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Editor's Note
IMPORTANCE Transthyretin amyloid cardiomyopathy (ATTR-CM) is underdiagnosed despite

Supplemental content
expanding treatment options.

OBJECTIVE To develop and evaluate an artificial intelligence (Al)-augmented clinical program
for ATTR-CM detection.

DESIGN, SETTING, AND PARTICIPANTS This nonrandomized clinical trial involved constructing
an Al model, ATTRACTnet, using electrocardiogram waveforms, echocardiographic
measurements, demographics, and diagnosis codes for orthopedic manifestations of
amyloidosis. A single-system, multisite, single-arm, open-label trial was conducted to
evaluate its real-world performance. The model was trained and validated at a large academic
referral site for ATTR-CM with external validation at an academic site. The trial was conducted
as a single-system, multisite trial. Patients with left ventricular (LV) wall thickness 12 mm or
more and an ATTRACTnet score 0.5 or higher were eligible. Exclusions included prior
ATTR-CM testing, hypertrophic cardiomyopathy, expected life span less than 1year, nursing
home residence, advanced dementia, or LV wall thickness less than 14 mm explained by
uncontrolled hypertension or moderate/severe aortic stenosis.

INTERVENTION Eligible patients were notified and offered nuclear scintigraphy testing,
monoclonal protein testing, and follow-up care on agreement from the treating physician.

MAIN OUTCOMES AND MEASURE The primary outcome was a diagnosis of ATTR-CM by
consensus criteria. ATTR-CM testing positivity was compared with historical and
contemporary controls.

RESULTS ATTRACTnet was developed in an internal test set of 799 patients (mean [SD] age,
75.1[1.1] years; 516 [64.7%] male and 283 [35.3%] female) using 5-fold cross-validation with
an additional external test set of 422 patients. It had good discrimination for ATTR-CM
detection with an area under the receiver operator characteristic curve of 0.85 (5-fold
cross-validation, 0.77-0.85) in the internal set and 0.82 (95% Cl, .81-0.83) in the external test
set with similar performance in Hispanic, non-Hispanic Black, and non-Hispanic White
patients. A total of 1471 patients were identified with positive Al model scores 0.5 or more
during the study period, with 256 eligible patients who met study criteria. Of these patients,
50 underwent amyloidosis testing after physician and patient approval; 24 (48%) were
diagnosed with ATTR-CM, and 21 (88%) initiated treatment within 3 months. The positivity
rate was more than 2.8 times higher than historical controls (15.3%; 95% Cl, 13.1%-17.9%;

P <.001), with an 18% relative increase in new diagnoses vs the prior year.

CONCLUSIONS AND RELEVANCE Al-augmented screening may improve ATTR-CM detection
and identify patients who are missed by usual care. Prospective randomized trials are needed
to determine if outcomes are improved.
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ransthyretin amyloid cardiomyopathy (ATTR-CM) is a

progressive, infiltrative cardiomyopathy caused by ab-

normal cardiac deposition of misfolded transthyretin
(TTR), a protein produced primarily by the liver. ATTR-CM is
increasingly recognized as a common cause of heart failure.
In the United States, ATTR-CM disproportionately affects
Black and Hispanic patients, partially driven by a population-
specific 3% to 4% prevalence of the isoleucine-for-valine
substitution at position 142 (p.Vall42Ile) mutation in the TTR
gene, resulting in TTR tetramer instability and amyloid fibril
deposition.*' The initial signs and symptoms of ATTR-CM
are nonspecific, leading to underdiagnosis of early-stage
ATTR-CM.'®'7 This is particularly true in Black patients, who
are often diagnosed with more advanced phenotypes and ex-
perience worse outcomes than patients of other races and
ethnicities.”®

