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ABSTRACT

Despite the rapid expansion of noninvasive (nonbiopsy) diagnosis, contemporary patients
with cardiac amyloidosis too often present with advanced features of disease, such
as diminished quality of life, elevated natriuretic peptides, and advanced heart failure.
Therapeutics for transthyretin cardiomyopathy (ATTR-CM) are most effective when
administered before significant symptoms of cardiac dysfunction manifest, making early
identification of affected individuals of paramount importance. Community engagement
and ensuring that a broad range of clinicians have working knowledge of how to screen
for ATTR-CM in everyday practice will be animportant step in moving disease identification
further upstream. However, reliance on the appropriate and timely diagnosis by individual
clinicians may continue to underperform. This review highlights how targeted screening
of special populations may facilitate earlier diagnosis. Systems of care that operationalize
screening of high-risk subpopulations and prospective validation of novel approaches to
ATTR-CM identification are needed.
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BACKGROUND

Cardiac amyloidosis  (CA) is characterized by the
extracellular deposition of amyloid fibrils in the heart with
the distinctive histological property of green birefringence
when viewed under cross polarized light microscopy after
staining with Congo red.*” There are two main types of
CA, namely transthyretin (TTR) cardiomyopathy (ATTR-CM)
and light chain (AL) cardiomyopathy (AL-CM). In ATTR-CM,
the native tetrameric form of TTR, produced mainly in the
liver, pathologically dissociates to form amyloid fibrils that
deposit in the myocardium, nerves, and soft tissues.* AL-CM
occurs when an abnormal clone of plasma cells produces
a light chain that is prone to misfolding and forming
amyloid fibrils that deposit in the myocardium, kidneys,
GI tract, liver, nerves, and soft tissues. In both instances,
the myocardium becomes progressively thickened, causing
heart failure, conduction disease, and arrhythmias.**

ATTR amyloidosis can occur as an acquired disease
of aging—called “wild type” (ATTRwt)—which is most
commonly found in older White males but has no known
genetic cause. It also can be due to an autosomal dominant
inherited pathogenic variant in the TTR gene (ATTRv)
with more than 150 variants described to date; some
present predominantly with cardiomyopathy, others with
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peripheral and/or autonomic neuropathy, and most with a
mixed phenotype. The most common variant in the United
States is the valine to isoleucine substitution at amino
acid 122 (V1221 or p.V1421), of which 3% to 4% of African
Americans are heterozygote carriers, putting them at risk
for the phenotypic expression of late onset ATTR-CM.>®
Median survival after diagnosis in untreated patients is
poor: 2.5 years for ATTRv-CM caused by the V1221 variant
and 3.6 years for ATTRwWt-CM.” 10

Recent data suggest that CA has been an underrecog-
nized cause of cardiac disease.'’'* Although awareness
has increased, accurate and timely diagnosis remains
suboptimal. This may be due in part to late recognition
by clinicians as well as uneven access to noninvasive
multimodality imaging tools and/or endomyocardial
biopsy needed for the diagnostic evaluation. Furthermore,
the attribution of the presenting symptoms and signs to
aging, hypertension, hypertrophic cardiomyopathy, and
other causes of heart failure and diastolic dysfunction
contribute to missed and delayed diagnosis.”” Efforts
to move the therapeutic window further upstream from
the decline in quality of life, worsening renal function,
elevation of natriuretic peptides, and shortened life
expectancy associated with advancing ATTR-CM would
have tremendous benefit to patients (Figure 1).°
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Figure 1 Top arrow represents a conceptual diagram of progression across time from a normal heart to advanced transthyretin (TTR)
amyloid cardiomyopathy (ATTR-CM). Bottom arrow depicts different opportunities during the disease process for earlier detection of ATTR-

CM. abnl: abnormalities; pAF: paroxysmal atrial fibrillation; DOE: dyspnea
EHR: electronic health record

on exertion; NT-proBNP: N-terminal pro-brain natriuretic peptide;

Note: This diagram is meant to be conceptual, and manifestations of disease may vary across the spectrum of wall thickness.

