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Association of Left Atrial Appendage Voltage with

Ischemic Stroke in Patients with Atrial Fibrillation
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Background: Low atrial voltage is associated with an increased risk of stroke. The relationship between left atrial

appendage voltage (LAAV) and ischemic stroke remains unknown. Low LAAV may predict the prevalence of ischemic

stroke in patients with atrial fibrillation (AF).

Methods: A total of 1108 patients with AF referred for catheter ablation were consecutively included from January

2015 to May 2018. The patients were divided into stroke and control groups based on previous ischemic stroke by

neuroimaging criteria. LAAV was measured with a circular mapping catheter in sinus rhythm after ablation. Variables

were compared, and logistic regression was performed to assess the relationship between LAAV and stroke.

Results: A total of 120 patients (10.8%) had a history of ischemic stroke. The patients in the stroke group were older

and had higher percentages of hypertension, diabetes mellitus and coronary/vascular disease. The CHA2DS2-VASc

score was higher and left atrial diameter was larger in the patients with stroke. More left atrial appendage thrombi

and spontaneous echo contrast were detected in the stroke group. LAAV was significantly lower in the stroke group

compared with the controls (5.3 � 1.8 mV vs. 6.5 � 1.8 mV; p < 0.001). Multivariate logistic regression revealed that

a lower LAAV was associated with increased stroke prevalence [odds ratio = 0.75; 95% confidence interval (CI)

0.65-0.87; p < 0.001]. LAAV had a predictive value, with an area under the curve of 0.83 (95% CI 0.79-0.87; p < 0.001).

With an optimal cut-off value of 5.2 mV for LAAV, the sensitivity and specificity were 75% and 74%, respectively.

Conclusions: Lower LAAV in AF patients was associated with increased ischemic stroke prevalence. Whether LAAV

is related to incident stroke requires further studies.
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INTRODUCTION

Atrial fibrillation (AF) is the most prevalent sus-

tained cardiac arrhythmia.
1

It is linked to several forms

of cardiovascular disease, but may also occur in other-

wise normal hearts.
2

The Framingham Study demon-

strated that AF is an independent risk factor for stroke,

increasing its incidence by 5 folds.
3

The majority of left

atrial (LA) thrombi originate from the LA appendage

(LAA).
4-6

Multiple studies assessing LAA have demon-

strated that morphology.
7-9

volume,
10-12

and flow veloc-

ity
13-15

are associated with an elevated risk of stroke.

Atrial remodeling includes electrical and structural re-

modeling. Electrical remodeling alters ion channel expres-

sion and/or function in a way that promotes AF. Structural

remodeling, particularly fibrosis, is important in many

forms of AF,
16

and low atrial voltage is an indicator of atrial

fibrosis.
17

Previous findings have revealed that atrial fibro-

sis is significantly higher in patients with a history of stroke

compared to those who never experienced stroke.
18

Theoretically, LAA remodeling may result in LAA fi-

brosis, low LAA voltage (LAAV) and decreased LAA con-

tractility. Impaired LAA function has been shown to be

correlated with ischemic stroke and thrombus forma-

tion.
19

In the present study, we measured the LAAV dur-
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ing ablation procedures in AF patients, and studied whe-

ther LAAV was associated with prior ischemic stroke.

METHODS

Study patients

Upon approval by the Ethics Committee of Ningbo

First Hospital, we conducted this retrospective study.

The study population was composed of consecutively

enrolled patients with non-valvular AF referred for ca-

theter ablation at the Department of Cardiology, Ningbo

First Hospital, from January 2015 to May 2018. All pa-

tients were derived from the outpatient department.

Most patients received cerebral MRI to confirm the his-

tory of ischemic stroke before ablation, which was de-

termined by at least two radiologists or neurologists.

Computed tomography (CT) was used if the patients

presented with contraindications or refusal to undergo

MRI. CHA2DS2-VASc scores [congestive heart failure, hy-

pertension, age � 75 years (doubled), diabetes, stroke

(doubled), vascular disease, age 65-74, and sex (female)]

before stroke occurrence were calculated by two investi-

gators for each patient based on comorbidities.

