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Abstract

Objective: Supraventricular arrhythmias are common in adults with Ebstein anomaly (EA). 

However, there are limited data about prognostic implications of atrial fibrillation (AF) in this 

population. Accordingly, our aim was to assess the clinical profile and burden of AF in adults with 

EA, and the relationship between AF and outcomes.

Methods and Results: Six hundred eighty-two consecutive adults with a median age of 36 

(24;49) years from Mayo Clinic, MN, between 2003 and 2020 were included. Sustained episodes 

of AF, clinical, echocardiographic, rhythm, surgical data were collected. Prevalence of AF at 

baseline was 18% (126 patients), the first episode occurred at a mean age of 43±17 years. 

Patients with AF were older, more likely males, had hypertension, renal dysfunction, cardiac 

devices and more advanced right and left-sided remodeling. During a median follow-up of 156 

(81;240) months, 62 patients (11%) developed incident AF. At last encounter, prevalence of AF 

was 28% (188 patients), of those, 63 (34%) had recurrent AF. HF Hospitalization occurred in 51 

patients (7%). AF (hazard ratio 2.32 [1.18; 4.47], p=0.01) was independently associated with HF 

hospitalization. All-cause death occurred in 53 patients (8%); it was more frequent in those with 

AF in the univariable analysis, although it did not remain significant in the multivariable analysis.

Conclusions: AF in EA develops at relatively young ages with one third of the cohort exhibiting 

a recurrent pattern. Patients with AF had a higher prevalence of comorbidities and worse right and 

left-sided cardiac remodeling. AF was independently associated with HF hospitalization.
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INTRODUCTION

Atrial arrhythmias (AA) are common in adults with congenital heart disease (CHD), 

and recent data show a temporal change in patient demographics and arrhythmia types, 
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with atrial fibrillation (AF) now being the predominant arrhythmia in older patients.1–5 

Among patients with CHD, Ebstein anomaly (EA) is also characterized by a high 

lifelong prevalence of AA.6, 7 Although supraventricular tachycardia are the most common 

arrhythmia at younger ages, acquired AA such as AF, atrial flutter or atrial tachycardia due 

to adverse cardiac remodeling from chronic volume overload, atriotomy scars, and acquired 

cardiovascular comorbidities play a more important role as patients age.1, 8 However, most 

of the existing literature about AA have focused primarily on supraventricular tachycardia 

and atrial flutter/tachycardia.8–10 As a result, there are limited data about prevalence and 

prognostic implications of AF in this population.11, 12 Since AF is associated with increased 

risk of heart failure (HF) and adverse outcomes in other forms of CHD,13–17 delineating 

the prevalence and prognostic implications of AF in adults with EA would improve risk 

stratification in this population.

Accordingly, our aim was to assess the clinical profile and burden of AF in adults with EA, 

and the relationship between AF and outcomes.

METHODS

Study Population

This is a retrospective cohort study of consecutive adults (age ≥18 years) with EA receiving 

care at Mayo Clinic, MN, between January 1, 2003 and December 31, 2020. The Mayo 

Clinic Institutional Review Board approved this study (ID#20-007695) and waived informed 

consent for patients that provided research authorization. Patients and/or the public were not 

involved in the design, conduct, report or dissemination plans of this research.

Clinical, echocardiographic, electrocardiographic, and laboratory data and surgical and 

electrophysiology procedural reports were reviewed in all patients. The first clinical 

evaluation performed in the Adult CHD Clinic on or after January 1, 2003 was considered as 

the baseline, and clinical indices obtained within the 12 months from this assessment were 

used to define the baseline clinical characteristics of the cohort. Adverse outcomes were 

defined as hospitalization for HF and all-cause death.

Assessment of AF

The diagnosis of AF was based on a manual review of medical charts, 12-lead 

electrocardiograms, Holter monitors, rhythm strips and device interrogation. Only episodes 

>30 seconds were included. In patients undergoing electrophysiology study, AF was defined 

as an AA with irregular atrial activation and cycle lengths below 200 milliseconds. AF that 

was present at the time of, or prior to baseline assessment, was defined as ‘prevalent AF at 
baseline’, while AF occurring from baseline evaluation to the last follow-up was considered 

as ‘incident AF’. The sum of ‘prevalent AF at baseline’ and ‘incident AF’ was defined as 

‘prevalent AF at last follow-up’. AF was classified according to therapeutic management 

into rhythm (paroxysmal/persistent AF) and rate (permanent AF) control. Antiarrhythmic 

therapies were defined as the use of antiarrhythmic drugs (AAD) class I or III, catheter 

ablation, or antiarrhythmic surgery (right atrial Maze/isthmus ablation and left atrial Maze).
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Echocardiographic Assessment

Comprehensive transthoracic echocardiogram was performed according to contemporary 

guidelines.18–20 Right atrial and left atrial reservoir strain were calculated using speckle 

tracking strain imaging obtained with Vivid E9 and E95 (General Electric Co, Fairfield, 

Connecticut) with M5S and M5Sc-D transducers (1.5–4.6 MHz) at frame rate of 40 to 80 

Hz. Offline analysis of the exported images was performed with TomTec (TomTec Imaging 

Systems, Unterschleissheim, Germany). Adequate tracking by the software was verified and 

retraced if necessary. The rest of structure, function and hemodynamic indices were assessed 

with standard techniques.18–20

Statistical Analysis

Data were presented as count (%), mean ± standard deviation, or median (interquartile 

range). Between-group comparisons were performed using unpaired t-test, Wilcoxon rank-

sum test, chi-square test and Fisher exact test as appropriate.