* Conduction abnormalities include first-degree heart block, right bundle
complete heart block.

branch block (BBB), left BBB, intraventricular conduction delay,

** High-risk subpopulations: specialized heart failure clinics, inpatient heart failure admissions, transcatheter aortic valve replacement,

Black patients.
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Given the morbidity and diminishing treatment benefit
associated with late-presenting disease, the goal of this
review is to highlight opportunities to facilitate the earlier
identification of CA, with a focus on ATTR-CM. The features,
evaluation, and approach to treatment of AL amyloidosis is
reviewed elsewhere, including a recent issue of this journal.>'

Thisreview setsout to (1) highlight patient characteristics
as well as multimodality imaging, electrocardiographic,
and biomarker findings that should lead to a heightened
clinical suspicion for ATTR-CM; (2) briefly touch on the
differential diagnosis and diagnostic workup of ATTR-
CM; (3) underscore the ongoing problem of missed or
late diagnosis in the context of expanding therapeutic
options for ATTR-CM; and (4) highlight opportunities for
earlier diagnosis of ATTR-CM, including tissue screening
during surgical procedures, noninvasive screening of
high-risk subpopulations, electronic health record (EHR)-
based strategies to bolster proactive diagnosis, and serial
evaluation of asymptomatic carriers of TTR gene variants.

PART I: DEVELOPING CLINICAL
SUSPICION FOR ATTR-CM

[tisimportant to recognize patient demographics, including
sex, race, and age in the context of the clinical picture.
Patients typically present with symptoms of heart failure
but also can present with symptoms of atrial fibrillation
and/or conduction disease.! A history of hypertension with
now normal blood pressure or requiring a decrease in the
medication dose is a potential clue to the diagnosis of
ATTR-CM."'7 The evaluation of a patient with heart failure,
arrhythmia, or conduction disease should begin with a
review of the echocardiogram (echo) and electrocardiogram
(ECG) in addition to a comprehensive history.

ECHOCARDIOGRAM

Increased wall thickness is a fundamental consequence
of the development of ATTR-CM. Given that the upper limit
of normal left ventricular (LV) wall thickness is 10 mm for
males and 9 mm for females, it has been traditionally stated
that a wall thickness of 2 12 mm in the absence of another
clear etiology, such as uncontrolled hypertension or aortic
stenosis, should prompt a suspicion for infiltrative heart
disease.'® Witteles et al. put forth a schema recommending
that CA be considered when a wall thickness of > 14 mm is
seen by echo. While this degree of wall thickening may be
more specific, this cutoff may be less sensitive for the earlier
diagnosis of ATTR-CM.” Of note, the average wall thickness at
diagnosis in most series and in the ATTR-ACT trial is 16 mm
to 18 mm, well beyond that of what we are trying to achieve
for earlier diagnosis.*>?° Furthermore, the presence of

29

hypertension and/or aortic stenosis in a thickened ventricle
does not exclude the coexistence of ATTR-CM. Other findings
on echo are a nondilated left ventricle, mitral and tricuspid
valve thickening, and biatrial dilatation.>?* Additionally,
while ATTR-CM is often considered a disease of heart failure
with preserved ejection fraction (HFpEF), recent data from
our institutional registry indicates that impaired LV function
is an overlooked phenotype in patients with both ATTRwt-
CM and ATTRv-CM. Nearly half of the patients presented
with impaired LVEF < 50%, with more than a quarter of them
presenting with HF with reduced EF (LVEF < 40%).” Finally,
leveraging the application of longitudinal strain imaging in
any patient with thickened LV walls can help differentiate
CA from other causes of myocardial thickening. Diminished
longitudinal strain with apical sparing is a pattern that is
well described in advanced CA.*

ELECTROCARDIOGRAM

The echo evaluation should always take place with the
concomitant review of the ECG. The discordance between
LV wall thickness and QRS voltage has been noted as a
finding to raise clinical suspicion of CA. Normal or even
increased voltage should not provide reassurance when
other concerning history, symptoms, imaging, or biomarker
findings are suggestive of CA.>?* Indeed, in a cohort of 400
patients with ATTR-CM, low voltage was found in only 33%.'¢
Atrial fibrillation is a common rhythm disorder in elderly
patients, but it has a very high prevalence in patients with
ATTR-CM, particularly wild type.” Therefore in an older patient
with atrial fibrillation and a thickened LV wall and/or other red
flags such as carpal tunnel syndrome, the index of suspicion
for ATTR-CM should be heightened.”’* Additionally, in the
right clinical context, conduction disease on ECG such as PR
prolongation, increased QRS duration with intraventricular
conduction delay, left or right bundle branch block, or prior
pacemaker are important clues to strengthen suspicion.?”

