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Abstract

Background Insertable cardiac monitor (ICM) increases
the detection rate of occult atrial fibrillation (AF) after
cryptogenic stroke. The aim of this study was to evaluate
the prognostic significance of total atrial conduction time
(TACT) assessed by tissue Doppler imaging (PA-TDI
interval) to predict AF presence in patients with crypto-
genic stroke.

Methods Ninety patients (57.7 £ 12.3 years, 48 %
women) after acute cryptogenic stroke and ICM implan-
tation were prospective recruited at four centers for con-
tinuous rhythm monitoring. In all patients, TACT was
measured by PA-TDI interval via echocardiography.
Patients were followed up (331 & 186 days) for detection
of AF (defined by episode lasting >30 s).
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Results AF was detected in 16 patients (18 %) during
follow-up (331 £ 186 days). The median period to AF
detection was 30 days (ql—q3; 16-62 days). Patients who
exhibited occult AF were characterized by significantly
longer PA-TDI intervals (154.7 £ 12.6 Vs.
133.9 £ 9.5 ms, p < 0.0001). The cut-off value of PA-TDI
interval at 145 ms demonstrated sensitivity and specificity
for AF detection of 93.8 and 90.5 %, respectively. In
multivariate analysis, CHA2DS2-VASc score (HR 1.96
per 1 point, p < 0.01) and longer PA-TDI interval (HR
4.05 per 10 ms, p < 0.0001) were independent predictors
of occult AF.

Conclusion Our data suggest that measurement of TACT
could help to predict future AF detection in patients with
cryptogenic stroke. The clinical importance of prolonged
rhythm monitoring or indication of direct anticoagulation
therapy after cryptogenic stroke based on TACT should be
further investigated.
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Introduction

Atrial fibrillation (AF) is the most common sustained car-
diac arrhythmia and affects over 6 million people in Europe
[1]. This arrhythmia is associated with a fivefold higher
risk of stroke and responsible for up to 25 % of first strokes
[2, 3].

In Germany, about 262,000 people experienced a new or
recurrent stroke each year, and stroke per se is responsible
for the fourth leading cause of death [4].

However, it has been also known that 12-40 % of
strokes remain unexplained after standard diagnostic, so-
called cryptogenic stroke [3, 5].

Recently, insertable cardiac monitor (ICM) increased
the detection rate of occult AF in patients with cryptogenic
stroke in a range between 8.9 and 30 % [6-10].

To improve the detection rate of AF, predictors of AF
are of great clinical interest. Atrial fibrosis is central to AF
and associated with thromboembolic risk [11-14].
Increasing age, prolonged PR interval and atrial premature
beats have been proposed as risk markers for future AF in
patients with cryptogenic stroke [15-17].

Recently, total atrial conduction time (TACT) deter-
mined by tissue Doppler imaging (PA-TDI interval) via
transthoracic echocardiogram was demonstrated to be a
reliable predictor of new-onset and recurrent AF [18-21].
Furthermore, PA-TDI interval showed an association with
CHADS?2 score, peak velocity of left atrial appendage and
stroke in patients with AF [22, 23].

In light of the above-mentioned studies, we hypothe-
sized that measuring TACT could facilitate the detection of
occult AF in patients with cryptogenic stroke. Thus, this
study sought to assess the validity of an echocardiographic
index, termed PA-TDI interval, in predicting the occur-
rence of future AF in patients presenting with cryptogenic
stroke.

Methods
Study design and patient recruitment

In this prospective multicenter trial, we studied a total of 90
patients with acute cryptogenic stroke. Patients were
enrolled at four cardiology centers between March 2013 and
April 2015. Patients classified with acute cryptogenic stroke
according to the Trial of Org 10 172 in Acute Stroke
Treatment (TOAST) criteria [24]. Extensive clinical work-
up included 12-lead electrocardiogram (ECG), 72-h ECG
monitoring at stroke unit, an additional 24-h ECG moni-
toring and transesophageal echocardiography. Detailed
brain and vascular imaging included magnetic resonance
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imaging (MRI) scan with diffusion weighted image (DWI)
and computer tomography (CT) angiogram were conducted.

Patients were eligible for enrollment if they were
>18 years and received the diagnosis of cryptogenic stroke
within the previous 60 days. Patients were excluded if they
had a history of AF or atrial flutter (over 30 s), a permanent
indication or contraindication for anticoagulation at
enrollment, and an indication for implantation of a pace-
maker, implantable cardioverter defibrillator, or cardiac
resynchronization therapy device.

The study protocol was approved by all relevant insti-
tutional ethics committees and informed written consent
was obtained from all study patients.