Collection and definitions of potential covariates

Anticoagulation medication status was collected at

the time of the outpatient visit. All patients were given

anticoagulation therapy for at least 3 weeks before ad-

mission for catheter ablation. Information regarding pre-

vious disease history was collected at the time of hospital

admission for diabetes mellitus, hypertension, congestive

heart failure, and coronary/vascular disease. Body mass

index was determined as weight (kg) divided by height

squared (m
2
). Transthoracic echocardiography was per-

formed to obtain left ventricular (LV) ejection fraction, LA

diameter and LV end-systolic diameter for each patient.

Transesophageal echocardiography (TEE) was performed,

and the LAA orifice diameter was measured. LAA throm-

bus (LAAT) and spontaneous echo contrast (SEC) were

detected. Patients with LAAT were prescribed with anti-

coagulants until no thrombus was detected by TEE, and

they were re-admitted to hospital for ablation.

Measurement of LAAV

Antiarrhythmic drug therapy was stopped five half-

lives before measurements. The patients were placed in

the supine position under deep sedation for ablation. A

decapolar diagnostic catheter was positioned in the cor-

onary sinus via the left femoral venous access. Through

the right femoral vein, two transseptal accesses were

obtained for the placement of two sheaths (SWARTZ, St.

Jude Medical). A circular mapping catheter (Inquiry
TM

Afocus
TM

II, St. Jude Medical) was used to map pulmo-

nary vein potential and LAAV. Three-dimensional recon-

struction of the left atrium and pulmonary veins was

performed based on CT scan data using Ensite NavX

Verismo software (St. Jude Medical, St Paul, MN, USA).

A 4.0-mm 7F irrigated-tip ablation catheter (Ther-

apy
TM

, Cool Flex
TM

, St. Jude Medical, St. Paul, MN, USA)

was used to perform ablation. The radiofrequency abla-

tion settings used were 35 W/43 �C/13 mL per minute.

Circumferential pulmonary vein isolation (CPVI) was per-

formed using contiguous point-by-point radiofrequency.

Lines and complex fractionated atrial electrograms (CFAEs)

were performed if necessary. No patients underwent

electrical LAA isolation. Patients were cardioverted to si-

nus rhythm if AF rhythm persisted after ablation.

Thirty minutes after ablation, the circular mapping

catheter was placed in the LAA with satisfactory contact

for voltage measurement in sinus rhythm (Figure 1). The

catheter position in the LAA was confirmed by snapshot

or angiography through the sheath when necessary. Lo-

cal LAAV was defined as the amplitude of bipolar intra-

cardiac electrogram with filtration set at HighPass 30 Hz

- LowPass 500 Hz (Figure 2). Electrograms for each mea-

surement were recorded for 10 seconds. All of the pro-

cedures were performed by a senior electrophysiologist

(H.C.). LAAV was measured by two investigators who

were blinded to the information of the subjects, and the
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Figure 1. The position of catheter in LA appendage (LAA). LAA angio-

graphy showed that the catheter (yellow arrow) was positioned at the

place with satisfactory contactin LAA for voltage measurement.



mean value was recorded. LAAVs of all electrodes were

collected and the mean value was used.

Statistical analysis

The study patients were divided into stroke (sub-

jects with prevalent stroke) and control (individuals with-

out previous stroke) groups. Normally distributed con-

tinuous variables were expressed as mean (standard de-

viation), while median (inter-quartile range) was used

for variables with a skewed distribution. Normality of

distribution for continuous variables was assessed using

the Kolmogorov-Smirnov goodness-of-fit test. Categori-

cal variables were expressed as absolute number (per-

centage). Continuous variables were compared using

the t test and Mann-Whitney U test for normally and

non-normally distributed data, respectively. Categorical

variables were compared using the chi-square test or

Fisher’s exact test where appropriate.

Logistic regression was performed to analyze the as-

sociations of potential variables with prevalent stroke.

The initial model was adjusted for age and gender. The

multivariate model included the variables with statistical

significance in the initial model. Furthermore, subgroup

analysis was conducted with the same potential vari-

ables as the multivariate model. Odds ratio (OR) and

95% confidence interval (CI) were calculated.

