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Abstract

Introduction: Whether atrial cardiopathy is associated with stroke prognosis remains unclear. We evaluated the
association between atrial cardiopathy markers and outcomes in patients with ischemic stroke using a nationwide
prospective registry.

Patients and methods: Based on the Third China National Stroke Registry, we evaluated different atrial cardiopathy
markers including increased P-wave terminal force in VI (PTFVI), advanced interatrial block (alAB), prolonged P-wave
duration, prolonged P-wave dispersion, paroxysmal supraventricular tachycardia, premature atrial contractions,
prolonged PR interval, and severe left atrial enlargement in ischemic stroke patients. The outcomes were death and
ischemic stroke recurrence at | year. The association between atrial cardiopathy markers and outcomes was analyzed
using Cox regression models.

Results: At |-year follow-up, 486 (3.4%) patients had died and 1317 (9.3%) patients had experienced ischemic stroke
recurrence. After adjustment for clinical risk factors including atrial fibrillation, PTFV| > 5000 uV-ms (adjusted hazard
ratio [HR] 1.70, 95% confidence interval [CI]: 1.18-2.45, p=0.004) and alAB (adjusted HR 1.47, 95% CI: 1.14-1.91,
p=0.003) were significantly associated with mortality. PTFV| > 5000 uV-ms was significantly associated with ischemic
stroke recurrence (adjusted HR 1.54, 95% CI: 1.22-1.96, p=0.0004). This association was observed although we
excluded patients diagnosed with atrial fibrillation.

Discussion and Conclusion: Atrial cardiopathy markers, especially PTFV | and alAB, are significantly associated with
a higher risk of poor prognosis in patients with ischemic stroke.
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large cohorts. Therefore, this study was conducted in a
nationwide registry to explore the predictive value of atrial
cardiopathy markers for prognosis in patients with ischemic
stroke.

Methods

Study design

The Third China National Stroke Registry (CNSR-III) is a
nationwide prospective registry for patients with ischemic
stroke or transient ischemic attack (TTA) between August
2015 and March 2018. The study recruited consecutive
15,166 patients visiting 201 participating hospitals in 22
provinces and 4 municipalities in China. The patients were
>18-year-old and encountered ischemic stroke or TIA
within 7days after onset of symptoms. CNSR-III was
approved by the Ethics Committee of Beijing Tiantan
Hospital (institutional review board approval number:
KY2015-001-01) and all participating hospitals. Informed
consent was obtained from all patients or their legally
authorized representatives. The details of CNSR-III have
been published previously.'°

Atrial cardiopathy markers

A standard 12-lead ECG was recorded for each patient at a
speed of 25mm/s and a calibration of 10mm/mV at the
time of admission. All ECGs were digitalized. ECG image
was amplified by up to five times its original size. P-wave
indices were measured using digital calipers by a well-
trained cardiologist who was blinded to the clinical data of
patients. All measurements were repeated three times, and
the average values were obtained. P-wave duration was
measured from P-wave onset to return to baseline. For
biphasic P wave, P-wave duration encompassed both posi-
tive and negative deflections from baseline. P-wave dura-
tion was measured in all 12 leads to acquire the maximum
and minimum durations. P-wave dispersion was defined as
the difference between the maximum and minimum P-wave
durations. alAB was identified as the presence of prolonged
P-wave duration and biphasic (positive negative) morphol-
ogy in leads II, III, and aVF or biphasic (positive negative)
morphology in leads III and aVF and notched P (positive
positive) in lead 11> PTFV1 was defined as the duration
(ms) of the downward deflection (terminal portion) of P
wave in lead V1 multiplied by the absolute value of its
amplitude (V). PR interval was defined as the interval
from the onset of P wave to the end of PR segment (junction
with the QRS complex). Previous studies have shown
excellent intrarater correlations for manual measurements
of P-wave morphology."' A second well-trained cardiolo-
gist independently performed blinded measurements of a
random sample of 200 ECGs to assess the interrater relia-
bility of P-wave indices measurements. The interrater

intraclass correlation coefficient (ICC) was 0.67 (95% CI
0.59-0.74) for maximum P-wave duration, 0.73 (95% CI
0.65-0.79) for P-wave dispersion, and 0.78 (95% CI 0.67—
0.85) for PTFVI.