Echocardiography

All patients underwent transthoracic echocardiography
using a GE Vivid 7 Echocardiograph according to the
standards of the American Society of Echocardiography
criteria. Left atrial diameter (LAD) was measured in
parasternal long axis view at end systole. Left ventricular
systolic ejection fraction (LV-EF) was assessed by Sim-
son’s method.

To estimate TACT, PA-TDI interval was assessed two
times per patient (to calculate the mean value PA-TDI
interval of every patient) by measuring the time interval
between the onset of P-wave in lead II of the ECG (on
echocardiographic images) to the peak A-wave of the lat-
eral atrial wall on the tissue Doppler tracing (Fig. 1).
Reproducibility of PA-TDI interval measurement was
previously reported [21]. Mean values were calculated
from the results of measurements.

ECG monitoring

All patients received a validated ICM (Reveal XT; Med-
tronic, Minneapolis, MN) for continuous ECG monitoring.

Fig. 1 An example of the measurement of total atrial conduction
time via PA-TDI interval
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The ICM was implanted subcutaneous in a left parasternal
position. Sensitivity was programmed at 0.05 mV accord-
ing to the manufacture’s recommendation. Detection of AF
was defined as any episode of AF lasting longer than
>30 s. A cardiologist who was blinded to the results of
transthoracic echocardiography work-up made diagnosis of
AF.

Statistical analysis

Data were analyzed with JMP11.0 software package (SAS
Institute, Inc, Cary, NC). Numeric values were expressed
as mean =+ standard deviation. ;(2 test, Student’s ¢ test, or
1-way analysis of variance was performed when appro-
priate to test for statistical differences. p < 0.05 was con-
sidered statistically significant. Event rate curves were
plotted according to the Kaplan—Meier method and were
analyzed with the log-rank test. Univariate and multivariate
Cox regression were performed to assess predictive values
of factors for subsequent cardiac events.

Results

A total of 90 patients with acute cryptogenic stroke were
analyzed. The baseline clinical characteristics of the study
population are summarized in Table 1. The mean age of
the study population was 57.7 £ 12.3 years with 48 %
women. Among the study population, 70 % had hyper-
tension, 18 % had diabetes mellitus, 7 % had coronary
artery disease, and 6 % had chronic kidney disease
stage > III. The virtual CHA2DS2-VASc score of the
study population was 3.4 £+ 1.7.

During a mean follow-up of 331 & 186 days, 16
patients (18 %) experienced detection of AF.

The first documented AF episode occurred after a
median of 30 days (mean period to AF detection:
40.7 £ 42.2 days) with a range from day 1 to day 176
(Fig. 2). Notably, 8 patients with new diagnosed AF
(50 %) developed AF during the first 30 days of continu-
ous rhythm monitoring.

Regarding baseline demographics, there was no sig-
nificant difference between patients with and without AF
during follow-up, except for hypertension and virtual
CHA2DS2-VASc score (Table 1). In detail, patients with
new diagnosed AF during follow-up had a significantly
higher CHA2DS2-VASc score compared to patients
without AF detection (4.5 = 1.2 vs. 3.1 &+ 1.7, p < 0.01).
Patients with AF detection during follow-up had a sig-
nificant larger left atrial diameter (LAD) (40.3 £ 6.4 vs.
37.0 £ 4.2 mm, p < 0.05). The maximum P-wave dura-
tion (Pmax) on surface ECG was significantly higher in
patients with AF detection during follow-up vs. patients

without AF detection (114 + 15.1 vs. 96.5 £ 15.9 ms,
p < 0.0001). The best discriminating value of Pmax was
110 ms, which was characterized by 81.3 % sensitivity
and 71.7 % specificity (area under ROC curve (AUC)
0.79).

The PA-TDI interval ranged between 108 and 177 ms.
Patients with AF detection had a significant longer PA-TDI
interval as compared to those without AF (Fig. 3:
154.7 £ 12.6 vs. 133.9 £ 9.5 ms, p < 0.0001). Moreover,
Pmax and PA-TDI interval showed a significant correlation
(» < 0.0001, r = 0.475) (see online supplement).

At an optimal cut-off value of >145 ms, the sensitivity
and specificity in identifying occult AF via PA-TDI inter-
val were 93.8 and 90.5 %, respectively (Fig. 4a).

Kaplan—Meier analysis demonstrated that the patients
with PA-TDI interval >145 ms had significantly higher
incidence of AF detection as compared to the patients with
PA-TDI interval under or equal to 145 ms (Fig. 4b: log-
rank, p < 0.0001).

On the other hand, at an optimal cut-off value of
144 ms, the sensitivity and specificity in predicting non-AF
detection were 93.8 and 90.5 %, respectively (Fig. 4b).