HISTORY AND SYMPTOMOLOGY

A thorough history is of paramount importance and
should include questions regarding noncardiac symptoms
or previous surgeries. Because ATTR amyloid deposits
in the soft tissues, ligaments, joints and tendons, a
comprehensive orthopedic history should be taken
(Figure 2).2 Several common clinical conditions, including
carpal tunnel syndrome, lumbar spinal stenosis, trigger
finger, and biceptendon rupture,are documented
extracardiac manifestations of ATTRwt-CA.?>3* Bilateral
carpal tunnel syndrome and lumbar spinal stenosis can
precede the cardiac diagnosis by several years. A recent
study found that bilateral carpal tunnel syndrome was
present in approximately 50% of individuals with ATTRwt-
CMinthe 5 to 7 years preceding the diagnosis.*
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Figure 2 Past medical/surgical history and symptoms that can serve as red flags to raise clinical suspicion for cardiac amyloidosis.

Additionally, asking questions pertaining to peripheral
and autonomic neuropathy symptoms (ie, erectile
dysfunction, orthostasis, numbness and/or weakness in
the distal extremities, and diarrhea) can signal systemic
amyloidosis and is more commonly seen in ATTRv-CM. A
comprehensive family history is of particular importance
due to the inherited forms of transthyretin amyloidosis.’

BIOMARKERS

Both serum troponin and natriuretic peptide levels are often
elevated in cases of clinically apparent CA.>?” Unfortunately,
by the time these biomarkers are substantially elevated,
the disease is typically more advanced.”'® An elevated
troponin in the absence of an acute coronary syndrome in
a patient with thickened LV walls can be a clue to CA.

CARDIAC MRI

Cardiac magnetic resonance imaging (CMR) is an
extremely helpful tool to aid in the diagnosis of CA by
helping to differentiate it from other causes of increased
LV wall thickness. There are characteristic imaging findings
regarding the pattern of late gadolinium enhancement
(LGE) often showing a more diffuse subendocardial
or transmural pattern as well as difficulty nulling the
myocardium.’*¢ Ultimately, neither a “negative” CMR in the
context of a high clinical suspicion nor a characteristic CMR
for CA obviates the need for confirmatory testing.

DIFFERENTIAL DIAGNOSIS AND PRE-TEST RISK
The differential diagnosis of ATTR-CM includes hypertensive
heart disease (particularly when combined with chronic

kidney disease), hypertrophic cardiomyopathy, Fabry’s
disease, and others. The combination of biochemical (hs-
cTnT), ECG (wide QRS), and structural (LV posterior wall
thickness) findings were highly predictive components of
a pre-test probability risk score for patients with suspected
ATTR-CM derived from a Japanese cohort undergoing *mTc-
PYP scintigraphy.*” Recently, a simple clinical risk score
including readily available demographic and echo data was
validated in a largely White group of HFpEF patients.*® The
implementation of pre-test risk scores has the potential to
guide clinicians with more limited clinical experience and
can be incorporated into EHR-based alerting. Once there
is clinical suspicion of CA, a comprehensive approach to
confirmatory testing should be undertaken.*®

PART II: DIAGNOSTIC WORKUP

The appropriate steps for the diagnostic workup of CA has
been well described, with published algorithms having in
common the crucial need to rule out AL amyloidosis with
simple laboratory testing and the pursuit of technetium-
based cardiac scintigraphy.'*® The appropriate tests to rule
out AL amyloidosis are a serum free light chain assay and
immunofixation of the serum and urine. The nuances of
cardiac scintigraphy and the optimal approach to accurate
imaging and incorporation of single photon emitted
computed tomography (SPECT), and preferably SPECT/CT
when available, are included in the American Society of
Nuclear Cardiology (ASNC) guidelines.***%“° It is important
to note that AL-CM can cause significant uptake on
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9mTc-PYP scan.*® False positives may occur due to blood
pool in the LV cavity as opposed to true myocardial uptake,
which needs to be differentiated by SPECT imaging. Finally,
endomyocardial biopsy should be pursued when there is
conflicting data to confirm amyloid deposits with accurate
typing by immunohistochemistry (only with experienced
pathologists) or mass spectrometry.

