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CA — cardiac amyloidosis

Al —artificia intelligence

A4C — apical 4-chamber

AUC — areaunder the receiver operator characteristic curve
ATTR —transthyretin amyloidosis

LV —left ventricular

IV Sd — diastalic interventricular septal wall thickness
LVPWd —diastolic left ventricular posterior wall thickness
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Abstract

The approval of nove disease-modifying treatments for cardiac amyloidosis (CA) offers an
avenue to stabilize disease progression. Timely diagnosis of CA isimperative so that patients can
be connected to treatment earlier in their course. Echocardiography isawidely available, non-
invasive modality to screen for CA. However, diagnosis of CA is often delayed dueto
phenotypic mimickers. Artificial intelligence (Al) applied to echocardiography may facilitate
early detection and connect patients to more definitive diagnostic testing. In this case report, we
analyzed the frequency of echocardiography prior to clinical diagnosis of amyloidosis and
deployed an externally validated Al model in 349 patients with documented amyloidosis at
Cedars-Sinai Medical Center. On average, Al detection was positive in patients with documented
CA 218 days prior to clinical diagnosis and 209 days in all-comers. When integrated with
clinical histories, Al may facilitate earlier detection of CA and connect patients to more timely

management.
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Introduction

Cardiac amyloidosis (CA) causes contractile dysfunction through gradual deposition of
amyloid fibrils within myocardium. However, diagnosis is often delayed given phenotypic
mimickers'. The approval of novel disease-modifying treatments offers an avenue to stabilize
disease progression, with greater clinical impact earlier in the course®®. Timely detection is
imperative to connect patients to disease-specific management. Echocardiography is the most
common form of cardiac imaging. Artificial intelligence (Al) applied to echocardiography may
improve precision diagnostics of CA by differentiating it from mimickers®. In this report, we
evaluated the frequency of echocardiography prior to clinical diagnosis and investigated whether
avalidated Al model can facilitate early detection of CA*.
Methods

Using ICD 9/10 codes and manual chart review, we identified patients with a clinical
diagnosis of amyloidosis, with and without cardiac involvement, who received care at Cedars-
Sina Medical Hospital (CSMC) between 2006-2024. We evaluated the incidence of
echocardiography imaging prior to clinical diagnosis. Echocardiography studies prior to clinical
diagnosis were evaluated with an externally validated, open-source Al model that predicts the
probability of cardiac amyloidosis’. There was no overlap between the patients in the model
development cohort at Stanford Healthcare and our externa validation cohort at CSMC. This
study was approved by the institutional review board at CSMC.
Results

A total of 396 patients (99 [25.0%)] female; age 72.2 [SD 10.4] years) were identified to
have a clinical diagnosis of amyloidosis a8 CSMC during this time, of which 304 (76.8%)

patients (80 [26.3%] female; mean [SD] age 73.8 [10.2] years) had echocardiography studies
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prior to initial diagnosis. The median time between echocardiography and initial diagnosis was
131 days. 186 (61.2%) patients had AL amyloidosis, 95 (31.3%) had transthyretin amyloidosis
(ATTR), 10 (3.3%) had non-cardiac organ-limited amyloidosis, 6 (2.0%) had AA amyloidosis, 6
(2.0%) had dialysis-related amyloidosis, and 1 (0.3%) had ALECT2 amyloid. Of these 304
patients, 221 (72.7%) (43 [19.5%)] female; mean [SD] age 75.3 [10.0]) were recognized to have
cardiac involvement, with 124 (56.1%) having AL amyloidosis, 94 (42.5%) with ATTR, and 3
(1.4%) with dialysis-related amyloidosis. Patients with echocardiography before diagnosis were
more likely to be older (one-sided t-test p-value < 0.001) than those without. There was no
difference in the proportion of Black (p = 0.19), Asian (p = 0.37), or Hispanic (p = 0.65) patients.
Of the 304 all-comers, 233 (76.6%) patients had at least 2 serial echocardiography studies; 175
(79.2%) of the 221 patients with CA had at least 2 studies.

Only 7.7% of the prior studies had possible amyloidosis listed as an indication for
imaging, with the most common indications for heart failure (20.2%), valvular disease (17.7%),
atrial fibrillation (11.3%), dyspnea (10.8%), chest pain (9.2%), pericardial disease (8.7%),
cardiomyopathy (8.4%), coronary artery disease (6.9%), pre-transplant evaluation (5.5%), and
other (6.8%). Patients diagnosed with CA had similar indexed end-systolic volume (19.5 vs 19.7
mL/m? p = 0.90) and indexed end-diastolic volume (42.9 vs 39.7, p = 0.19), but decreased
LVEF (57.3% vs 54.1%, p = 0.01), increased IVSd (1.13 vs. 1.52 cm, p < 0.001) and increased
LVPWd (1.12 vs. 1.44 cm, p < 0.001) compared to patients without documented cardiac
involvement.

Al detection scores were positive in 90 (40.7%) CA patients prior to clinical diagnosis
and positive in 100 (32.9%) all-comer amyloidosis patients (Figure 1). Of the all-comers with

early Al detection, 61 (61.0%) patients had AL amyloidosis, 35 (35.0%) had ATTR, 3 (3%) had
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dialysis-related amyloid, and 1 (1.0%) had AA amyloidosis. Within the CA cohort with early Al
detection, 53 (58.9%) had AL amyloidosis, 34 (37.8%) had ATTR, and 3 (3.3%) had dialysis-
related amyloidosis. In the cohort of patients with clinically diagnosed CA, 22 (31.4 %) patients
were identified by Al at least 1 year prior to clinical diagnosis and 30 (31.9%) 6 months prior
from imaging alone. In all-comers, 25 (22.3%) patients were identified 1 year prior to clinical
diagnosis and 34 (23.3%) 6 months prior. Overall, Al prediction was positive with a mean of 273
days before clinical diagnosis of CA and 260 days before diagnosis in all-comers (Figure 1).
Echocardiography 3 to 6 months prior to clinical diagnosis demarcated an inflection point in
model sensitivity, with the proportion of positive cases similar to that within one month of
diagnosis.
Discussion

Patients often have echocardiography performed prior to clinical diagnosis of CA, with
the initial study often having signs of CA. Our analysis demonstrated that before clinical
diagnosis, echocardiography was performed more commonly to evaluate patients for heart failure
or vavular disease than amyloidosis. Using Al re-review of historical echocardiography, Al
frequently suspected CA six months to one year before clinical diagnosis. Model performance
was even higher in patients diagnosed with cardiac involvement. When integrated with patient
histories, Al can potentially facilitate earlier identification of CA, which can in turn connect

patients earlier to disease-specific treatment and improve their long-term prognoses.
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Figure 1. Percent of echocardiography studies that were detected as positive cases by Al-cardiac
amyloidosis scores based on time relative to clinical diagnosisin patients diagnosed with a)

cardiac amyloidosis and b) amyloidosis; time intervals prior to diagnosis are bolded.
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