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Background: Atrial cardiopathy (AC) has been proposed as a potential embolic mechanism in embolic
stroke of undetermined source (ESUS); however, the distribution of AC biomarkers across ischemic
stroke subtypes remains unclear.

Methods: We retrospectively analyzed 533 consecutive patients with acute ischemic stroke. Stroke sub-
types were classified as small-vessel occlusion (SVO), branch atheromatous disease (BAD), large-artery
atherosclerosis (LAA), ESUS, or cardioembolism (CE). AC was defined according to ARCADIA trial cri-
teria as the presence of at least one of the following: P-wave terminal force in lead V1 (PTFV1) >5,000
pV + ms, N-terminal pro-brain natriuretic peptide (NT-proBNP) >250 pg/mL, or left atrial diameter in-
dex (LADI) 23 cm/m’. We evaluated the prevalence and overlap of these biomarkers across subtypes.
Results: AC biomarkers were significantly more frequent in CE than in other subtypes. Using 2>1
biomarker, AC prevalence was 43% in SVO, 49% in BAD, 53% in LAA, 54% in ESUS, and 97% in CE.
With >2 biomarkers, prevalence decreased to 8%, 7%, 13%, 19%, and 78%, respectively. NT-proBNP ele-
vation was the most common biomarker across all groups. Left atrial enlargement was rare in non-CE
subtypes (~5%) and showed no overlap with PTFV1 in SVO, BAD, or LAA.

Conclusions: While AC defined by ARCADIA criteria is highly prevalent in CE, it is also widely ob-
served across other stroke subtypes. Refinement of AC definitions, including stricter thresholds and/or
biomarker combinations, may better identify atrial dysfunction with causal relevance to stroke.

(J Nippon Med Sch 2026; 93 (5): 394-401. https://doi.org/10.1272 /jnms.JNMS.2026_93-513)
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Introduction
Ischemic stroke is classified into several etiological sub-
types, including small-vessel occlusion (SVO), large-
artery atherosclerosis (LAA), and cardioembolic stroke
(CE)'. Among these, CE is typically associated with atrial
fibrillation (AF) and other cardiac disorders that serve as
embolic sources.

In recent years, the concept of atrial cardiopathy (AC)

has emerged as a potential mechanism of thromboem-
bolism independent of atrial fibrillation®. Structural, elec-
trical, and functional abnormalities of the atrium may
promote thrombus formation and increase the risk of
ischemic stroke’. A number of biomarkers have been pro-
posed to identify AC, including elevated N-terminal pro-
B-type natriuretic peptide (NT-proBNP), abnormal P-

wave terminal force in lead V1 (PTFV1), and enlargement
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of the left atrium”*. These markers are thought to reflect
atrial remodeling and hemodynamic stress that may con-
tribute to thromboembolic events™. Previous studies
have suggested that AC may be involved in the patho-
genesis of embolic stroke, particularly in patients with
cryptogenic stroke or embolic stroke of undetermined
source (ESUS)**".

However, the clinical significance of AC in terms of
treatment strategies remains uncertain. The Atrial Cardi-
opathy and Antithrombotic Drugs in Prevention After
Cryptogenic Stroke (ARCADIA) trial failed to demon-
strate the superiority of apixaban over aspirin in patients
with ESUS and AC, raising questions regarding the speci-
ficity and clinical relevance of currently used AC criteria’.

Therefore, the present study aimed to investigate the
prevalence of AC biomarkers across ischemic stroke sub-
types, including SVO, branch atheromatous disease
(BAD), LAA, ESUS, and CE in order to better clarify the
distribution and potential clinical implications of AC

biomarkers in patients with acute ischemic stroke.

