al., 2016)
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