A receiver operating characteristic curve (ROC) was

used to assess the ability of LAAV to predict stroke. The

optimal cut-off value was determined as well as the area

under the curve (AUC). Statistical analyses were per-

formed with SPSS 19.0 (IBM, Armonk, NY, USA), and p <

0.05 (2-tailed) was considered to be statistically signifi-

cant.

RESULTS

Baseline characteristics

Of the 1108 included patients, 1053 (95.0%) under-

went cerebral MRI and 120 (10.8%) had prevalent is-

chemic stroke. Compared with the control group, the

stroke group was older, and had higher percentages of

CHA2DS2-VASc score � 2, diabetes mellitus, and coro-

nary/vascular disease. The median period of AF history

was longer in the stroke group, although no statistical

difference was indicated (36 vs. 24 months, p = 0.119).

There was no significant difference in pre-procedural

anticoagulation treatment between the two groups. All
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Figure 2. LA appendage (LAA) voltage in sinus rhythms. Local LAA voltage was defined as the amplitude of bipolar intracardiac electrogram with

filtration set at HighPass 30 Hz - LowPass 500 Hz.



patients received anticoagulation therapy for at least 3

weeks before admission for catheter ablation. In the

stroke group, the mean period from the index ischemic

stroke to the LAAV measurement was 4.2 � 2.9 months.

Echocardiographic data for the cases and controls

are listed in Table 1. No significant differences were

found in LV ejection fraction (62 � 7% in the stroke group

vs. 64 � 19% in the control group; p = 0.190) and LV

end-diastolic diameter (48 � 5 mm vs. 48 � 5 mm; p =

0.369). The LA diameter was greater in the stroke group

than in the control group (42 � 6 mm vs. 39 � 6 mm; p <

0.001). The mean LAA orifice diameter was comparable

between the two groups (21 � 7 mm vs. 22 � 6 mm; p =

0.260). LAAT and SEC were detected in 9 (8%) and 12

(10%) patients in the stroke group, respectively, com-

pared to 10 (1%) and 15 (2%) in the control group.

The study population included 683 patients with

paroxysmal AF and 425 with persistent AF. A total of 651

patients were in sinus rhythm at the beginning of the

procedure, and 457 in AF rhythm. Ablation strategy was

comparable between the two groups.

LAAV was associated with ischemic stroke

LAAV data are displayed in Table 1, Figure 3 and Fig-
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Table 1. Baseline characteristics of the study patients

Characteristic Stroke group Control group p value

No. of patients 120 988 -

Age, years 66 � 8 61 � 10 < 0.001 <

Male gender, n (%) 75 (63) 648 (66) 0.502

Paroxysmal AF, n (%) 67 (56) 616 (62) 0.166

History of AF, month 36 (8-70) 24 (6-60) 0.119

Cerebral imagine examination 0.670

MRI, n (%) 115 (95.8) 938 (94.9)

CT, n (%) 5 (4.2) 50 (5.1)

Body mass index, kg/m
2

24.5 � 3.5 24.6 � 3.6 0.882

Hypertension, n (%) 76 (63) 540 (55) 0.071

Diabetes mellitus, n (%) 27 (23) 131 (13) 0.006

Congestive heart failure, n (%) 7 (6) 35 (4) 0.207

Coronary/vascular disease, n (%) 79 (66) 455 (46) < 0.001 <

CHA2DS2-VASc score � 2 86 (72) 587 (59) 0.009

Anticoagulants 0.964

Warfarin, n (%) 4 (3) 42 (4)

Dabigatran, n (%) 22 (18) 185 (19)

Rivaroxaban, n (%) 9 (8) 77 (8)

Anti-arrhythmic drugs, n (%) 74 (62) 559 (57) 0.288

Echocardiographic data

LV ejection fraction, % 62 � 7 64 � 19 0.190

LV end-diastolic diameter, mm 48 � 5 48 � 5 0.369

LA diameter, mm 42 � 6 39 � 6 < 0.001 <

LAA orifice diameter, mm 21 � 7 22 � 6 0.260

LAA thrombus, n (%) 9 (8) 10 (1) < 0.001 <

Spontaneous echo contrast, n (%) 12 (10) 15 (2) < 0.001 <

Ablation strategy 0.559

CPVI only, n (%) 74 (62) 632 (64)

CPVI + line(s), n (%) 35 (29) 247 (25)

CPVI + line(s) + CFAEs, n (%) 11 (9)0 109 (11)

LAA voltage, mV 5.3 � 1.8 6.5 � 1.8 < 0.001 <

Data are mean � SD, median (inter-quartile range) or n (%).