PART III: EXPANDING THERAPEUTICS
AND THE ONGOING PROBLEM OF LATE
DIAGNOSIS

A nuanced approach to earlier diagnosis of ATTR-CM is no
longer an academic exercise since therapeutic options
have expanded beyond cardiac and liver transplantation.
The clinical use of the transthyretin stabilizer (tafamidis),
the first ATTR-CM treatment approved by the United States
Food and Drug Administration (FDA), has proven benefits
with regard to mortality, hospitalization, and quality of life in
both ATTRwt-CM and ATTRv-CM.**“! Two TTR silencing drugs
that significantly reduce the production of TTR by the liver—
patisiran and inotersen—are FDA approved for the treatment
of neuropathy in ATTRy, with clinical trials of silencer therapy
in ATTR-CM either in progress or recently completed.“2*

The top-line announcement from APOLLO-B, a phase
3 double-blind placebo-controlled study examining the
impact of patisiran on the primary end point of change in
6-minute walk distance at 12 months, showed benefit in
patients with ATTR-CM. The full manuscript detailing the
results is not available at the time of this review. Additionally,
CRISPR-Cas9 in vivo gene editing for the treatment of
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TTR-related polyneuropathy has proven safe and effective
at reducing TTR protein concentrations through the
targeted knockout of the TTR gene with a single infusion of
NTLA-2001 in six patients with ATTRv.“* A trial in patients
with ATTR-CM is in the planning phases.

LATE PRESENTATION AND MISSED DIAGNOSIS
A longitudinal registry study from 2000 to 2017 catalogues
the substantial diagnostic delay, high use of inpatient
hospital services, and persistent diminishment of quality
of life in the period prior to confirmatory diagnosis of both
ATTRwt- and ATTRv-CM. Strikingly, the diagnosis of ATTRwt-
CM was delayed > 4 years after initial presentation of cardiac
disease in 42% of cases.® A staging system built on natriuretic
peptide and renal function thresholds developed by the
National Amyloidosis Center (NAC)—with stage I defined
as N-terminal pro-brain natriuretic peptide (NT-proBNP) <
3,000 pg/mL and estimated glomerular filtration rate (eGFR)
> 45 mL/min/1.73 m?, stage III defined as NT-proBNP>
3,000pg/mL and eGFR < 45 mL/min/1.73 m? and the
remainder of patients at stage II—has significant prognostic
value with divergent survival across the three stages.’
Contemporary data from a large referral center in the
post-tafamidis period suggests that NAC stagingis still highly
prognostic in patients on transthyretin stabilizers; however,
a large proportion of patients are still significantly advanced
in their disease presentation, with 56% of patients with
ATTR-CM being diagnosed with NAC stage II or III disease
(Figure 3).> Despite a rapid increase in the volume of cardiac
scintigraphy performed at amyloidosis centers, the median
time from symptom onset to diagnosis of ATTRwt-CM has
not changed in large registry studies.54%/

Early

Intermediate

Multimodality Diagnostic Tools (MRI, Echo, Nuclear, EKG
NTproBNP ¢ Troponin T * TTR levels * Novel Biomarkers

Late

L3 Cleveland Clinic ©2022

Figure 3 Representation of echocardiographic images (parasternal long-axis view) at different levels of wall thickness in transthyretin
amyloid cardiomyopathy. The ideal therapeutic window would be to identify these patients at the earliest stage possible with near normal
or mildly increased wall thickness before decline in quality of life, elevation in cardiac biomarkers, and overt cardiac manifestations

of disease.’ NAC: National Amyloidosis Center; MRI: magnetic resonance imaging; Echo: echocardiography; EKG: electrocardiogram;
NTproBNP: N-terminal-pro hormone brain natriuretic peptide; TTR: transthyretin
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Early diagnosis of ATTR-CM is paramount in preventing
undue morbidity and mortality from the continued
deposition of amyloid fibrils. The ATTR-ACT study showed
that patients with New York Heart Association (NYHA)
class I and II derived the most benefit of treatment when
compared with NYHA TII.*° Given that current therapeutics
do not address existing deposition, misdiagnosis and
delays result in potentially irreversible damage both in the
heart and systemically.>?’

PART IV: OPPORTUNITIES FOR
EARLIER IDENTIFICATION OF CARDIAC
AMYLOIDOSIS

TISSUE SCREENING

Because carpal tunnel syndrome and lumbar spinal
stenosis have been associated with amyloid deposition in
patients who later develop ATTR-CM, investigators have
sought to understand the yield of active ascertainment
strategies, which involves evaluating surgical pathology for
the presence of amyloid fibrils.”