ATTR-CM is historically associated with high morbidity
and mortality, with a median survival of 3.5 years after diag-
nosis in the absence of treatment.'® However, treatment
options for ATTR-CM are rapidly expanding, with currently
approved treatments largely stabilizing rather than revers-
ing cardiac pathology.!®-2° As a result, early diagnosis of
ATTR-CM is crucial to delay disease progression and improve
outcomes.!19-20
While traditional risk scores and artificial intelligence (AI)

models to detect ATTR-CM have been built previously, none
of these prior works have prospectively assessed the impact
of Al-augmented diagnostic processes on improving the de-
tection of ATTR-CM in real-world settings.?!2® Therefore, the
aims of this study were to (1) develop and externally validate
an Al model (ATTRACTnet) to assess if there is benefit
above what is achieved by using a validated risk stratifica-
tion method (ATTR-CM score) and (2) prospectively evalu-
ate an Al-augmented workflow for ATTR-CM screening to
assess the impact of identifying undiagnosed ATTR-CM in a
diverse population (Cardiac Amyloidosis Discovery Trial)
(see 2 recent versions of the trial protocols in Supplement 1
and Supplement 2).

Methods

The Cardiac Amyloidosis Discovery Trial was the open-label,
single-arm trial, designed to test Al-augmented detection of
undiagnosed ATTR-CM; it was conducted across multiple sites.
This study was approved by the Columbia University institu-
tional research board (AAAT2010, AAAU1701) with Clinical-
Trials.gov registration (NCT06469372). Patients provided
informed consent on enrollment.

ML Model Development and Evaluation

for Incremental Benefit in Comparison

With ATTR-CM Risk Score Alone (Aim 1)

We identified all patients from 2010 to 2023 at New York-
Presbyterian Hospital (NYP) and Columbia University Irving
Medical Center who had an electrocardiogram (ECG) and trans-
thoracic echocardiogram (TTE) within 2 years before or 1 year
after amyloidosis scintigraphy using either 99mTc-
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Key Points

Question How well does an artificial intelligence (Al)-augmented
screening program detect transthyretin cardiac amyloidosis
(ATTR-CM)?

Findings In this nonrandomized clinical trial conducted at
multiple sites in a large health system, an Al model identified 1471
patients as positive for potential ATTR-CM, with 256 patients
meeting study criteria and eligible for trial inclusion. On physician
notification, 50 patients underwent further diagnostic testing, and
ATTR-CM was diagnosed in 24 (48%), with treatment initiated in
21 patients (88%).

Meaning Al-augmented clinical programs may identify
undiagnosed ATTR-CM and reduce diagnostic delays, but
prospective randomized trials are needed to determine if
outcomes are improved.

pyrophosphate (PYP) or 99mTc-hydroxymethylene diphos-
phonate (HMDP) scintigraphy, the most commonly used,
guideline-based, noninvasive imaging modality for ATTR-CM
(eTable 1in Supplement 3).242° For the purposes of this study,
the scan result was used as the label for ATTR-CM, with a posi-
tive test being considered diagnostic for ATTR-CM, while a
negative result ruled out ATTR-CM for the training dataset. We
extracted tabular features such as patient age, sex, ventricu-
lar rate, and ECG intervals such as the QRS duration from the
MUSE ECG system (GE Healthcare). The ECG waveforms were
abstracted and downsampled for all 12 leads to 250 Hz for a
total of 30 000 data points per ECG (12 leads x 10 seconds x
250 Hz). ECGs with ventricular pacing or artifact preventing
machine or physician interpretation were excluded (<2% of
ECGs). Echocardiographic data were abstracted from TTE re-
ports using Syngo Dynamics (Siemens Healthineers), which in-
cluded interventricular septal thickness, left ventricular pos-
terior wall thickness (LVPWT), LV end-diastolic dimension, and
LV ejection fraction. TTEs had to have all the above measure-
ments to be included. Codes from the International Classifi-
cation of Diseases, Ninth Revision, and International Statisti-
cal Classification of Diseases and Related Health Problems, Tenth
Revision, for carpal tunnel syndrome, degenerative joint dis-
ease, and lumbar spinal stenosis were used to identify the pres-
ence of these diseases documented within the past 2 years from
the electronic health record and disease presence or absence
was included as tabular data. Race and ethnicity data were ob-
tained from multiple clinical systems and combined into a
single race and ethnicity assignment using the following clas-
sification: Hispanic, non-Hispanic Black, non-Hispanic White,
and other or unknown.2%-2”