AF, atrial fibrillation; CFAEs, complex fractionated atrial electrograms; CT, computed tomography; LA, left atrial; LAA, left atrial

appendage; LV, left ventricular; MRI, magnetic resonance imaging.

* The reported CHA2DS2-VASc scores were calculated before any thromboembolic event.



ure 4. LAAV was significantly lower in the stroke group

than in the control group (5.3 � 1.8 mV vs. 6.5 � 1.8 mV;

p < 0.001), and this result was consistent in the patients

with both paroxysmal and persistent AF. The mean val-

ues of LAAV in the patients with and without LAAT and

SEC were 4.5 � 1.2 mV and 6.4 � 1.8 mV, respectively (p

< 0.001).

Table 2 shows that lower LAAV, increasing age, coro-

nary/vascular disease, LAAT/SEC, and larger LA diameter

were associated with a higher percentage of prevalent

stroke. The patients with a higher LAAV had lower odds

of having a previous ischemic stroke (OR = 0.75; 95% CI

0.65-0.87; p < 0.001) after multivariate logistic regres-

sion analysis. Subgroup analysis demonstrated that a

lower LAAV was associated with a higher percentage of

prevalent stroke in almost all of the groups (Figure 5).

ROC analysis for LAAV showed an AUC of 0.83 (95%

CI 0.79-0.87; p < 0.001). The optimal cut-off value was

5.2 mV for LAAV, yielding a sensitivity and specificity of

75% and 74%, respectively (Figure 6).

DISCUSSION

The present study is the first to assess the relation-

ship between LAAV and prevalent ischemic stroke in AF

patients. We found that a lower LAAV was associated

with higher ischemic stroke prevalence. This novel result

could be clinically relevant for AF patients.

In AF patients, heart rate control and anticoagula-

tion medication constitute the cornerstone of clinical

therapy, in addition to rhythm control when possible.
20

Catheter ablation is more effective than antiarrhythmic
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Table 2. Logistic regression data for identifying relationship between LAA voltage and prevalent ischemic stroke in patients with AF

Univariable analysis* Multivariable analysis
#

Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Age 1.05 (1.03-1.08) < 0.001 < 1.03 (1.01-1.06) 0.010

History of AF 1.00 (0.99-1.01) 0.990 - -

Paroxysmal AF 0.76 (0.52-1.12) 0.162 - -

Hypertension 1.13 (0.76-1.70) 0.548 - -

Diabetes mellitus 1.54 (0.96-2.49) 0.075 - -

Coronary/vascular disease 1.75 (1.16-2.66) 0.008 1.77 (1.14-2.73) 0.010

The use of anticoagulants 0.93 (0.61-1.41) 0.719 0.98 (0.63-1.52) 0.914

LAA thrombus/SEC 08.52 (4.58-15.86) < 0.001 < 05.13 (2.62-10.07) < 0.001 <

CHA2DS2-VASc score � 2 0.98 (0.60-1.61) 0.941 - -

LA diameter 1.06 (1.03-1.10) < 0.001 < 1.05 (1.01-1.08) 0.007

LAA voltage 0.67 (0.59-0.77) < 0.001 < 0.75 (0.65-0.87) < 0.001 <

AF, atrial fibrillation; CI, confidence interval; LA, left atrial; LAA, left atrial appendage; SEC, spontaneous echo contrast.

* Adjusted for age and gender;
#

Adjusted for variables with statistical significance in univariable analysis.

Figure 3. Comparisons of LAA voltage between patients with and

without prevalent stroke. LAA, left atrial appendage; PAF, paroxysmal

atrial fibrillation; PeAF, persistent atrial fibrillation.