A univariate regression analysis revealed that PA-TDI
interval was the most powerful predictor of occult AF
(hazard ratio [HR] = 2.73 per 10 ms PA-TDI prolonga-
tion, p < 0.0001). In addition, CHA2DS2-VASc score
(HR =158, p=0.0023 per 1 point) and Pmax
(HR = 1.89, p < 0.0001 per 10 ms) were also significant
predictors of AF detection. CHADS?2 score, a dilatation of
LA diameter, the presence of hypertension, and the use of
beta-blocker therapy showed significant association with
the documented AF.

A multivariate regression analysis demonstrated that
PA-TDI interval was the most powerful independent pre-
dictor of occult AF during follow-up period (HR = 3.51
per 10 ms, p < 0.0001) (Table 2).

Discussion

In this study, we found that total atrial conduction time
(TACT) measured via PA-TDI interval is an independent
predictor of future AF detection in patients with crypto-
genic stroke and implanted ICM. To the best of our
knowledge, this is the first prospective study to examine the
relationship between TACT and occurrence of AF in
patients with cryptogenic stroke.

Several studies found that continuous rhythm monitor-
ing is superior to standard ECG monitoring for detection of
AF after cryptogenic stroke. This advancement of contin-
uous rhythm monitoring with ICM revealed a substantial
percentage of AF detection in patients with cryptogenic
stroke in up to 30 % [6-10].
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Table 1 Clinical characteristics of the study population (n = 90 patients)

Parameters Total N = 90 AF detection (+) N = 16 AF detection (=) N = 74 p value
Age (years) 577+ 123 624 + 11.0 56.8 + 12.5 0.10
Male 47 (52 %) 8 (50 %) 39 (53 %) 0.84
Body mass index 27.6 +43 273 + 4.6 277+ 42 0.76
Coronary artery disease 6 (7 %) 1 (6 %) 5(7 %) 0.94
Diabetes mellitus 16 (18 %) 2 (13 %) 14 (19 %) 0.54
Hypertension 63 (70 %) 15 (94 %) 48 (65 %) 0.022
CKD > Stage III 5 (6 %) 2 (13 %) 34 %) 0.18
Peripheral artery disease 6 (7 %) 0 (0 %) 6 (8 %) 0.24
CHADS?2 score 27+13 3.54+0.7 25+ 13 0.0064
CHA2DS2 VASc score 34+ 1.7 45+ 1.2 3.1 +£1.7 0.0024
Persisent foramen ovale 13(14 %) 1(6 %) 12 (16 %) 0.30
Maximum P-wave duration (ms) 99.7 £ 17.3 114.7 £ 16.1 96.5 + 15.9 <0.0001
Cardiac echo
Left atrial diameter (mm) 37.6 £4.8 403 + 64 37.0 £ 4.2 0.011
Left ventricular ejection fraction (%) 59.1 £ 5.5 579 £ 7.8 594 + 43 0.35
PA-TDI interval (ms) 137.6 £ 12.8 154.7 £ 12.6 1339 £ 9.5 <0.0001
Medication
ACEi or ARB 38 (42 %) 8 (50 %) 30 (41 %) 0.49
Ca angagonist 14 (16 %) 3 (19 %) 11 (15 %) 0.70
Beta blocker 30 (33 %) 9 (56 %) 21 (28 %) 0.032
Statin 63 (70 %) 14 (83 %) 49 (66 %) 0.092
Follow-up period (days) 331 £ 186 289 + 126 340 £ 197 0.32
200 180
- 180 o 160
z * =
g 160 ¢ . g
é bl . = 140
E:'. . g «* E.
140 £ -
120 ’
*
120
0 30 60 90 120 150 180
Days of Follow-up 100 133.9£9.5 ms P <0.0001 154.7£12.6 ms
No AF detected AF detected

Fig. 2 Relationship between time to first detection of atrial fibrilla-
tion and total atrial conduction time

In this study, 16 patients (18 %) experienced detection
of occult AF during follow-up. New diagnosed AF in all
these patients resulted in initiation of oral anticoagulation
therapy for secondary prevention.

However, the detection rate of AF in cryptogenic stroke
showed a wide variance of 12-30 % in the literature, even
under use of ICM. Asymptomatic AF without
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Fig. 3 Comparison of PA-TDI interval according to detection of
atrial fibrillation

anticoagulation therapy can result in recurrences of stroke;
therefore, identification of patients at high risk for AF after
cryptogenic stroke is crucial to determine patients who will
benefit from intensive rhythm monitoring and further oral
anticoagulation therapy.
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AF is associated with atrial fibrosis, the hallmark of
structural atrial remodeling [11, 12]. Of note, Marrouche
and colleagues found that atrial fibrosis detected by MRI

was associated with thromboembolic milieu on trans-
esophageal echocardiography and previous stroke in
patients with AF [13, 14].