Statistical Analysis

An Al model, ATTRACTnet, was constructed with analysis of
the ECG waveform using serial residual blocks with a fusion
of tabular data, including demographics, TTE measure-
ments, and presence of carpal tunnel syndrome, degenera-
tive joint disease, or lumbar spinal stenosis at the end of the
model in the fully connected layer to yield a prediction of
whether a patient had ATTR-CM. Performance was assessed
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using 5-fold cross-validation for the area under the receiver
operator characteristic curve (AUROC) and area under the
precision-recall curve with determination of sensitivity, speci-
ficity, positive predictive value, and negative predictive value.
Patients were stratified to be included in only the train, vali-
dation, or test set to maintain strict separation of data and
prevent data leakage. Multiple ECG-echo pairs per single
patient were allowed in the training dataset for ATTRACTnet
as long as the examinations occurred 2 years prior to or 1 year
after amyloid scintigraphy. Model performance was evaluated
using both all eligible ECG-echo pairs per patient as well as a
single pair per patient. When a single pair per patient was
used, it consisted of the echocardiogram closest in time to the
PYP scan, and the latest ECG by date before that echocardio-
gram. Further information is provided in the eMethods in
Supplement 3. Model accuracy was also separately computed
for Hispanic, non-Hispanic Black, and non-Hispanic White
patients. Model performance was further assessed in an out-
side dataset of patients who underwent amyloid scintigraphy
at NYP/Weill Cornell Medical Center (WCMC) from 2014 to
2023 who had an ECG and TTE between 2 years before amy-
loid scintigraphy and 1 year after amyloid scintigraphy. To
support further research, a repository related to the model is
available on GitHub.?®

Prospective Evaluation of Al-Augmented
Screening for ATTR-CM (Aim 2)
We conducted the Cardiac Amyloidosis Discovery Trial, an
open-label, single-arm trial designed to test Al-augmented
detection of undiagnosed ATTR-CM across multiple sites. Pa-
tients 50 years and older with an ECG and TTE within 2 years
with LV wall thickness 12 mm or greater (or 214 mm in the set-
ting of uncontrolled hypertension or moderate or severe aor-
tic stenosis) who had an Almodel score of at least 0.5 were eli-
gible for inclusion. Exclusion criteria included prior ATTR-CM
testing, nursing facility residence, dementia, expected life span
less than 1 year, or a diagnosis of hypertrophic cardiomyo-
pathy. These study criteria were chosen to ensure that a diag-
nosis of ATTR-CM could be made noninvasively according to
multisociety guidelines,?* acknowledging that aortic steno-
sisand hypertension can coexist with cardiac amyloidosis. Pa-
tients who had no mention of suspected cardiac amyloidosis
in clinical notes and no orders for amyloidosis testing were con-
sidered for enrollment. As part of this study, echocardio-
grams were re-reviewed by study investigators to ensure that
patients met study criteria. Patients with wall thickness on re-
measurement that did not meet criteria were excluded from
the study. The study was planned to enroll up to 100 patients
with interim analyses to guide future deployment efforts.
The treating primary care physician or cardiologist for pa-
tientsidentified by the model was contacted for approval (eFig-
ure 1in Supplement 3). Clinicians were contacted through in-
basket and direct messaging through the electronic health
record. Follow-up messages were sent to clinicians who did not
respond within 1 week. Once approved, eligible patients were
offered 99mTc-PYP or 99mTc-HMDP cardiac amyloidosis scin-
tigraphy and monoclonal protein testing either in the Colum-
bia research setting or local clinical settings at the discretion
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of the treating clinician (eFigure 2 in Supplement 3). Testing
in the Columbia research setting was paid for by study funds
and interpreted by study investigators. Local clinical testing
was billed to insurance and interpreted by local cardiologists
with confirmation of results by study investigators.