Atrial cardiopathy markers were defined according to
the previous studies. Prolonged P-wave duration was deter-
mined as being present if the maximum P-wave duration
was >120ms.* Prolonged P-wave dispersion was defined
as >40ms."? Increased PTFV1 was defined as >5000
uV-ms."3 Prolonged PR interval was defined as >200ms.'4
LA enlargement was measured as anterior-posterior linear
LA diameter (mm) on a baseline 2D echocardiogram
(UCG), with severe enlargement defined using sex-specific
cut-offs (=47mm for women and =52mm for men)."
Atrial ectopy and paroxysmal supraventricular tachycardia
were measured on the baseline 24-h Holter. Excessive atrial
ectopy was defined as a frequency of atrial premature beats
per hour of >30.8

Outcomes and follow-up

In this study, the outcomes included all-cause mortality and
ischemic stroke recurrence at 1 year. Patients were followed
up at 3months, 6 months, and 1year after onset. Patients
were interviewed face-to-face at 3 months and contacted
over the telephone by trained research coordinators at
6months and 1year. Confirmation of cerebrovascular
events were sought from the treating hospital, and sus-
pected recurrent cerebrovascular events without hospitali-
zation were judged by independent endpoint judgment
committee. Each case fatality was either confirmed on a
death certificate from the attended hospital or the local citi-
zen registry. Details of the determination of outcome events
have been published in previous study.'®

Statistical analysis

Continuous variables were presented as means with stand-
ard deviations or medians with interquartile ranges.
Statistical comparisons were performed with one-way anal-
ysis of variance or the Kruskal-Wallis test. Categorical vari-
ables were presented as frequencies with percentages and
were compared by y? test. The risks of outcomes were eval-
uated by Kaplan—Meier survival analysis and the signifi-
cance of differences was evaluated using the log-rank test.
Multivariable Cox regressions were used to determine sig-
nificant predictors of outcomes. In multivariable Cox regres-
sions, we excluded the patients without complete marker
data, respectively. The receiver-operator curve (ROC) with
area under curve was calculated to evaluate improvement in
risk classification by atrial cardiopathy markers over iScore
and Essen Stroke Risk Score. In the sensitivity analysis, we
excluded patients diagnosed with AF. We also tested the
association between atrial cardiopathy markers and vascular
mortality at 1year as a sensitivity analysis. All tests were
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two-sided. A p<0.05 was considered statistically signifi-
cant. All analyses were conducted with SAS software, ver-
sion 9.4 (SAS Institute, Inc, Cary, NC).

Results

Baseline characteristics

Between August 2015 and March 2018, 15,166 patients with
acute ischemic stroke or TIA were recruited for the CNSR-IIT
study. After excluding patients with TIA, 14,146 ischemic
stroke patients (mean age, 62.3years; median National
Institutes of Health Stroke Scale (NIHSS) score, three [inter-
quartile range, 2—6]) were finally included in this analysis.
Of these patients, 68.7% were men. Among 14,146 ischemic
stroke patients, besides patients with a medical history of AF,
some patients were newly detected with AF during hospitali-
zation. After excluding patients both with known and newly
detected AF, 13,015 patients were included. At 1-year fol-
low-up, 486 (3.4%) patients had died, and 1317 (9.3%)
patients had experienced ischemic stroke recurrence. The
baseline characteristics of patients are summarized in Table 1
and Supplemental Table 1. All atrial cardiopathy markers,
except prolonged P-wave dispersion (p=0.06), were more
frequent in patients who had succumbed during the 1-year
period. Patients with ischemic stroke recurrence had a sig-
nificantly higher frequency of PTFV1 > 5000 uV-ms, alAB,
prolonged PR interval, and severe LA enlargement than
patients without. Among 14,146 ischemic stroke patients, the
proportion of patients who underwent ECG, UCG, and 24-h
Holter was 94.1%, 94.3%, and 82.3%, respectively. The
median timing of ECG, UCG, and Holter with respect to the
index stroke was 1, 3, and 4.8 days, respectively. The base-
line characteristics of patients with and without cardiac
examination variables were presented in Supplemental Table
2-4, respectively. Baseline characteristics between two
groups were largely comparable.