Materials and Methods

Study Population and Setting

In this hospital-based cross-sectional analytic study, we
retrospectively reviewed clinical data of patients admit-
ted to Saitama Medical University International Medical
Center with acute ischemic stroke (AIS) between June
2023 and May 2024. AIS was defined as presentation
within 7 days of the onset of symptoms. Data were ob-
tained from electronic medical charts and summaries. We
collected demographic and clinical patient characteristics
including age, sex, body weight, body mass index, un-
derlying risk factors for stroke (history of hypertension,
diabetes mellitus, dyslipidemia, AF, current smoking,
prior stroke, coronary artery disease, and congestive
heart failure), electrocardiogram and echocardiographic
findings, laboratory data on admission (NT-proBNP lev-
els), and use of antithrombotic (antiplatelet and/or anti-
coagulant) agents before the index stroke. AF included
paroxysmal, persistent, and permanent AF, which was
either previously known or diagnosed during index hos-
pitalization.

Etiologic subtypes of ischemic stroke were classified
according to the TOAST (Trial of Org 10,172 in Acute
Stroke Treatment) criteria'. From the patients with other
determined etiology, we selected those with BAD based
on the following criteria: (1) a single, isolated deep in-
farct; (2) infarctions visible on >3 axial magnetic reso-

nance imaging (MRI) slices (slice thickness, 5 mm) within
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the deep perforator territories (e.g. the lenticulostriate ar-
tery) or extending from the basal surface of the pons
within the paramedian pontine artery territory; (3) the
absence of LAA and no evidence of CE™. Unlike SVO re-
sulting from lipohyalinotic degeneration, BAD was attrib-
uted to atherosclerosis".

From the patients with undetermined etiology, we se-
lected those who met the diagnostic criteria for ESUS: (1)
detection of a non-lacunar infarct on brain computed to-
mography/MRI; (2) exclusion of >50% atherosclerotic
stenosis proximal to the infarct with any imaging modal-
ity; (3) exclusion of a major-risk cardioembolic source
with echocardiography and cardiac monitoring for >24 h;

and (4) no other specific causes”.

Atrial Cardiopathy Assessment

The biomarkers of AC, including a 12-lead electrocardio-
gram and NT-proBNP levels, were routinely assessed
within 24h of admission. Transthoracic echocardiography
was performed within 1 week of admission, and left
atrial diameter index (LADI) and left ventricular ejection
fraction (LVEF) were also assessed. We manually calcu-
lated PTFV1 on electrocardiogram traces by multiplying
the duration (ms) of the terminal negative component of
P-wave by its amplitude (uV) in lead V1. For patients
with AF, the PTFV1 could not be calculated and was con-
sidered to be >5,000 uV * ms. Left atrium size was calcu-
lated as the maximal antero-posterior diameter of the left
atrium in systole on B-mode transthoracic echocardio-
gram. AC was defined according to criteria used in the
ARCADIA trial as the presence of one or more of the fol-
lowing: PTFV1 > 5,000 uV - ms, serum NT-proBNP > 250
pg/mL, or LADI > 3 cm/m’ . The prevalence and over-

lap of AC biomarkers were compared across stroke sub-

types.

Statistical Analysis

Continuous variables are presented as means (standard
deviation). Categorical variables are expressed as fre-
quencies with proportions. One-way analysis of variance
for continuous variables and the Pearson ¥’ test or
Fisher’s exact test, as appropriate, for categorical vari-
ables were used to compare differences among the five
patient groups (patients with SVO, BAD, LAA, ESUS,
and CE). For each variable, post-hoc Bonferroni correc-
tion was applied only when the global comparison
yielded a p-value < 0.05. All statistical analyses were per-
formed with EZR (Saitama Medical Center, Jichi Medical

University, Saitama, Japan), a graphical user interface for
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Inpatients with acute ischemic stroke

Figure 1 Flow chart of study population

N=566
Other etiology Undetermined etiology
n=81 n=119
Excluded
N Excluded N n=24
n=9 (two or more causes: 23
(dissection 7, CAA 1, [LAA+NVAF 16, CAT+NVAF 2,
severe anemia 1) others 5],
no likely etiology 1)
SVO LAA CE BAD ESUS
n=84| n=91| | n=191| | n=72 n=95

SVO: small-vessel occlusion, BAD: branch atheromatous disease, LAA: large artery atherosclerosis, ESUS:

embolic stroke of undetermined source, CE: cardioembolism, CAA: cerebral amyloid angiopathy, CAT:

cancer-associated thrombosis, NVAF: non-valvular atrial fibrillation.