Statistical Analysis

The primary outcome was an ATTR-CM diagnosis deter-
mined by consensus criteria.?-?” Every patient with possible
cardiac uptake on planar imaging underwent single-photon
emission computed tomography (SPECT) imaging to evalu-
ate for myocardial uptake. The presence or absence of myo-
cardial uptake on SPECT imaging was used as diagnostic cri-
teria for ATTR-CM. The percentage of patients diagnosed with
ATTR-CM in the study population was compared with that of
historical and contemporary controls using x? testing. Confi-
dence intervals for the positive predictive value in the trial
population and control arms were determined using Wilson
binomial 95% confidence intervals. Historical controls in-
clude all patients evaluated by amyloid scintigraphy across the
same sites for ATTR-CM in the 12 months preceding the start
of the trial from May 2023 to May 2024 (n = 887), while con-
temporary controls include all patients evaluated by amyloid
scintigraphy through routine clinical care during the same time
period as the trial from May 2024 to May 2025 (n = 854).

In addition to the primary analysis using a historical con-
trol population of all patients who underwent amyloid scin-
tigraphy, we also identified a subset of those historical and con-
temporary control patients who met the same criteria as those
recruited in the trial, including a TTE in our system within prior
2 years meeting LV wall thickness criteria. The rate of cardiac
amyloid scintigraphy positivity in this subset was compared
with the trial population in an exploratory analysis. We re-
port our findings using a confusion matrix, and report sensi-
tivity, specificity, positive predictive value, and negative pre-
dictive value. Statistical analysis was performed in Stata version
17.0 (StataCorps) and Python version 3.70 (Python Software
Foundation).

The investigators conducted interim analyses through-
out the study period, consistent with its pilot design. This in-
cluded formal statistical analyses at recruitment of 25 and 50
patients. In light of (1) the high positivity rate of patients re-
cruited into the trial, (2) the substantial difference between
positivity rates in the trial and control populations, (3) and un-
likelihood that recruitment to 100 patients would meaning-
fully affect the study results, particularly in the context of the
limitations of its single-arm design, the decision was made to
report these interim results.

. |
Results

Derivation, Validation, and Testing of ATTRACTnet

and Assessment of Benefit in Excess of Other Risk
Stratification (Aim 1)