Associations of atrial cardiopathy markers with
mortality

In multivariable models, PTFV1>5000uV-ms (adjusted
HR 1.70, 95% CI: 1.18-2.45, p=0.004) and alAB (adjusted
HR 1.47, 95% CI: 1.14-1.91, p=0.003) were significantly
associated with mortality (Table 2). The association was
true after we excluded patients diagnosed with AF;
PTFV1>5000uV-ms (adjusted HR 1.77, 95% CI: 1.21-
2.59, p=0.003) and alAB (adjusted HR 1.43, 95% CI:
1.09-1.88, p=0.009) still exhibited significant associations
with mortality (Table 2). Kaplan—-Meier survival curves
demonstrated that the cumulative incidence of mortality
was highest in patients with both markers (log-rank test,
p<0.01; Figure 1).

The multivariable model showed a trend that PTFV1 >
5000 uV'ms increased the risk of vascular mortality in

ischemic stroke patients (adjusted HR 1.71, 95% CI: 0.95—
3.09, p=0.07), although there is no statistical significance.
After we excluded patients diagnosed with AF.
PTFV1 > 5000 uV-ms was the only marker associated with
vascular mortality (adjusted HR 2.03, 95% CI: 1.13-3.66,
p=0.02; Supplemental Table 5, Supplemental Figure 1).

Associations of atrial cardiopathy markers with
ischemic stroke recurrence

In the multivariable models, PTFV1 > 5000 uV-ms was the
only marker associated with ischemic stroke recurrence
(adjusted HR 1.54, 95% CI: 1.22-1.96, p=0.0004; Table
3). After excluding patients diagnosed with AF,
PTFV1 > 5000 uV-ms still exhibited a significant associa-
tion with ischemic stroke recurrence (adjusted HR 1.62,
95% CI: 1.27-2.07, p=0.0001; Table 3). The Kaplan—-Meier
survival curves depicted that the cumulative incidence of
ischemic stroke recurrence was significantly higher in
patients with increased PTFV1 than in those without
increased PTFV1 (log-rank test, p <0.01; Figure 2).

Improvement in prediction model for mortality
and ischemic stroke recurrence by addition of
atrial cardiopathy markers

We established the performance of iScore for predicting
mortality and Essen Stroke Risk Score for predicting
ischemic stroke recurrence at 1year. Adding PTFV1 and
alAB slightly increased the area under the ROC for iScore
(0.013, p=0.02) (Supplemental Table 6). Besides, adding
PTFV1 slightly increased the area under the ROC for Essen
Stroke Risk Score (0.008, p=0.04) (Supplemental Table 6).

Discussion

Fibrotic atrial remodeling and enlargement are crucial com-
ponents of the prothrombotic and proarrhythmic substrates
in the development of LA thromboembolism. The measure-
ment of P-wave indices generates the basis for the ECG-
based detection of the substrate. PTFV1 and alAB are both
markers of atrial fibrosis and LA abnormalities.>'¢ In this
study, we found that PTFV1 was a predictor of death and
ischemic stroke recurrence in patients with ischemic stroke.
In addition, alAB was associated with a higher risk of death
after ischemic stroke.

In several different longitudinal cohorts, PTFV1 has
been related to incident stroke in populations free of stroke
or AF at baseline, and the associations remain constant
even after adjusting for incident AF.4!117-1° The relation-
ship of increased PTFV1 with a new stroke occurring in
patients without AF further supports the hypothesis that the
increased risk of stroke may be mediated via atrial cardi-
opathy, independent of the effects of AF.*> PTFV1 may
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Table I. Characteristics of patients with or without death and ischemic stroke recurrence.