CARPAL TUNNEL

In a prospective study of patients (males age > 50 yrs,
females age > 60 yrs) undergoing carpal tunnel release
surgery, Congo red staining of tenosynovial tissue detected
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amyloid deposits in 10.2% (10/98) of patients. After
evaluation of the 10 biopsy positive patients (7 ATTR,
2 AL, and 1 untyped), it was found that 2 patients (1 AL
and 1 ATTR) had cardiac involvement.”®*® One patient
with TTR amyloid deposits in the tenosynovium developed
asymptomatic subclinical ATTR-CM at 4-year follow-
up (Figure 4).%9 Currently, our institution is following the
screening protocol that was used in the aforementioned
study and has thus far found more than 100 tenosynovial
samples positive for amyloid (unpublished data) (Figure 5).
At the time of surgery, the yield for finding cardiac
involvement is low; however, recent data suggest that
longitudinal surveillance of these patients (particularly age
> 70 years) may have significant yield.*®

SPINAL STENOSIS

Although surgical pathologic data has been mixed, 324
patients in one study underwent surgery for spinal stenosis,
and 43 (13%) had ATTRwt in the ligamentum flavum, with
2 cases of confirmed cardiac involvement.*'>1>? In a recent
publication, 34% of patients undergoing spinal stenosis
surgery had amyloid deposition. Unfortunately, of those
with amyloid deposition, more than one-third could not
be accurately typed.”® Though sampling and analysis of
surgical tissue at the time of surgical procedures may be
a low-risk opportunity to identify patients who are at risk
for developing ATTR-CM, how to best define the surgical
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Figure & A case of early diagnosis and initiation of treatment in asymptomatic transthyretin (TTR) amyloid cardiomyopathy (ATTR-CM)
through proactive tissue screening. A 73-year-old White female underwent carpal tunnel release surgery; Congo red staining of removed
tenosynovial tissue was amyloid (+), typed as ATTR by mass spectrometry. TTR genetic testing revealed Ala 81Thr variant (+). At baseline,
echocardiography with strain, N-terminal pro-brain natriuretic peptide (NT-proBNP), and *™Tc-PYP scan showed no evidence of cardiac
amyloid. At 4-year follow-up (age 77), the patient remained asymptomatic, with minimal to no change on echo and NT-proBNP, but she
developed grade 3 diffuse uptake on *™Tc-PYP scan. After shared decision making, the patient was started on tafamidis.
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*Male age 2 50 years old
*Female age 2 60 years old
«Bilateral carpal tunnel symptoms

« Spinal stenosis
Biceps tendon rupture

« Atrial fibrillation or flutter
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*Pacemaker
»Congestive heart failure
*Family history of ATTR amyloidosis

Amyloidosis Algorithm for Biopsy During Carpal Tunnel Release

TWO characteristics from Tier 1
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Tenosynovial and/or TCL tissue biopsy with
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.
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Figure 5 Cleveland Clinic institutional algorithm for tenosynovial biopsy during carpal tunnel release surgery utilizing a two-tier approach
to select patients for prospective Congo red staining. If positive, further amyloid typing with mass spectrometry is performed and a referral

is made to an amyloid specialist.® TCL: transverse carpal ligament

screening cohort for the highest-risk patients, as well as
the optimal plan for surveillance of patients with amyloid
deposition, merits further investigation.

HIGH-RISK ELDERLY SUBPOPULATIONS

Other subpopulations considered at high pre-test risk
include outpatients and inpatients presenting with heart
failure and elderly patients referred for transcatheter aortic
valve replacement (TAVR).12135%

HEART FAILURE WITH PRESERVED EJECTION
FRACTION

One study prospectively screened consecutive patients
> 60 years old admitted with acute HFpEF and LV wall
thickness > 12 mm. Of the 120 patients, 16 (13.3%) had
cardiac scintigraphy (99mTc-DPD) consistent with CA, and
all were ATTRwt."* There was no significant difference in
the proportion of men and women who had ATTRwt-CM,
raising the possibility of ascertainment bias in registries
that have consistently shown a dramatic predominance of
males.>> Additionally, in patients presenting to a dedicated
HFpEF clinic, 14% of consecutive patients who underwent
endomyocardial biopsy were found to have CA."? Pathways
to identify and screen inpatients and ambulatory HF
patients with risk factors for ATTR-CM may be a high-yield
opportunity.