Figure 4. Comparisons of LAA voltage between patients with and

without LAAT/SEC. LAA, left atrial appendage; LAAT, LAA thrombus; SEC,

spontaneous echo contrast.



drug therapy in maintaining sinus rhythm.
21

The CHA2DS2-drug therapy in maintaining sinus rhythm.
21

The CHA2DS2-

VASc score system was introduced into guidelines and

implemented into clinical practice to assess the risk of

thromboembolism in patients with AF. Individuals with

CHA2DS2-VASc scores � 2 should receive oral anticoa-

gulation therapy.
22

However, several studies have re-

vealed that stroke prevalence in patients with a CHA2DS2-

VASc score < 2 varies by region and race.
23-25

The clinical

decision making for anti-coagulation medication re-

mains controversial in patients with low CHA2DS2-VASc

scores in the absence of controlled trial data.

In the current study, a lower LAAV was associated

with increased stroke prevalence. The LAAV was lower

in the stroke group, and also in the patients with LAAT/

SEC. The history of AF was longer in the patients with

prevalent stroke, but no statistical significance was indi-

cated. Longer AF history may be one of the determining

factors of lower LAAV in stroke patients. It is well known

that regular electrical activity (LAAV) can represent the

substrate, and LAAV was lower in the stroke group in

this study, which may indicate more fibrosis of the LAA.

Fibrosis is a “stable” feature that progresses over time

without abrupt changes, as opposed to other features

such as LAA diameter or volume. Few studies have in-

vestigated the relationship between LAAV and fibrosis.

Van Brakel et al.
26

reported that the percentage of inter-

stitial fibrosis in LAA was higher in patients with persis-

tent AF than in those with paroxysmal AF. However, sur-

prisingly, no correlation was found between fibrosis and

electrogram voltage. Two important points should be

noted. (1) The electrograms were recorded from the

LAA in only 4 patients, and thus the lack of association

may be due to the small study sample. (2) The analysis

of fibrosis was performed in tissue with two-dimen-

sional cut from the LAA, which was definitely a major

limitation of the study. Therefore, the degree of fibrosis

in the study may not be very accurate. Thus, further

investigations are needed to elucidate the association

between LAAV and LAA fibrosis.

In addition to LAA fibrosis, the function of LAA may

play a role in prevalent stroke. It is possible that in pa-

tients with a history of stroke, the activation of LAA is

less organized, which may lead to less emptying and

more stasis of the LAA. Previous studies have reported
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Figure 5. The relationship between left atrial appendage voltage and

prevalent stroke in subgroups. Odds ratios (ORs) was calculated using

multivariable adjusted logistic regression. The variables included age,

coronary/vascular disease, the use of anticoagulation, LAA throm-

bus/spontaneous echo contrast, and LA diameter.

Figure 6. ROC curve of LAAV in predicting prior ischemic stroke. LAAV,

left atrial appendage voltage. AUC was 0.83 (95% CI 0.79-0.87; p <

0.001). The optimal cut-off value was 5.2 mV for LAAV (sensitivity, 75%;

specificity, 74%).



that lower flow velocity in the LAA is related with an ele-

vated stroke risk.
13-15

Our investigation also showed that

LAAT/SEC was significantly higher in the stroke group

(Table 1). However, the above potential mechanism is

merely speculative.

LA and LAA remodeling have been associated with

AF and stroke,
27,28

and it may coexist in AF patients. A

previous study showed that decreased LA peak systolic

strain was independently associated with LAA dysfunc-

tion in patients with acute ischemic stroke.
29

LAAV had a

negative relationship with LA size in the present study

(data not shown). However, the link between LA voltage

and LAAV is unclear, and further studies are needed to

elucidate this issue.

CHA2DS2-VASc score was not a risk predictor for prior

ischemic stroke in the current study (Table 2). We calcu-

lated the CHA2DS2-VASc score before stroke occurrence,

as also reported in previous studies.
9,12

Khurram et al.
9

and Kong et al.
30

retrospectively studied the relationship

between LAA morphology and prior stroke, and CHA2DS2-

VASc score was also not a risk predictor for stroke in

both studies. CHA2DS2-VASc score is a risk prediction

system for incident ischemic stroke, which may not be a

suitable predictor of prior stroke.