Total Patients who  Patients who p-Value Patients with Patients without ~ p-Value
(n=14,146) did not survive survived ischemic stroke ischemic stroke
(n=486) (n=13,660) recurrence recurrence
(n=1317) (n=12,829)
Age, mean (SD), y 623 (11.3) 706 (I1.1) 62.0 (11.2) <0.0001  63.8(11.0) 62.1 (11.3) <0.0001
Sex, n (%), male 9720 (68.7) 308 (63.4) 9412 (68.9) <0.0l 864 (65.6) 8856 (69.0) 0.01
Medical history, n (%)
Hypertension 8887 (62.8) 314 (64.6) 8573 (62.8) 0.41 860 (65.3) 8027 (62.6) 0.05
Diabetes mellitus 3310 (23.4) 138 (28.4) 3172 (23.2) 0.008 370 (28.1) 2940 (22.9) <0.0001
Dyslipidemia 1075 (7.6) 25 (5.1) 1050 (7.7) 0.04 96 (7.3) 979 (7.6) 0.65
Current tobacco smoker 4503 (31.8) 111 (22.8) 4392 (32.1) <0.0001 384 (29.2) 4119 (32.1) 0.03
Coronary artery disease 1486 (10.5) 94 (19.3) 1392 (10.2) <0.0001 190 (14.4) 1296 (10.1) <0.0001
Atrial fibrillation 986 (7.0) 110 (22.6) 876 (6.4) <0.0001 124 (9.4) 862 (6.7) 0.0003
Heart failure 92 (0.6) 12 (2.5) 80 (0.6) <0.0001 17 (1.3) 75 (0.6) 0.002
Myocardial infarction 336 (2.4) 24 (5.1) 312 (2.3) 0.0001 44 (3.4) 292 (2.3) 0.01
Peripheral vascular disease 107 (0.8) 9(1.8) 98 (0.7) 0.005 12 (0.9) 95 (0.7) 0.50
Stroke 3134 (22.1) 164 (33.7) 2970 (21.7) <0.0001 414 (31.4) 2720 (21.2) <0.0001
TIA 306 (2.2) 9(1.8) 297 (2.2) 0.63 39 (3.0 267 (2.1) 0.04
Body-mass index, mean (SD) 24.7 (3.3) 23.8 (3.5) 24.7 (3.3) <0.0001 247 3.4) 24.7 (3.3) 0.37
NIHSS at admission, median 3 (2-6) 6 (3-12) 3 (2-6) <0.0001 4(2-7) 3 (2-6) <0.0001
(IQR)
Medication at discharge, n (%)
Antiplatelet 12,814 (90.6) 347 (71.4) 12,467 (91.3) <0.0001 1132 (86.0) 11,682 (91.1) <0.0001
Anticoagulants 428 (3.0) 24 (4.9) 404 (3.0) 0.0l 43 (3.3) 385 (3.0) 0.59
Antihypertensive agent 6981 (49.3) 206 (42.4) 6775 (49.6) 0.002 645 (49.0) 6336 (49.4) 0.77
Hypoglycemic agent 3369 (23.8) 101 (20.8) 3268 (23.9) 0.11 352 (26.7) 3017 (23.5) 0.009
Lipid-lowering agent 12,947 (91.5) 361 (74.3) 12,586 (92.1) <0.0001 1143 (86.8) 11,804 (92.0) <0.0001
Atrial cardiopathy markers, n (%)
PTFV1>5000 pV-ms 572 (5.1) 36 (11.7) 536 (4.9) <0.0001 79 (7.9) 493 (4.8) <0.0001
alAB 2033 (17.9) 88 (28.7) 1945 (17.6) <0.0001 207 (20.2) 1826 (17.7) 0.04
Prolonged P-wave duration 3921 (35.0) 129 (42.3) 3792 (34.8) 0.007 372 (36.8) 3549 (34.8) 0.21
Prolonged P-wave dispersion 6029 (53.8) 180 (59.0) 5849 (53.7) 0.06 568 (56.2) 5461 (53.6) 0.11
Prolonged PR interval 929 (7.8) 41 (12.9) 888 (7.7) 0.0007 104 (9.7) 825 (7.7) 0.02
Supraventricular tachycardia 3350 (33.9) 110 (40.1) 3240 (33.8) 0.03 310 (35.1) 3040 (33.8) 0.44
Excessive atrial ectopy 3929 (46.7) 131 (62.4) 3798 (46.3) <0.0001 350 (47.7) 3579 (46.6) 0.56
Severe LA enlargement 216 (1.7) 21 (5.5) 195 (1.6) <0.0001 29 (2.6) 187 (1.6) 0.02

alAB: advanced interatrial block; IQR: interquartile range; LA: left atrial; NIHSS: National Institutes of Health Stroke Scale; PTFVI: P-wave terminal

force in VI; SD: standard deviation; TIA: transient ischemic attack.

