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The Electrocardiogram as a Window into Atrial Pathology: Insights
from a Large Brazilian Cohort on Atrial Cardiomyopathy and Stroke
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Short Editorial related to the article: Atrial Cardiomyopathy Detected by Electrocardiogram: Association with Stroke in a Brazilian

Electronic Cohort

Stroke remains one of the foremost causes of death
and disability globally, with ischemic events accounting
for approximately 87% of cases. Despite exhaustive
etiological investigation, up to 25% of ischemic strokes
remain unexplained — the so-called cryptogenic stroke
— a designation that carries significant implications for
secondary prevention, given an average recurrence rate
of 3—6% per year."? Atrial fibrillation (AF) has long been
the dominant cardioembolic risk factor in this setting;
however, mounting evidence suggests that structural and
functional atrial abnormalities — collectively encompassed
by the concept of atrial cardiomyopathy (AC) — may drive
thromboembolic events through an independent pathway,
even in the absence of overt arrhythmia.? The 2024 updated
consensus statement from EHRA, HRS, APHRS, and LAHRS
consolidates a staging system for AC integrating biomarkers,
atrial geometry, and electrophysiological parameters, firmly
establishing AC as a pathological entity distinct from —
though intimately associated with — AFE# In this context, the
12-lead electrocardiogram (ECG) — simple, inexpensive,
and universally available — offers a practical approach to
AC detection through two established markers: prolonged
P-wave duration (>120 ms) and elevated P-wave terminal
force in lead V1 (PTFV1 >4,000 uV-ms). Prior studies from
the Cardiovascular Health Study (CHS), the Multi-Ethnic
Study of Atherosclerosis (MESA), and the Atherosclerosis
Risk in Communities (ARIC) cohort demonstrated that these
markers independently predict ischemic stroke;>7 yet their
relevance in Latin American populations, with a distinct
cardiovascular and sociodemographic profile, had remained
an important evidence gap.

In this issue of Arquivos Brasileiros de Cardiologia, the
study by Léu et al.® addresses this gap with notable rigour.
Drawing upon the CODE-BH dataset — a subset of the
Clinical Outcomes in Digital Electrocardiography (CODE)
cohort, one of the world’s largest annotated digital ECG
databases’ — the authors assembled a retrospective cohort
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of 245,588 patients aged =40 years in sinus rhythm, who
underwent ECGs in Belo Horizonte between 2006 and
2018. Electrocardiographic data were probabilistically linked
to the Brazilian Unified Health System (SUS) databases —
the Mortality Information System (SIM) and the Hospital
Information System (SIH) — enabling ascertainment of
stroke-related deaths and hospitalizations, cardiovascular
mortality, incident AF, and acute coronary syndrome over a
mean follow-up of 3.5 years. After incremental adjustment
for age, sex, cardiovascular risk factors, and left ventricular
hypertrophy, both prolonged P-wave duration (HR 1.24; 95%
Cl 1.12-1.36) and elevated PTFV1 (HR 1.20; 95% CI 1.05—
1.38) were independently associated with the composite
endpoint of stroke-related death or hospitalization.
Prolonged P-wave duration was further associated with
cardiovascular mortality and incident AF, whilst elevated
PTFV1 was linked to all-cause and cardiovascular mortality.

Several methodological strengths deserve recognition. The
sample size — the largest among comparable studies to date
— confers considerable statistical power, effectively offsetting
the relatively short mean follow-up. The CODE platform
has already yielded internationally influential contributions,
including pioneering work on deep neural network-based
ECG interpretation' and ECG-derived biological age as a
mortality predictor," positioning this cohort as a platform of
global scientific relevance. Adherence to STROBE reporting
guidelines further strengthens methodological transparency,
and the use of automated Glasgow ECG analysis ensures
reproducibility across the primary care settings from which
the cohort was drawn. Importantly, this study constitutes
the first investigation of ECG-based AC markers and adverse
cardiovascular outcomes in a Brazilian population, lending
it particular significance for regional cardiology practice.