To develop and test ATTRACTnet, we included 799 patients
with 22344 ECG and TTE pairings completed within 2 years
of amyloid scintigraphy between 2010-2023 (eFigure 3A in
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Figure 1. Area Under the Receiver Operator Characteristic Curve (AUROC) Curves for Artificial Intelligence Model
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Supplement 3). The mean (SD) age was 75.1 (11.1) years; 516
(64.7%) were male and 283 (35.3%) were female. Amyloid scin-
tigraphy was positive for ATTR-CM in 12.8% of ECG-TTE pairs
and 20.7% of patients. Using 5-fold cross-validation, the data-
set was shuffled and split into 5 training/testing splits. The ex-
ternal test set from NYP/WCMC included 422 patients with
12387 ECG-TTE pairs (17.0% of ECG-TTE pairs and 22.7% of pa-
tients positive for ATTR-CM) (eFigure 3B in Supplement 3).
Demographic and clinical characteristics for ECG-TTE pairs
in the test/validation and external validation cohorts are sum-
marized in eTable 2 in Supplement 3. Per-patient characteris-
tics for the test/validation cohort are detailed in eTable 3 in
Supplement 3. Model accuracy for 5-fold cross-validation and
external test set is shown in Figure 1. We proceeded with split
2 model weights for external testing. The model cutpoint was
selected to maximize positive predictive value to facilitate ef-
ficient opportunistic testing in the subsequent trial given the
cost and radiation exposure of ATTR-CM testing. At a thresh-
old of 0.5, performance metrics evaluated using the latest ECG
per patient in the internal holdout set were as follows: sensi-
tivity of 0.56, specificity of 0.92, negative predictive value of
0.84, and positive predictive value of 0.74. The difference in
AUROC between each racial and ethnic subgroup was com-
pared (eTable 4 in Supplement 3) and showed no evidence of
difference between groups. The model had an AUROC of 0.82
(95% CI, 0.81-0.83) in the external test set (Figure 1), and per-
formance metrics are detailed in eFigure 4 in Supplement 3.
To understand how many patients across the system could
have elevated risk for ATTR-CM and how this list could be nar-
rowed by an Al assessment, we applied the ATTR-CM?! score
to the 93 570 patients from 2010 to 2023 who did not have amy-
loid scintigraphy but did have an ECG and TTE, of whom 14 585
(15.6%) were older than 50 years with LVPWT of at least 12 mm.
Of this subgroup, the ATTR-CM score identified 9892 pa-
tients (67.8%) as having elevated risk for ATTR-CM, acknowl-
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Figure 2. Cardiac Amyloidosis Discovery Trial Flow Diagram

1471 Patients with Al model risk score 20.5

1215 Excluded
710 Cancer or other life-limiting disease
—> 252 Prior diagnosis or testing for amyloidosis
235 Dementia or nursing home residence
18 Death

‘ 256 Patients potentially meeting study criteria

206 Excluded
72 Patients declined
45 Physician did not respond
—> 31 Physician declined
25 Unable to reach patient
17 Pending recruitment at interim analysis
16 Deceased

50 Final study cohort of patients undergoing
cardiac amyloidosis testing

Al indicates artificial intelligence.

edging that not all of these patients would have clinical diag-
noses of heart failure. In the same time frame, only 1515 patients
were tested for ATTR-CM in routine clinical care. Of those 9892
patients at elevated risk by ATTR-CM score, 1196 (12.1%) had
an ATTRACTnet score of 0.5 or more.

Cardiac Amyloidosis Discovery Initial Trial Results (Aim 2)

From May 2024 to May 2025, 256 patients 50 years and older
met eligibility criteria (Figure 2). The physicians of these pa-
tients were contacted: for 180 patients (70.3%), testing was phy-
sician approved; for 45 (17.6%), there was no physician re-
sponse; and for 31 (12.1%), the physician declined to test. Of
these 180 physician-approved patients, 72 patients (40.0%) de-
clined testing, 25 (13.9%) were unable to be reached, and 16
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Table. Patient Characteristics at 8 Sites From 2023 to 2025

Trial population, No. (%) Historical controls, No. (%) Contemporary controls, No. (%)