Lastly, given the heterogeneity of HFpEF, there is
mounting evidence that a significant proportion of amyloid
patients may have been inadvertently enrolled in prior
HFpEF clinical trials.® Some have proposed implementing
“red-flag” screening and evaluation prior to enrolling

patients in HFpEF trials to prevent off-target use of heart
failure therapeutics.””

TRANSCATHETER AORTIC VALVE REPLACEMENT
Severe calcific aortic stenosis (AS) represents an elderly
population for which targeted screening has had variable
but significant yield.”**¢ Patients referred for TAVR at three
international sites underwent cardiac scintigraphy and
11.8% (48/407) were scan positive. The authors developed
a clinical risk score utilizing LV remodeling (hypertrophy/
diastolic dysfunction), age, injury (high-sensitivity troponin
T), and electrical abnormalities (right bundle branch block/
low voltages) with reasonable sensitivity and specificity for
the diagnosis of AS with concomitant ATTR-CM.*

Another study found a slightly higher prevalence of ATTR-
CM (13%) in an older population referred for TAVR.>® Again,
patient characteristics including thicker LV walls, higher
NT-proBNP, and lower ECG voltage were present in a higher
proportion of patients with ATTR-CM compared with non-
ATTR-CM AS. Outcomes did not differ between groups in
the latter study over a median 19-month follow-up period.
Importantly, modified screening criteria will be needed as
the population referred for TAVR continues to evolve.

BLACK PATIENTS

Given the prevalence of the V122I variant (3% to 4%) in the
self-identified Black population in the United States, there
may be significant opportunity to proactively identify early
heart failure phenotypes through imaging, biomarker-
based, and genetic screening for ATTRv-CM.® In one study,
having the V1221 variant was associated with increased
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risk of incident heart failure, heart failure hospitalization,
and chronic myocardial injury manifested by elevation
in cardiac troponin compared with control patients.®
Community-based efforts aimed at earlier identification of
ATTRv-CM in Black patients is an area that merits further
exploration.®® Studies such as SCAN-MP (Screening for
Cardiac Amyloidosis Using Nuclear Imaging for Minority
Populations; NCT 03812172), a prospective cohort study
using bone scintigraphy recruiting Black and Hispanic
patients with heart failure, will aim to detect ATTR-CM in
Black patients regardless of genotype.®

ELECTRONIC HEALTH RECORDS-BASED
SCREENING COHORTS

Given the broad use of EHR, the ability to identify patients
with risk factors for ATTR-CM using diagnosis codes and
imaging reports has emerged as a powerful tool to reduce
the diagnostic inertia associated with ATTR-CM. In an
illustrative population-based study conducted through
an integrated EHR-derived cohort in the United States,
patients with a validated HF diagnosis, age > 60 years,
ejection fraction > 40%, and ventricular wall thickness > 12
mm were assessed for ATTR-CM.* In 1,235 patients without
screening outreach, 1.3% were diagnosed with ATTR-
CM. Meanwhile, in the proactive screening cohort of 286
patients who consented to cardiac scintigraphy, 6.3% were
diagnosed with ATTR-CM.® Importantly, EHR-facilitated
clinical suspicion for CA can expand the diagnostic pathway
beyond the tertiary referral center.

LEARNING ALGORITHMS
Machine learning may be additive to traditional EHR-based
cohorts, offering a novel approach to identifying patients
with high pre-test risk of ATTR-CM. A recent study from
Huda et al. used a large claims dataset to develop a cohort
of patients with heart failure with ATTR-CM and non-ATTR-
CM HF serving as the control population.® International
Classification of Diseases tenth revision codes were used
to train a random forest machine learning model, which
was validated with multiple external cohorts. Various
combinations of cardiac and noncardiac diagnoses that
demonstrated higher prevalence in ATTR-CM compared
with non-ATTR-CM controls were described. For example,
the combination of AF, joint disorders, and HFpEF was 29.7%
prevalent in ATTR-CM compared with 7.0% in non-amyloid
HF. The authors envision future studies that prospectively
validate their modeling by utilizing automated laboratory
testing, echocardiography (with global longitudinal strain),
and cardiac scintigraphy in patients at risk for ATTR-CM.®
Learning algorithms also may aid the expansion of
imaging-based surveillance beyond the formal clinic/
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hospital setting and enable earlier disease detection. There
is pilot data to suggest that imaging algorithms can enable
novices without experience in ultrasonography to obtain
basic diagnostic transthoracic echocardiographic images.
This could facilitate a future state wherein targeted
community-based screening could be scaled using
algorithmic image acquisition as well as interpretation.®¢’
Lastly, artificial intelligence (AI) may enhance our ability to
detect CA earlier through Al modeling that predicts early
disease, utilizing the combination of electrocardiographic
and echocardiographic data as inputs.®®