As with all studies leveraging administrative health
databases, certain design characteristics also define
opportunities for future research. The use of ICD-10 codes
from SIM and SIH to identify stroke events — encompassing
ischemic, hemorrhagic, and unspecified cerebrovascular
diagnoses — reflects an inherent feature of large-scale
electronic cohort methodology, and opens a compelling
research avenue: future studies linking these ECG markers
to neuroimaging-confirmed stroke subtypes and validated
etiological classification systems, such as TOAST'? or the ESUS
criteria,* would allow investigators to determine whether the
association with AC is driven specifically by cardioembolic
events — as the biological plausibility of the hypothesis would
predict — and to quantify the relative contribution of AC to
each stroke mechanism. Similarly, the primary care setting
of the cohort, whilst limiting generalizability to higher-risk
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clinical populations, illustrates precisely how widely and
efficiently ECG-based AC screening could be deployed at a
population level. The underestimation of incident AF due to
single-timepoint ECG recordings highlights the potential of
continuous monitoring strategies — including implantable
loop recorders and Al-enhanced ambulatory ECG — to refine
risk stratification when combined with P-wave markers in
future prospective protocols.

The therapeutic landscape for AC-related stroke
prevention remains an active frontier. The ARCADIA trial,
which randomized patients with cryptogenic stroke and
evidence of atrial cardiopathy to apixaban versus aspirin,
did not demonstrate a significant reduction in recurrent
stroke with anticoagulation in the absence of documented
AF'™ underscoring that structural atrial markers alone
may be insufficient to guide anticoagulation decisions in
current practice, and that identification of specific high-risk
AC phenotypes remains a critical unmet need. A recent
systematic review and meta-analysis confirms that baseline
P-wave duration is significantly prolonged in cryptogenic
stroke survivors who subsequently develop AF, reinforcing

References

1. Palaniappan LP, Allen NB, Almarzooq ZI, Anderson CAM, Arora P,
Avery CL, et al. 2026 Heart Disease and Stroke Statistics: A Report of
US and Global Data from the American Heart Association. Circulation.
2026;153(9):€275-€906. doi: 10.1161/CIR.0000000000001412.

2. Saver JL. Cryptogenic Stroke. N Engl ] Med. 2016;375(11):e26. doi:
10.1056/NEJMc1609156.

3. Kamel H, Okin PM, Longstreth WT Jr, Elkind MS, Soliman EZ. Atrial
Cardiopathy: A Broadened Concept of Left Atrial Thromboembolism
Beyond Atrial Fibrillation. Future Cardiol. 2015;11(3):323-31. doi: 10.2217/
fca.15.22.

4. Goette A, Corradi D, Dobrev D, Aguinaga L, Cabrera JA, Chugh SS, et
al. Atrial Cardiomyopathy Revisited-Evolution of a Concept: A Clinical
Consensus Statement of the European Heart Rhythm Association (EHRA) of
the ESC, the Heart Rhythm Society (HRS), the Asian Pacific Heart Rhythm
Society (APHRS), and the Latin American Heart Rhythm Society (LAHRS).
Europace. 2024;26(9):euae204. doi: 10.1093/europace/euae204.

5. Kamel H, Bartz TM, Elkind MSV, Okin PM, Thacker EL, Patton KK,
et al. Atrial Cardiopathy and the Risk of Ischemic Stroke in the CHS
(Cardiovascular Health Study). Stroke. 2018;49(4):980-6. doi: 10.1161/
STROKEAHA.117.020059.

6. KamelH, Soliman EZ, Heckbert SR, Kronmal RA, Longstreth WT Jr, Nazarian
S, etal. P-Wave Morphology and the Risk of Incident Ischemic Stroke in the
Multi-Ethnic Study of Atherosclerosis. Stroke. 2014;45(9):2786-8. doi:
10.1161/STROKEAHA.114.006364.

7. Soliman EZ, Prineas RJ, Case LD, Zhang ZM, Goff DC Jr. Ethnic Distribution
of ECG Predictors of Atrial Fibrillation and Its Impact on Understanding
the Ethnic Distribution of Ischemic Stroke in the Atherosclerosis Risk in
Communities (ARIC) Study. Stroke. 2009;40(4):1204-11. doi: 10.1161/
STROKEAHA.108.534735.