R (The R Foundation for Statistical Computing, Vienna,
Austria)®”. Statistical significance was set at p<0.05 in the
global comparison and at p<0.005 in the post-hoc analy-

sis.

Ethical Approval

This retrospective study was conducted in accordance
with the principles of the Declaration of Helsinki and
was approved by the Institutional Review Board of Sai-
tama Medical University International Medical Center
(approval number: 2024-043). Patients were not required
to give informed consent to participate in the study be-
cause the analysis used anonymized clinical data that
were obtained after each patient had provided written
consent for treatment. Furthermore, we applied an opt-
out method to obtain consent for this study through an
announcement on our hospital website. The announce-

ment was approved by the institutional review board.

Results
Of the 566 inpatients diagnosed with AIS during the
study period, 33 patients with undetermined etiology
who did not meet the ESUS criteria, multiple potential
causes, or etiology other than SVO, BAD, LAA, ESUS, or
CE were excluded. Thus, 533 patients were included in
the study (mean age 75.3 years, 41% women). The pa-
tient population included 84 (16%) patients with SVO, 91
(17%) patients with LAA, and 191 (36%) patients with
CE, based on TOAST classification. The remaining 201
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patients had other or undetermined etiology, including
72 (13%) patients with BAD and 95 (18%) patients with
ESUS (Figure 1).

The background characteristics of the five patient
groups are shown in Table 1. The patient age and preva-
lence of hypertension, diabetes, dyslipidemia, atrial fibril-
lation, current smoking, coronary artery disease, conges-
tive heart failure, and oral anticoagulant administration
were different across groups, while those of prior stroke
and antiplatelet drug administration were similar among
groups. Underlying conditions associated with CE in-
cluded AF (n=177), akinetic/hypokinetic left ventricular
segment (n=9), dilated cardiomyopathy (n=2), mechanical
prosthetic valve (n=2), and recent myocardial infarction
(n=1).

All three AC biomarkers were significantly higher in
the CE group than in the other stroke subtypes (Figure
2). Although 177 of the 191 patients in the CE group had
a history of AF, PTFV1 could only be measured directly
in the 52 patients who were in sinus rhythm at the time
of electrocardiography. Although not statistically signifi-
cant, the mean NT-proBNP levels tended to be higher in
the ESUS group than in the SVO, BAD, and LAA groups.
LVEF also differed among stroke subtypes and was sig-
nificantly lower in the CE group than in the other sub-
types (Figure 2).

As shown in Figure 3, the prevalence of AC varied
among the groups: SVO 43%, BAD 49%, LAA 53%, ESUS
54%, and CE 97%. Among the 186 CE patients with AC,

J Nippon Med Sch 2026; 93 (5)
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Table 1 Background characteristics of patients

ESUS CE Global  *Significant
n=9 n=191 p-value Pairwise p-value

SVO BAD LAA
Characteristics n=_84 n=72 n=91
Age, years
Female sex, n (%) 32 (38) 31 (43) 33 (36)
Body weight (kg)
BMI (kg/m?2)
Risk factors
Hypertension, n (%) 65 (77) 52 (72) 69 (76)
Diabetes mellitus, n (%) 25 (30) 16 (22) 43 (47)
Dyslipidemia, n (%) 44 (52) 39 (54) 53 (58)
Atrial fibrillation, n (%) 0(0) 0(0) 0(0)
Current smoking, n (%) 13 (15) 11 (15) 18 (20)
Prior stroke, n (%) 23 (27) 14 (19) 17 (19)
Coronary artery disease, n (%) 5 (6) 2(3) 6(7)
Congestive heart failure, n (%) 0 (0) 1(1) 6 (7)
Antithrombotic drug
Antiplatelet drugs, n (%) 22 (26) 14 (19) 21 (23)
Anticoagulant drugs, n (%) 1(1) 1(1) 1(1)
DOAC, n (%) 1(1) 1(1) 1(1)
Warfarin, n (%) 0(0) 0(0) 0(0)