ATTR-CM ATTR-CM ATTR-CM ATTR-CM ATTR-CM ATTR-CM
positive negative Total positive negative Total positive negative Total
(n=24) (n =26) (n =50) (n=136) (n=751) (n=887) (n=145) (n =709) (n = 854)
Age, mean (SD), y 85 (7) 76 (10) 80 (10) 82 (9) 74 (12) 75(12) 79 (9) 74 (11) 75(11)
Sex
Male 15 (62) 17 (65) 32 (64) 95 (70) 427 (57) 522 (59) 100 (69) 375(53) 475 (56)
Female 9(38) 9(35) 18 (36) 41 (30) 324 (43) 365(41) 45(31) 334 (47) 379 (44)
Race and ethnicity?®
Hispanic 4(17) 6(23) 10 (20) 13 (10) 93(12) 106 (12) 9(6) 80(11) 89 (10)
Non-Hispanic Black 8(33) 6(23) 22 (44) 42 (31) 254 (34) 296 (33) 54 (37) 269 (38) 323 (38)
Non-Hispanic White 10 (42) 6(23) 16 (32) 57 (42) 287 (38) 344 (39) 57(39) 256 (36) 313 (37)
Other or unknown 2 (8) 0 2 (4) 24 (18) 117 (16) 141 (16) 25(17) 104 (15) 129 (15)
Patients witha TTE 24 (100) 26 (100) 50(100) 108 (79) 652 (87) 760(86) 122(84) 623 (88) 745 (87)
Maximum LV wall 17 (2) 17 (3) 17 (3) 16 (4) 13 (3) 14 (3) 16 (4) 13 (3) 14 (4)
thickness, mean (SD), mm
LVEDD, mean (SD), mm 43 (7) 46 (8) 45 (7) 46 (7) 50 (8) 50 (8) 46 (7) 50 (8) 49 (8)
LVEF, mean (SD), % 56 (10) 60 (9) 58 (10) 53(13) 56 (13) 55(13) 54 (13) 56 (13) 55 (13)
Patients with an ECG 24 (100) 26 (100) 50 (100) 123 (90) 622 (83) 745(84) 127 (88) 597 (84) 724 (85)
LVH 6 (25) 15 (58) 21(42) 44 (36) 256 (41) 300 (40) 48(38) 276 (46) 324 (45)
Low voltage 6 (25) 2(8) 8(16) 25(20) 86 (14) 111(15) 20(16) 82 (14) 102 (14)
Orthopedic manifestations
Carpal tunnel syndrome 4 (17) 3(12) 7 (14) 26 (19) 51(7) 77 (9) 23 (16) 56 (8) 79 (9)
g_egenerativejoint 4(17) 2(8) 6(12) 15 (11) 72 (10) 87 (10) 5(3) 58 (8) 63 (7)
isease
Spinal stenosis 5(21) 2(8) 7 (14) 14 (10) 59 (8) 73 (8) 9 (6) 61(9) 70 (8)

Abbreviations: ATTR-CM, transthyretin cardiac amyloidosis;

ECG, electrocardiogram; LV, left ventricular; LVEDD, LV end-diastolic dimension;
LVEF, LV ejection fraction; LVH, LV hypertrophy; TTE, transthoracic
echocardiogram.

@ Race and ethnicity data were obtained from multiple clinical systems and
combined into a single race and ethnicity assignment using Hispanic,
non-Hispanic Black, non-Hispanic White, and other or unknown.

(8.9%) patients died before outreach and scheduling of
ATTR-CM testing, yielding 67 patients (37.2%). At the time of
analysis, 50 patients had undergone cardiac amyloid testing
(19in the Columbia research setting and 31in local clinical set-
tings) (eFigure 5in Supplement 3). A total of 24 patients (48.0%;
95% CI, 34.8%-61.5%) tested positive for ATTR-CM. A single
patient in a local setting did not undergo monoclonal protein
testing after shared decision-making regarding treatment op-
tions; the remainder were not found to have AL-CM (Table and
Figure 3). All patients diagnosed with ATTR-CM received re-
ferrals to heart failure specialists, and 21 of the diagnosed pa-
tients (88%) were prescribed ATTR-CM therapy within 3
months of diagnosis.

The performance of the Al-augmented clinical program
was significantly higher than routine clinical care in the prior
12 months (historical control), during which time the percent-
age of positive diagnoses within all PYP scans conducted was
15.3% (95% CI, 13.1%-17.9%; P < .001). The trial positivity rate
was also significantly higher than that observed in the con-
temporary control population who underwent testing
between May 2024 and May 2025 (17.0%; 95% CI, 14.6%-
19.6%; P < .001) (Table). There was no significant difference
between the rate of positive tests in the historical and con-
temporary control groups.

jamacardiology.com

We assessed when ATTRACTnet would have identified
patients as high risk based on evaluating all older ECGs and
TTEs. When the algorithm was applied to all prior ECGs and
TTEs meeting trial criteria, patients who were diagnosed
with ATTR-CM through the trial had their first positive risk
score a median of 345 days (IQR, 891 days) before study
enrollment. Combined rates of diagnosis in Hispanic and
non-Hispanic Black patients were numerically higher than
historical and contemporary controls, with 12 of positive
patients (50.0%) in the trial being from 1 of these 2 groups,
compared with 55 (40.4%) of the positive patients in the
historical control.