The potential limitations of the current study should

be mentioned. First, this was a retrospective study of an

AF ablation cohort, with data derived from a selected

population of patients undergoing AF ablation. Therefore,

further studies are required to establish whether the cur-

rent findings can be extended to the general population

with AF. Second, we mentioned that lower LAAV may in-

dicate more fibrosis of the LAA. However, cardiac MRI

was not available due to restrictions of the medical insur-

ance policy. Further studies are needed to investigate the

relationship between LAAV and LAA fibrosis. Third, the

anticoagulation status could not be determined at the

time of stroke, which is similar to prior studies.
8,9

How-

ever, the association between prior stroke and LAAV was

significant. The results, therefore, are likely to be accu-

rate, but warrant validation in a prospective study.

CONCLUSIONS

The current findings revealed that a lower LAAV was

independently associated with a higher prevalence of

ischemic stroke. However, whether LAAV is associated

with newly-acquired stroke remains unclear.

ACKNOWLEDGMENTS

We wish to acknowledge all of the patients in this

study.

FUNDING

This study was funded by Ningbo Municipal Bureau

of Science and Technology (Grant Number 2016C51011).

CONFLICT OF INTEREST

All the authors declare no conflict of interest.

REFERENCES

1. McManus DD, Rienstra M, Benjamin EJ. An update on the prog-

nosis of patients with atrial fibrillation. Circulation 2012;126:

e143-6.

2. Nabi Aslan A, Ba�tu� S, Ahmet Kasapkara H, et al. Coronary ar-

tery dominance may predict future risk of atrial fibrillation. Acta

Cardiol Sin 2018;34:344-51.

3. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an inde-

pendent risk factor for stroke: the Framingham Study. Stroke

1991;22:983-8.

4. Savelieva I, Bajpai A, Camm AJ. Stroke in atrial fibrillation: update

on pathophysiology, new antithrombotic therapies, and evolu-

tion of procedures and devices. Ann Med 2007;39:371-91.

5. Scherr D, Dalal D, Chilukuri K, et al. Incidence and predictors of

left atrial thrombus prior to catheter ablation of atrial fibrilla-

tion. J Cardiovasc Electrophysiol 2009;20:379-84.

6. Puwanant S, Varr BC, Shrestha K, et al. Role of the CHADS2 score

in the evaluation of thromboembolic risk in patients with atrial

fibrillation undergoing transesophageal echocardiography be-

fore pulmonary vein isolation. J Am Coll Cardiol 2009;54:2032-9.

7. Kimura T, Takatsuki S, Inagawa K, et al. Anatomical characteristics

of the left atrial appendage in cardiogenic stroke with low

CHADS2 scores. Heart Rhythm 2013;10:921-5.

8. Di BL, Santangeli P, Anselmino M, et al. Does the left atrial ap-

pendage morphology correlate with the risk of stroke in patients

with atrial fibrillation? Results from a multicenter study. J Am

Coll Cardiol 2012;60:531-8.

Acta Cardiol Sin 2019;35:592�599 598

Binhao Wang et al.



9. Khurram IM, Dewire J, Mager M, et al. Relationship between left

atrial appendage morphology and stroke in patients with atrial

fibrillation. Heart Rhythm 2013;10:1843-9.

10. Beinart R, Heist EK, Newell JB, et al. Left atrial appendage dimen-

sions predict the risk of stroke/TIA in patients with atrial fibrilla-

tion. J Cardiovasc Electrophysiol 2011;22:10-5.

11. Taina M, Vanninen R, Hedman M, et al. Left atrial appendage vol-

ume increased in more than half of patients with cryptogenic

stroke. PLoS One 2013;8:e79519.

12. Burrell LD, Horne BD, Anderson JL, et al. Usefulness of left atrial

appendage volume as a predictor of embolic stroke in patients

with atrial fibrillation. Am J Cardiol 2013;112:1148-52.

13. Takada T, Yasaka M, Nagatsuka K, et al. Blood flow in the left atrial

appendage and embolic stroke in nonvalvular atrial fibrillation.

Eur Neurol 2001;46:148-52.