734+94 742+112 744+99 711+154 80.7+93 <0.001

SVO vs. CE: <0.001

BAD vs. CE: <0.001
LAA vs. CE: <0.001
ESUS vs. CE: <0.001
44 (46) 78 (41) 0.667 NA

578 +£10.5 602+123 619+139 582+11.6 59.0+12.0 0.140 NA
225+30 234+40 236+40 226+36 230x36 0218 NA

61 (64) 157(82)  0.019
15 (16) 44 (23) <0.001

ESUS vs. CE: 0.001
LAA vs. ESUS: <0.001
LAA vs. CE: <0.001
BAD vs. LAA: 0.001

48 (51) 73 (38) 0.011  LAA vs. CE: 0.002

0 (0) 177(93)  <0.001  SVO vs. CE: <0.001
BAD vs. CE: <0.001
LAA vs. CE: <0.001
ESUS vs. CE: <0.001

10 (11) 4(2) <0.001 SVO vs. CE: <0.001

BAD vs. CE: <0.001
LAA vs. CE: <0.001
ESUS vs. CE: 0.003

23 (24) 46 (24) 0.630 NA

3(3) 23 (12) 0.024 NS

4 (4) 48 (25) <0.001 SVOvs. CE: <0.001
BAD vs. CE: <0.001
LAA vs. CE: 0.004
ESUS vs. CE: <0.001

22 (23) 43 (23) 0906  NA

3(3) 58 (30) <0.001 SVOvs. CE: <0.001
3(3) 46 (24) <0.001 BAD vs. CE: <0.001
LAA vs. CE: <0.001
ESUS vs. CE: <0.001
0 (0) 12 (6) <0.001 NS

* For each variable, post-hoc Bonferroni correction was applied only when the global comparison yielded a p-value <0.05. A p-val-

ue <0.005 was considered statistically significant in the post-hoc analysis.

SVO: small-vessel occlusion, BAD: branch atheromatous disease, LAA: large artery atherosclerosis, CE: cardioembolism, BMI:

body mass index, DOAC: direct oral anticoagulant, NA: not analyzed.

only eight fulfilled the AC criteria solely because PTFV1
was considered positive in the presence of AF without
meeting either of the other biomarker criteria. Using a di-
agnostic threshold of at least two positive criteria, the
prevalence of AC in the different patient groups was
SVO 8%, BAD 7%, LAA 13%, ESUS 19%, and CE 78%. In
both analyses, the prevalence of AC was significantly
higher in CE than in the other stroke subtypes, with no
statistically significant differences among the non-CE
subtypes.

Finally, the overlap in AC biomarker positivity across

stroke subtypes is shown in Figure 4. NT-proBNP eleva-

J Nippon Med Sch 2026; 93 (5)

tion was the most frequently positive biomarker across
all subtypes, followed by PTFV1 and LADI. There was
more overlap of positive criteria in the ESUS and CE
groups than in the SVO and BAD groups. LADI was ob-
served in only 5% of non-CE subtypes (6% in SVO, 3% in
BAD, 2% in LAA, and 9% in ESUS) compared with CE
(27%; p<0.001), and did not overlap with PTEFV1 in SVO,
BAD, or LAA subtypes.