Kochhiuser et al. found that numerous supraventricular
premature beats and short supraventricular runs in 24-h
Holter-ECG were associated with future AF in patients
with cryptogenic stroke [16]. The results from the CRYS-
TAL AF trail, published by Thijs et al., showed that age
and a prolonged PR interval were associated with AF
detection after cryptogenic stroke [15]. They suggested that
increased age as well as prolonged PR interval contributed
to atrial fibrosis formation, which may be a culprit mech-
anism in the genesis of AF.

PA-TDI interval is a user-friendly and inexpensive
echocardiographic index. Previously, our research group
found a correlation between PA-TDI interval and atrial
fibrosis in patients undergoing cardiac surgery [21]. De
Vos and colleagues first identified PA-TDI interval as an
independent predictor of the development of new onset AF
[18]. Studies utilizing PA-TDI interval have also shown a
correlation of PA-TDI interval with peak velocity of left
atrial appendage, CHADS2 score and stroke in patients
with AF [22, 23].

According to this, our study demonstrated that
CHA2DS-VASc score, Pmax, and PA-TDI interval were
independently associated with AF detection after crypto-
genic stroke.

The measurement of Pmax is universally feasible based
on the 12-lead ECG, which enables the first-line risk
stratification. In this study, Pmax showed significant cor-
relation to PA-TDI interval (r = 0.475) and was also an
independent predictor of AF detection. However, Merckx
et al. illustrated that the PA-TDI interval was superior in
the measurement of TACT compared to the Pmax on sur-
face ECG (r = 0.91 vs. r = 0.64) [25].

Our results highlight that PA-TDI interval was the most
powerful independent predictor for occult AF in patients
with cryptogenic stroke.

Notably, 8 of 16 patients with new diagnosed AF
developed the arrhythmia within the first 30 days. All 8
patients with AF documentation within the first 30 days of
continuous rhythm monitoring had PA-TDI interval
>145 ms. In contrast, at a cut-off point of PA-TDI interval
<144 ms, the specificity and sensitivity to predict non-AF
detection were 93,8 and 90,5 %, respectively. Thus, the
cut-off points to predict AF detection and non-AF detection

Table 2 Predictive capability
of atrial fibrillation detection

(multivariate analysis)

Factor HR Lower 95 % CI Upper 95 % CI p value
PA-TDI interval (10 ms) 3.51 2.05 6.71 <0.0001
CHA2DS2 VASc score (1 point) 1.86 1.21 2.94 0.0051
Maximum P-wave duration (10 ms) 1.64 1.00 2.80 0.049

HR Hazard Ratio
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suggests that a PA-TDI value of 144-145 ms should be a
good cut-off point for risk stratification in patients with
cryptogenic stroke.

The atrial size can also reflect atrial fibrosis and affect
atrial conduction time; therefore, we have additionally
assessed the association between PA-TDI interval/maxi-
mal left atrial diameter (LAD) and the AF incidence.
However, the PA-TDI interval/maximal LAD ratio
showed no significant difference between patients with
and without AF detection (39.1 £ 5.9 vs. 36.8 &+ 5.4 ms/
cm, p = 0.13).

Further studies have to prove if PA-TDI interval could
help to select patients who mostly benefit from prolonged
rhythm monitoring in order to initiate prompt oral antico-
agulation therapy for secondary prevention after AF
detection or even to judge an indication direct oral anti-
coagulation therapy after cryptogenic stroke.

Study limitations

This study has several limitations. Although all patients
had stated no known history of AF, prior episodes of
asymptomatic AF could not be excluded. Despite the
multicenter and prospective study design, the number of
patient is relatively small. However, this study intended to
evaluate the utility of PA-TDI interval measurement for
predicting AF occurrence. Therefore, the cut-off value of
PA-TDI was not prospectively assessed.

Although reproducibility of PA-TDI interval measure-
ment was previous reported of our laboratory [21], inter-
observer variability cannot be ruled out. It is true that for
the measurement of PA-TDI interval, the investigator
should accumulate some experiences; however, based on
the results of this study, we believe that PA-TDI interval
results in better risk stratification “on top.”

The present findings should be validated in larger
prospective studies to substantiate the benefit of PA-TDI
interval measurement in predicting AF after cryptogenic
stroke into clinical routine.

Conclusion

This study confirmed the important role of measuring total
atrial conduction time via PA-TDI interval in patients with
cryptogenic stroke. We demonstrated that PA-TDI interval
was an independent predictor of future AF detection in
patients with acute cryptogenic stroke. Systematic evalua-
tion of PA-TDI interval in the setting of cryptogenic stroke
may help to select patients who benefit from prolonged
rhythm monitoring to detect occult AF.
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