In the historic control population, we identified a subset
of 449 patients who met the same LV wall thickness inclusion
criteria as the intervention population (of the 887 original his-
toric controls). Of these patients, 89 (19.8%) were found to have
ATTR-CM compared with 136 (15.3%) of the entire historic con-
trol population. In the contemporary control population, we
identified 480 patients who met these criteria (of the 854 origi-
nal contemporary controls). Of these patients, 102 (21.3%) were
found to have ATTR-CM compared with 145 (17.0%) of the en-
tire contemporary control population. These positivity rates
remained significantly lower than patients enrolled in the trial
(24/50 [48%]; P < .001). The sensitivity of the model in pa-
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Figure 3. Cardiac Amyloidosis Discovery Trial Results
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The artificial intelligence-augmented program yielded a 48% positivity rate
(95% Cl, 34.8%-61.5%). This rate of positive transthyretin cardiac amyloidosis
diagnoses among patients referred for nuclear scintigraphy using ATTRACTnet
was more than 2.8 times higher than both historical controls (15.3%;

95% Cl, 13.1%-17.9%; P < .001) and contemporary controls (17.0%; 95% Cl,
14.6%-19.6%; P < .001).

tients who underwent amyloid scintigraphy was 0.72 and speci-
ficity was 0.78 (eFigure 6 in Supplement 3).

|
Discussion

Using contemporary data at a large, urban referral center for ATTR-
CM serving a diverse population, we developed, validated, and
prospectively deployed an Almodel, ATTRACTnet, to augment
the detection of ATTR-CM. In a single-arm, single-system, mul-
tisite clinical trial, ATTRACTnet successfully identified high-risk
patients not previously diagnosed by routine care. This system
was prospectively found to detect ATTR-CM in 48% of the tested
population, of whom 88% were prescribed ATTR-CM therapy
within 3 months of diagnosis. Among those tested, the positiv-
ity rate was more than 2.8 times higher than historical controls,
resulting in an 18% relative increase in systemwide diagnoses
compared with the previous year.

Machine learning models have been previously devel-
oped to augment the diagnostic process for ATTR-CM. Huda
etal?? used medical claims data to develop a random forest ML
model to predict wild-type ATTR-CM, and many groups have
successfully developed ECG and TTE models to predict
cardiac amyloidosis.?°-3> However, these studies have not
undergone prospective deployment and evaluation of AI-
augmented workflows.

Given limitations in current risk scoring models, more
specific tools are needed to identify high-risk patients with a
sufficient positive predictive value to warrant ATTR-CM test-
ing. In our population, the ATTR-CM score identified 9892 pa-
tients as potentially at risk for cardiac amyloidosis, underscor-
ing the practical challenges of implementing existing risk scores
within capacity-constrained clinical settings. Of those 9892 pa-
tients, 1196 (12.1%) had an ATTRACTnet score of 0.5 or more,
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suggesting that this algorithm could be useful in identifying pa-
tients most likely to benefit from testing. To support wide-
spread use of this model and serve as an accelerant for future
research, we are making available code related to development
for public use.

The open-label, single-arm trial assessed if our AI-
augmented workflow could allow for improved identifica-
tion of undetected ATTR-CM. The detection program to iden-
tify undiagnosed ATTR-CM successfully found patients with
an ATTR-CM diagnosis at a rate significantly higher than his-
torical and contemporary controls. Importantly, identified pa-
tients were not otherwise being considered for ATTR-CM within
current clinical care, and if the algorithm had been in effect,
these patients could have been identified an average of 345 days
sooner. Of patients diagnosed, 88% went on to start ATTR-CM
treatment within 3 months of diagnosis. Finally, this pro-
gram was effective in identifying ATTR-CM in Hispanic and
non-Hispanic Black patients.