Discussion

This study comprehensively evaluated the prevalence of

three biomarkers of AC across different ischemic stroke
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Figure 2 Comparison of atrial cardiopathy biomarkers and left ventricular

ejection fraction across stroke subtypes

*Bonferroni correction showed that atrial cardiopathy biomarkers were signifi-
cantly higher, whereas left ventricular ejection fraction was significantly lower,

in the CE group than in the other groups.

xmean value

PTFV1: P-wave terminal force in lead V1, NT-proBNP: N-terminal pro-brain na-
triuretic peptide, LADL: left atrial diameter index, LVEF: left ventricular ejection
fraction, SVO: small-vessel occlusion, BAD: branch atheromatous disease, LAA:
large artery atherosclerosis, ESUS: embolic stroke of undetermined source, CE:

cardioembolism.

subtypes. The principal finding was that AC biomarkers
were markedly more prevalent in patients with CE,
whereas no significant differences were observed among
the four non-CE stroke subtypes (SVO, BAD, LAA, and
ESUS). These results suggest that AC, as defined by the
current ARCADIA criteria, is not specific to ESUS but is
widely distributed across ischemic stroke subtypes other
than CE.
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AC has been proposed as an important mechanism un-
derlying ESUS, and previous studies have suggested that
AC is more frequent in ESUS than in non-cardioembolic
stroke. Jalini et al.” reported that AC was significantly
more common in ESUS patients than in those with SVO
or LAA. The prevalence estimates vary substantially
across studies depending on the diagnostic thresholds

and the number of biomarkers used. According to the
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Figure 3 The prevalence of atrial cardiopathy and the number of positive diagnostic criteria across
stroke subtypes

The prevalence of atrial cardiopathy varied among patient groups: SVO (43%), BAD (49%), LAA (53%),
ESUS (54%), and CE (97%). Using a diagnostic threshold of at least two positive criteria, the prevalence of
AC in the different patient groups was SVO 8%, BAD 7%, LAA 13%, ESUS 19%, and CE 78%. In both
analyses, the prevalence of AC was significantly higher in the CE group than in the other stroke subtypes,
as confirmed by Bonferroni-corrected comparisons (p<0.005).

SVO: small-vessel occlusion, BAD: branch atheromatous disease, LAA: large artery atherosclerosis, ESUS:
embolic stroke of undetermined source, CE: cardioembolism.

SVO (n=84) BAD (n=72) LAA (n=91)
LADI (n=5) ADI (n=2) LADI (n=2)

Q

PTFV1 (n=13) PTFV1 (n=17) 1 (n=21)
NT-proBNP (n=25) NT-proBNP (n=21) NT-proBNP (n=37)
ESUS (n=95) CE (n=191)
LADI (n=9) LADI (n=52)
N @ PTFV1
PTFV1/(n=22)
( PTFV1/(n=155)

NT-proBNP (n=40) NT-proBNP (n=173)

Figure 4 Opverlap in atrial cardiopathy biomarker positivity across stroke subtypes

There was greater overlap of positive biomarkers in the ESUS and CE groups than in the SVO and
BAD groups. The LADI criterion did not overlap with PTFV1 in SVO, BAD, or LAA subtypes.
ARCADIA: The Atrial Cardiopathy and Antithrombotic Drugs in Prevention After Cryptogenic
Stroke, PTFV1: P-wave terminal force in lead V1, NT-proBNP: N-terminal pro-brain natriuretic
peptide, LADI: left atrial diameter index, SVO: small-vessel occlusion, BAD: branch atheromatous
disease, LAA: large artery atherosclerosis, ESUS: embolic stroke of undetermined source, CE: car-
dioembolism.
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ARCADIA criteria, we observed an unexpectedly high
prevalence of AC in non-CE subtypes. This may reflect
shared systemic vascular and inflammatory remodeling
pathways that contribute to both atherosclerosis and

atrial dysfunction'>"

. Alternatively, it raises the possibility
that some strokes classified as non-CE subtypes may
have an unrecognized atrial or cardioembolic component.
However, these findings also suggest that evaluating in-
dividual AC components and their combinations may
help better identify patients in whom atrial pathology
plays a causal role in stroke.