14. Shimizu T, Takada T, Shimode A, et al. Association between parox-

ysmal atrial fibrillation and the left atrial appendage ejection

fraction during sinus rhythm in the acute stage of stroke: a trans-

esophageal echocardiographic study. J Stroke Cerebrovasc Dis

2013;22:1370-6.

15. Lee JM, Shim J, Uhm JS, et al. Impact of increased orifice size and

decreased flow velocity of left atrial appendage on stroke in non-

valvular atrial fibrillation. Am J Cardiol 2014;113:963-9.

16. Iwasaki YK, Nishida K, Kato T, Nattel S. Atrial fibrillation patho-

physiology: implications for management. Circulation 2011;124:

2264-74.

17. Jadidi AS, Cochet H, Shah AJ, et al. Inverse relationship between

fractionated electrograms and atrial fibrosis in persistent atrial

fibrillation: combined magnetic resonance imaging and high-

density mapping. J Am Coll Cardiol 2013;62:802-12.

18. Daccarett M, Badger TJ, Akoum N, et al. Association of left atrial

fibrosis detected by delayed-enhancement magnetic resonance

imaging and the risk of stroke in patients with atrial fibrillation. J

Am Coll Cardiol 2011;57:831-8.

19. Yaghi S, Song C, Gray WA, et al. Left atrial appendage function

and stroke risk. Stroke 2015;46:3554-9.

20. Wynn GJ, Das M, Bonnett LJ, et al. Efficacy of catheter ablation

for persistent atrial fibrillation: a systematic review and meta-

analysis of evidence from randomized and nonrandomized con-

trolled trials. Circ Arrhythm Electrophysiol 2014;7:841-52.

21. Camm AJ, Kirchhof P, Lip GY, et al. Guidelines for the manage-

ment of atrial fibrillation: the Task Force for the Management of

Atrial Fibrillation of the European Society of Cardiology (ESC).

Europace 2010;12:1360-420.

22. Olesen JB, Lip GY, Hansen ML, et al. Validation of risk stratifi-

cation schemes for predicting stroke and thromboembolism in

patients with atrial fibrillation: nationwide cohort study. BMJ

2011;342:d124.

23. Friberg L, Rosenqvist M, Lip GY. Evaluation of risk stratification

schemes for ischaemic stroke and bleeding in 182,678 patients

with atrial fibrillation: the Swedish Atrial Fibrillation Cohort

Study. Eur Heart J 2012;33:1500-10.

24. January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS guide-

line for the management of patients with atrial fibrillation: a

report of the American College of Cardiology/American Heart

Association Task Force on Practice Guidelines and the Heart

Rhythm Society. J Am Coll Cardiol 2014;64:e1-76.

25. Chao TF, Wang KL, Liu CJ, et al. Age threshold for increased stroke

risk among patients with atrial fibrillation: a Nationwide Cohort

Study from Taiwan. J Am Coll Cardiol 2015;66:1339-47.

26. van Brakel TJ, van der Krieken T, Westra SW, et al. Fibrosis and

electrophysiological characteristics of the atrial appendage in

patients with atrial fibrillation and structural heart disease. J

Interv Card Electrophysiol 2013;38:85-93.

27. Delgado V, Di BL, Leung M, et al. Structure and function of the left

atrium and left atrial appendage: AF and stroke implications. J

Am Coll Cardiol 2017;70:3157-72.

28. Tsao HM, Hu WC, Tsai PH, et al. Functional remodeling of both

atria is associated with occurrence of stroke in patients with par-

oxysmal and persistent atrial fibrillation. Acta Cardiol Sin 2017;

33:51:50-7.

29. Sasaki S, Watanabe T, Tamura H, et al. Left atrial strain as evalu-

ated by two-dimensional speckle tracking predicts left atrial ap-

pendage dysfunction in patients with acute ischemic stroke. BBA

Clin 2014;2:40-7.

30. Kong B, Liu Y, Hu H, et al. Left atrial appendage morphology in pa-

tients with atrial fibrillation in China: implications for stroke risk

assessment from a single center study. Chin Med J (Engl) 2014;

127:4210-4.

599 Acta Cardiol Sin 2019;35:592�599

LAA Voltage and Ischemic Stroke