reflect atrial changes, such as LA hypertrophy and inter-
atrial conduction defects,’® and its increase has been
associated with impaired LA function.?"?> Furthermore,
PTFVI1 has been associated with low LA appendage ejec-
tion velocity on transoesophageal echocardiography.?® The
Cardiovascular Health Study reported PTFV1 to be associ-
ated with prevalent magnetic resonance imaging (MRI)-
defined infarcts, especially nonlacunar infarcts.?* The
results suggest that PTFV1 may reflect a thromboembolic
mechanism that induces ischemic stroke.

Recent work has confirmed an association between
abnormal PTFV1 and left ventricular fibrosis on cardiac
MRI.?' In addition, PTFV1 may be an early manifestation
of left ventricular diastolic dysfunction® which is an inde-
pendent predictor of mortality.?® In the general population,
PTFV1 is also associated with sudden cardiac death, cardi-
ovascular death,”” and all-cause death?® independent of
clinical cardiovascular risk factors.

Patients with alAB present low atrial mobility and
reduced strain as assessed by speckle-tracking echocardi-
ography.? Furthermore, alAB has been reported to be
associated with larger LA volumes, lower LA emptying
fraction, and increased fibrosis on MR1.>* There is growing
evidence that alAB is a powerful marker of increased risk
of a poor prognosis in different clinical groups, such as the
general population,® and patients with heart failure,*! acute
myocardial infarction,® stress cardiomyopathy,*® and
ischemic stroke.** The results indicate that electrocardio-
graphic abnormalities as markers of changes in the cardiac
structure and function are effective predictors of poor
prognosis.

This study has several limitations. First, as we excluded
some patients without complete markers, potential biases
may exist in our study. However, the characteristics of
patients with and without complete cardiac examination
variables were well balanced. Second, All-cause mortality
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Table 2. Risk of death for atrial cardiopathy markers.

Markers Total patients AF patients excluded
HR (95% Cl) p-Value HR (95% Cl) p-Value
PTFV1>5000 pV-ms Model | 2.17 (1.53-3.08) <0.0001 2.28 (1.58-3.30) <0.0001
Model 2 1.70 (1.18-2.45) 0.004 1.77 (1.21-2.59) 0.003
alAB Model | 1.57 (1.23-2.02) 0.0004 1.54 (1.18-2.00) 0.001
Model 2 1.47 (1.14-1.91) 0.003 1.43 (1.09-1.88) 0.009
Prolonged P-wave duration Model | 1.22 (0.97-1.53) 0.09 1.21 (0.96-1.54) 0.11
Model 2 1.17 (0.93-1.48) 0.18 1.16 (0.91-1.48) 0.23
Prolonged P-wave dispersion Model | 1.17 (0.93-1.47) 0.19 1.22 (0.96—1.55) 0.10
Model 2 1.16 (0.92-1.47) 0.21 1.21 (0.95-1.54) 0.12
Prolonged PR interval Model | 1.32 (0.94-1.84) 0.11 1.29 (0.91-1.84) 0.16
Model 2 1.26 (0.89-1.78) 0.19 1.18 (0.82-1.71) 0.37
Supraventricular tachycardia Model | 0.81 (0.63—1.04) 0.10 1.02 (0.76—1.37) 0.88
Model 2 0.95 (0.73—-1.24) 0.73 0.95 (0.70-1.29) 0.76
Excessive atrial ectopy Model | 1.09 (0.81-1.48) 0.57 1.09 (0.79-1.49) 0.61
Model 2 1.03 (0.75-1.41) 0.84 1.07 (0.77-1.48) 0.69
Severe LA enlargement Model | 2.55 (1.63-3.98) <0.0001 2.30 (0.85-6.18) 0.10
Model 2 1.41 (0.87-2.29) 0.16 1.72 (0.63—4.68) 0.29

Model I: Model | was adjusted for age, sex.