GENETIC TTR VARIANTS

Patient education, genetic counseling, and patient
advocacy could increase the identification of TTR variants
in the first-degree relatives of patients with known
disease. Furthermore, gene biobanks linked to EHR have
emerged as effective tools for the characterization of
rare genetic variants.”” EHR-linked biobanks have recently
been leveraged to track associations between the TTR
V1221 variant and heart failure as well as polyneuropathy
in patients with African or Hispanic/Latino ancestry.’?’”?
Given that serial imaging and biomarkers, particularly
in patients with a known TTR gene variant, can diagnose
presymptomatic disease, the use of EHR-linked biobanks
to better understand natural history and facilitate early
disease intervention has significant potential.*>7°

Once a patient with a TTR variant is identified, how
to surveil for phenotypic expression remains unclear.
However, it should be tailored to the specific variant’s
organ tropism and the age at which the proband developed
disease. Recommended baseline cardiac and neurologic
testing repeated at various intervals should be done in
consultation with amyloidosis experts.

Innovative work in determining whether circulating
non-native TTR levels (which are breakdown products
of the TTR tetramer) correlate with clinical status and
treatment response in patients with ATTRv amyloidosis
is currently underway and has shown promising
mechanistic potential.”> The Scripps Research Institute
has developed a peptide-based probe that specifically
labels and quantifies non-native TTR levels in the blood
(TTR oligomers). The elevation of these TTR oligomers
can suggest that the TTR misfolding process is active
and might predate the subclinical or clinical phenotypic
expression of ATTR amyloidosis. The “Monitoring of
Early Disease Progression in Hereditary Transthyretin
Amyloidosis” (MED-hATTR) Study is currently testing the
longitudinal monitoring of these non-native TTR levels
in asymptomatic carriers of TTR variants to predict the
development of early disease.”*
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Figure 6 Strategies and tools to detect asymptomatic transthyretin (TTR) amyloid cardiomyopathy (ATTR-CM) earlier in the disease course.
Patient and clinician engagement/education, tissue screening, biomarkers and gene biobanks, and analyses of clinical data derived

from the electronic health records, longitudinal registries, and clinical trials can be used to calibrate the optimal use of diagnostic tools

(ie, targeted questionnaires, electrocardiogram, echocardiography, cardiac magnetic resonance imaging, cardiac scintigraphy, cardiac
biomarkers). Over time, learning algorithms using machine learning and artificial intelligence may allow for the iterative improvement of
accurate diagnosis and enable patient identification and appropriate screening of patients at risk for ATTR-CM. EHR: electronic health record

PART V: CONCLUSIONS AND FUTURE
DIRECTIONS

Despite the rapid expansion of non-biopsy diagnostic
testing, contemporary patients still present with advanced
disease.®*’”> Therapy for ATTR-CM is most effective when
administered before significant symptoms of cardiac
dysfunction manifest; therefore, early identification of
affected individuals is paramount.” Commmunity engagement
and ensuring that a broad range of clinicians have working
knowledge of how to screen for ATTR-CMin everyday practice
will be an important step in moving disease identification
further upstream (Figure 6). However, reliance on the
appropriate and timely diagnosis by individual clinicians
may continue to underperform. Systems of care that
operationalize screening of high-risk subpopulations and
prospective validation of EHR-based approaches to ATTR-
CM identification are needed. The ideal yield of screening
efforts has yet to be determined, and further research may
elucidate the most practical and effective approaches. In
the meantime, maintaining a high index of suspicion and
having a low threshold for comprehensive screening for
ATTR-CM will best serve our patients.

KEY POINTS

» Contemporary patients with cardiac amyloidosis too
often present with advanced disease.

 Therapeutics for transthyretin cardiomyopathy (ATTR-CM)
are most effective when administered before significant
symptoms of cardiac dysfunction manifest, making early
identification of affected individuals essential.

» Targeted screening of special populations may facilitate
earlier diagnosis.

+ Systems of care that operationalize screening of high-
risk subpopulations and prospective validation of novel
approaches to ATTR-CM identification are needed.
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