8. Léu FA, Paixio GMM, Oliveira AC, Soares CPM, Gomes PR, Macfarlane P
etal. Atrial Cardiomyopathy Detected by Electrocardiogram: Association
with Stroke in a Brazilian Electronic Cohort. Arq Bras Cardiol. 2026;
123(3):€20250625. DOI: https://doi.org/10.36660/abc.20250625i.

the ECG as a practical triage tool for selecting patients who
may benefit from extended cardiac monitoring." The 2024
ESC Guidelines on AF, which introduced the patient-centered
AF-CARE framework, explicitly acknowledge the growing role
of atrial substrate assessment in stroke prevention, providing
a timely regulatory context within which the present findings
are particularly resonant.’®

In summary, the study® constitutes a meaningful
contribution to the evolving understanding of AC as an
independent risk factor for stroke and cardiovascular
mortality. Its findings substantiate the prognostic value
of widely available ECG parameters and reinforce the
hypothesis that atrial substrate disease may represent
a distinct, targetable pathway in cardioembolic stroke
prevention. The study also paves the way for future
prospective investigations capable of achieving the etiological
resolution and clinical granularity needed to translate these
associations into actionable prevention strategies — and
ultimately to reduce the burden of cryptogenic stroke in the
Brazilian and broader Latin American population.

9. Ribeiro ALP, Paixio GMM, Gomes PR, Ribeiro MH, Ribeiro AH, Canazart JA,
etal. Tele-Electrocardiography and Bigdata: The CODE (Clinical Outcomes
in Digital Electrocardiography) Study. ] Electrocardiol. 2019;575:575-8. doi:
10.1016/j.jelectrocard.2019.09.008.

10. Ribeiro AH, Ribeiro MH, Paixao GMM, Oliveira DM, Gomes PR, Canazart
JA, etal. Automatic Diagnosis of the 12-Lead ECG Using a Deep Neural
Network. Nat Commun. 2020;11(1):1760. doi: 10.1038/s41467-020-
15432-4.

11. Lima EM, Ribeiro AH, Paixdo GMM, Ribeiro MH, Pinto-Filho MM, Gomes
PR, et al. Deep Neural Network-Estimated Electrocardiographic Age as a
Mortality Predictor. Nat Commun. 2021;12(1):5117. doi: 10.1038/s41467-
021-25351-7.

12. Adams HP Jr, Bendixen BH, Kappelle L), Biller J, Love BB, Gordon DL, et
al. Classification of Subtype of Acute Ischemic Stroke. Definitions for Use
in a Multicenter Clinical Trial. TOAST. Trial of Org 10172 in Acute Stroke
Treatment. Stroke. 1993;24(1):35-41. doi: 10.1161/01.str.24.1.35.

13. Hart RG, Diener HC, Coutts SB, Easton D, Granger CB, O’'Donnell M}, et
al. Embolic Strokes of Undetermined Source: The Case for a New Clinical
Construct. Lancet Neurol. 2014;13(4):429-38. doi: 10.1016/S1474-
4422(13)70310-7.

14. Kamel H, Longstreth WT Jr, Tirschwell DL, Kronmal RA, Marshall RS,
Broderick P, etal. Apixaban to Prevent Recurrence after Cryptogenic Stroke
in Patients with Atrial Cardiopathy: The ARCADIA Randomized Clinical Trial.
JAMA. 2024;331(7):573-81. doi: 10.1001/jama.2023.27188.

15. Balweel H, Immanuel SS, Budiono J, Rinaldi FX, Sayogo Y, Tafriend NA,
et al. Newly Diagnosed Atrial Fibrillation Indicators in Cryptogenic Stroke
Survivors’ P-Wave Indices: A Systematic Review and Meta-Analysis. |
Arrhythm. 2025;41(5):70209. doi: 10.1002/joa3.70209.

16. van Gelder IC, Rienstra M, Bunting KV, Casado-Arroyo R, Caso V, Crijns
HJCM, etal. 2024 ESC Guidelines for the Management of Atrial Fibrillation
Developed in Collaboration with the European Association for Cardio-
Thoracic Surgery (EACTS). Eur Heart J. 2024;45(36):3314-414. doi:
10.1093/eurheartj/ehae176.

This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol. 2026; 123(3):e20260270


https://doi.org/10.36660/abc.20250625i
https://creativecommons.org/licenses/by/4.0/