Al models have had widespread success in disease dis-
crimination in retrospective datasets, but there have been lim-
ited rigorous studies of their utility to improve disease diag-
nosis. The challenges of deployment of Almodels into clinical
care include (1) a lower prevalence of disease in unselected
populations, (2) the creation of systems capable of delivering
close to real-time, actionable Al results, and (3) staffing re-
quirements for clinical outreach. The challenges of Al model
deployment are largely not about the Al technology itself, but
rather around implementing new systems and programs into
routine clinical care.

Itis important to note that only 50 patients ultimately un-
derwent amyloid scintigraphy, in large part because of real-
world challenges in implementation. Of the 256 patients who
met full study criteria, many did not proceed to testing be-
cause their physicians did not respond to outreach, or the pa-
tients themselves declined or could not be contacted. These
operational drop-offs reflect barriers in deploying novel screen-
ing tools within clinical practice. The diagnostic yield of 48%
among those tested illustrates the model’s capacity to iden-
tify true cases, even when applied in a pilot study. Given the
success in this pilot study with high diagnostic yield over his-
torical controls while accounting for the limitations of this un-
controlled trial, the decision was made to report these find-
ings to both highlight challenges with clinical AI deployment
and support the design of a definitive controlled study.

Limitations

This study should be interpreted within the context of several
limitations. First, ATTR-CM has historically been underdiag-
nosed, which can challenge the development of ML models given
small training datasets. This current study assembled one of the
largest datasets, which improves model accuracy, but larger data-
sets would likely improve model performance. Of note, there was
a drop in specificity in the historical external test set. It is pos-
sible this was caused by including scintigraphy data from the ear-
liest years of testing, when practice patterns may have signifi-
cantly differed, butitis unclear. This drop in specificity was not
seen in prospective cohorts at the same external site or any of
the 6 other external sites not included in training. Second, our
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trial was performed in a single 8-hospital system, which may limit
generalizability, and was a single-arm design with a relatively
small number of enrolled patients. However, none of the pa-
tients enrolled in the study had been suspected of cardiac
amyloidosis, which suggests the value of Al-augmented clini-
cal pathways for this disease. Third, in the prospective trial,
we selected a model threshold that prioritized specificity and
positive predictive value, given the importance of building
clinician and patient trust and the need to manage resource-
intensive testing. This choice yielded a sensitivity of 0.56,
which we acknowledge limits the ability to capture all pos-
sible cases. Our goal was to help increase identification of
missed cases, not to replace current diagnostic approaches for
ATTR-CM. Future studies will be needed to confirm efficacy
across broader populations. Fourth, the high rate of positivity
was in part due to the enriched nature of the study popula-
tion, where all patients tested had increased LV wall thick-
ness. When these same restriction criteria were applied to the
historic and contemporary controls, the trial population rate

Original Investigation Research

of positivity was 2.4 times and 2.2 times higher, respectively,
compared with 2.8 times higher without restriction.

. |
Conclusions

An Al-augmented diagnostic program using ATTRACTnet, a
machine learning model, may lead to additional ATTR-CM
diagnoses. By integrating the model into clinical workflows
across multiple sites, we identified high-risk patients who
were not previously being evaluated for ATTR-CM. The posi-
tive test rate was more than 2.8 compared with historical and
contemporary controls, with a meaningful increase in newly
diagnosed cases and substantial representation of underdiag-
nosed racial and ethnic groups. These findings support the
potential of AI-driven screening to close critical diagnostic
gaps in ATTR-CM and may aid in the design of future real-
world testing of the implementation of Al-based diagnostic
programs.
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