Although PTFV1 was assumed to be positive in pa-
tients with AF, this approach had only a limited impact
on our findings. The high prevalence of AC in the CE
group was primarily driven by the coexistence of multi-
ple biomarkers rather than by the assumed positivity of
PTFV1.

Our study showed that NT-proBNP >250 pg/mL was
the most frequent diagnostic criterion for identifying AC.
In the Warfarin Aspirin Recurrent Stroke Study, this
threshold was associated with a twofold increased risk of
recurrent stroke, whereas higher cutoffs (>750 pg/mL)
identified patients who benefited more from anticoagula-
tion”. Similarly, Kneihsl et al.” reported that NT-proBNP
levels below 505 pg/mL were associated with negative
findings on extended cardiac monitoring. Taken together,
these findings suggest that higher NT-proBNP thresholds
may improve specificity by reducing overclassification re-
lated to non-atrial comorbid conditions. Because NT-
proBNP may be influenced by cardiac function, we addi-
tionally evaluated LVEF, which was significantly lower in
the CE group (Figure 2). This finding is consistent with
the greater burden of underlying cardiac disease in CE
patients and should be considered when interpreting NT-
proBNP levels.

Left atrial enlargement is a key marker of AC and is
thought to reflect more advanced atrial remodeling, often
coexisting with AF”. However, its prevalence was low in
our cohort, consistent with the findings of the ARCADIA
trial’. In the ESUS and CE groups, LADI frequently over-
lapped with other biomarkers, whereas in the SVO, BAD,
and LAA groups, it showed no overlap with PTFV1. The
former pattern may reflect LADI as a late marker of AC,
potentially indicating AF or a pre-AF state. In contrast,
the latter may represent a dissociation between structural
and electrical remodeling, suggesting limited relevance to
embolic stroke mechanisms.

Our findings may help explain the neutral results of
the ARCADIA trial, in which apixaban did not reduce re-
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current stroke compared with aspirin in patients with
cryptogenic stroke and AC’. One possible explanation is
that current AC criteria identify a heterogeneous popula-
tion in which atrial dysfunction is not the primary stroke
mechanism. If AC biomarkers are widely present across
stroke subtypes unrelated to CE, anticoagulation based
solely on these markers may fail to identify patients who
would benefit. These findings highlight the need to refine
current AC definitions. More specific criteria—such as
stricter biomarker thresholds, combinations of markers,
or incorporation of structural and functional atrial pa-
rameters—may better distinguish causal atrial pathology
from nonspecific cardiovascular abnormalities.

This study has several limitations. First, it is a single-
center retrospective study and is therefore subject to se-
lection bias. Second, most patients were Japanese, which
may limit the generalizability of our findings. Third, we
did not perform long-term cardiac rhythm monitoring;
therefore, subclinical AF may have been missed. Finally,
NT-proBNP levels may be influenced by the acute phase
of ischemic stroke. However, previous studies have
shown that NT-proBNP measured within the first 72
hours after stroke onset retains reasonable diagnostic ac-
curacy for identifying CE mechanisms®. Therefore, al-
though acute-phase elevation cannot be completely ex-
cluded, the observed distribution of NT-proBNP across
stroke subtypes likely reflects underlying cardiovascular
conditions rather than solely an acute stress response.

In conclusion, AC defined by the ARCADIA criteria
was highly prevalent in patients with CE but was simi-
larly distributed across non-CE stroke subtypes, includ-
ing SVO, BAD, LAA, and ESUS. These findings suggest
that the current AC criteria may lack etiologic specificity
for embolic stroke mechanisms. Refinement of AC defini-
tions will be necessary to better identify patients in

whom atrial dysfunction plays a causal role in stroke.
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