Model 2: Model 2 was adjusted for age, sex, NIHSS, atrial fibrillation, hypertension, diabetes mellitus, dyslipidemia, current tobacco smoker, heart

failure, coronary artery disease, peripheral artery disease, myocardial infarction, prior history of stroke or TIA, medication at discharge (antiplatelet,
anticoagulants, antihypertensive agent, hypoglycemic agent, lipid-lowering agent).
AF: atrial fibrillation; alAB: advanced interatrial block; Cl: confidence interval; HR: hazard ratio; LA: left atrial; PTFV|: P-wave terminal force in V1.

Cumulative probability of death from any cause

no alAB,PTFV1<=5000
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Figure |. Cumulative probability of death stratified by alAB and PTFVI.

alAB: advanced interatrial block; PTFVI: P-wave terminal force in V1.

was lower in our study because patients in CNSR-III were
younger and had relatively mild stroke severity. This could
have the tendency to underestimate the magnitude of asso-
ciations between atrial cardiopathy markers and mortality.

T T

270 360

alAB,PTFV1<=5000
alAB,PTFV1>5000

8265 7294
1712 1485
353 309
168 152

Finally, this study relied on manual measurements rather
than automated measurements. However, blinded meas-
urements were performed by two independent investiga-
tors to confirm the objectivity of the results.



188 European Stroke Journal 8(1)

Table 3. Risk of ischemic stroke recurrence for atrial cardiopathy markers.

Markers Total patients AF patients excluded
HR (95% Cl) p-Value HR (95% Cl) p-Value
PTFVI > 5000 pV-ms Model | 1.64 (1.30-2.07) <0.0001 1.71 (1.35-2.18) <0.0001
Model 2 1.54 (1.22-1.96) 0.0004 1.62 (1.27-2.07) 0.0001
alAB Model | 1.13 (0.97-1.32) 0.12 1.14 (0.97-1.33) 0.11
Model 2 1.08 (0.92-1.26) 0.33 1.09 (0.93-1.28) 0.27
Prolonged P-wave duration Model | 1.06 (0.93-1.21) 0.36 1.04 (0.92-1.19) 0.51
Model 2 1.02 (0.90-1.16) 0.76 1.01 (0.88-1.15) 0.90
Prolonged P-wave dispersion Model | 1.09 (0.97-1.24) 0.15 1.08 (0.95-1.23) 0.21
Model 2 1.09 (0.96-1.23) 0.19 1.08 (0.95-1.23) 0.23
Prolonged PR interval Model | 1.23 (1.01-1.51) 0.04 1.24 (1.01-1.53) 0.04
Model 2 1.16 (0.94-1.44) 0.16 1.16 (0.94-1.45) 0.17
Supraventricular tachycardia Model | 0.97 (0.84-1.12) 0.67 1.00 (0.85-1.16) 0.96
Model 2 1.01 (0.87-1.18) 0.84 1.00 (0.85-1.17) 0.97
Excessive atrial ectopy Model | 0.95 (0.81-1.12) 0.56 0.96 (0.82-1.13) 0.63
Model 2 0.98 (0.83-1.15) 0.8l 1.00 (0.85-1.18) 0.98
Severe LA enlargement Model | 1.42 (0.98-2.06) 0.06 1.28 (0.57-2.86) 0.54
Model 2 1.27 (0.85-1.90) 0.24 1.21 (0.54-2.72) 0.64

Model I: Model | was adjusted for age, sex.

Model 2: Model 2 was adjusted for age, sex, NIHSS, atrial fibrillation, hypertension, diabetes mellitus, dyslipidemia, current tobacco smoker, heart
failure, coronary artery disease, peripheral artery disease, myocardial infarction, prior history of stroke or TIA, medication at discharge (antiplatelet,
anticoagulants, antihypertensive agent, hypoglycemic agent, lipid-lowering agent).

AF: atrial fibrillation; alAB: advanced interatrial block; Cl: confidence interval; HR: hazard ratio; LA: left atrial; PTFV|: P-wave terminal force in V1.
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Figure 2. Cumulative probability of ischemic stroke recurrence stratified by PTFVI.
PTFVI: P-wave terminal force in VI.

Conclusions needed to explore optimal strategies for stroke patients with

. ) these atrial cardiopathy markers.
In conclusion, this study revealed the effect of PTFV1 and

alAB on the prognosis of ischemic stroke. Clinicians should
apply these easily accessible markers to help the risk clas-
sification and more well-designed clinical studies are
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