Survival analysis was performed with the Kaplan-Meier method. Multivariable Cox 

regression models were created to analyze the association between prevalent AF at baseline 

and cardiovascular adverse events. Patients with incident AF were considered as part 

of the ‘non-AF’ cohort. The time-to-event was defined as the interval from/prior to the 

baseline assessment to the occurrence of the adverse event or the end of the study period 

in patients without its occurrence. Due to the low number of outcomes and to avoid 

model overfitting, the covariates included in the model were determined a priori based on 

prior evidence5, 12, 21–23 and comprised clinical parameters and echocardiographic indices 

characterizing the function of the 4 cardiac chambers and tricuspid regurgitation assessed 

at baseline. Variables with a p-value <0.05 on univariable analysis were included in the 

multivariable model. This was followed by stepwise backwards selection of covariates in 

the multivariable model. Sensitivity analyses were performed by repeating the multivariable 

models after exclusion of patients with incident AF without significant changes in the 

results. These patients were therefore kept in the analyses to increase the robustness of 

the models. Due to the large overall sample size, to missing data of the covariates from 

the multivariable models comprising ≤10% of the observations, and to the large size of 

the multivariable models, missing data were treated by deletion (complete case analysis). 

Statistical analysis was conducted with JMP for SAS V. 14.1.0; p values <0.05 were 

considered statistically significant.

RESULTS

The cohort comprised 682 patients, median age was 36 (24; 49) years, 41% were males, 

and 174 (26%) had prior repair of EA (tricuspid valve repair or replacement). Of the 682 

patients, 126 patients (18%) had prevalent AF at baseline, and Table 1 shows a comparison 

of the baseline characteristics of patients with versus without prevalent AF at baseline. 

Compared to patients without prior history of AF, those with prevalent AF were older, 

more likely to be males, had a higher prevalence of hypertension, renal dysfunction, cardiac 

implantable electronic devices, and more advanced chamber remodeling and dysfunction.
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Of the 126 patients with prevalent AF at baseline, the mean age at the first episode was 

43±17 years, 57 (45%) received AAD (25 [20%] class I AAD, 32 [25%] class III AAD), 

while 38 (30%) underwent direct current cardioversion for episode termination. At the time 

of baseline evaluation, 40 patients (32%) were on AAD (20 [16%] class I, 20 [16%] class 

III), 1 (0.8%) had had percutaneous catheter ablation exclusively for AF (pulmonary vein 

isolation [PVI] of all 4 veins), 4 (3%) right atrial Maze, with no patient having had a left 

atrial Maze procedure.

Sixty-two patients (11%) developed incident AF during a median follow-up time of 156 

(81; 240) months (Figure 1A). At last encounter, 188 patients (28%) had at least one 

episode of AF. The first episode of AF of these 188 patients occurred at a mean age of 

45±17 years. At last follow-up, 39 patients (21%) were on AAD (7 [4%] class I, 32 [17%] 

class III). Nine patients (5%) had had percutaneous catheter ablation, 2 of them underwent 

2 procedures each. One patient (11%) had exclusively catheter ablation for AF (second 

procedure, right-sided PVI), 3 (33%) underwent AF (PVI of all 4 veins) and typical atrial 

flutter ablation, 3 (33%) AF (PVI of all 4 veins), typical and atypical right atrial flutter 

ablation, 1 (11%) AF (second procedure, left-sided PVI) and atypical right atrial flutter, and 

the last one (11%) AF (PVI of all 4 veins) and atypical left atrial flutter ablation. Surgical 

ablation was performed in 89 patients (47%): 68 (36%) right atrial, 1 (0.1%) left atrial and 

20 (11%) biatrial Maze. Maximal number of left atrial Maze procedures per patient was 1, 

while 3 (2%) and 1 (0.5%) had 2 and 3 right atrial Maze interventions, respectively.

Sixty-three (34%) of the patients with AF at last follow-up had recurrent AF (Figure 1B). 

Compared to those with a single episode, patients with recurrent AF were more likely to 

receive AAD (45 [71%] versus 46 [37%], p<0.0001) and direct current cardioversion for 

episode termination (37 [59%] versus 40 [32%], p=0.0004). Percutaneous catheter ablation 

was also more common among those with recurrent AF (8 [13%] versus 1 [1%], p=0.0008). 

Treatment with AAD at last follow-up and surgical ablation did not differ according to 

presence of recurrent AF.

Overall, rhythm control was the management approach for AF in 159 patients (85%), while 

29 (15%) received rate control. From the latter group, 10 (34%) underwent directly rate 

control after the first AF episode, while in the remaining 19 (66%) transition from rhythm to 

rate control occurred after a mean time of 8±4 years.

From the 188 patients with AF at last follow-up, 94 (50%) also had had at least one episode 

of atrial flutter and/or atrial tachycardia, 38 (20%) atrioventricular reciprocating tachycardia 

and 4 (2%) atrioventricular nodal reentrant tachycardia during the study period. There were 

52 (47%) episodes of atrial flutter and/or atrial tachycardia preceding AF, while 58 (53%) 

occurred in patients with prior history of AF. All but one (3%) episode of atrioventricular 

reciprocating tachycardia and the 4 (100%) of atrioventricular nodal reentrant tachycardia 

preceded AF development.

Risk of Adverse Outcomes According to Prevalence of AF

Hospitalization for HF occurred in 51 patients (7%). Hospitalization for HF stratified by 

prevalence of AF at baseline is depicted in Figure 2A. AF was associated with higher risk 
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of admission for HF. Multivariable Cox proportional analysis is presented in Table 2. AF at 

baseline (hazard ratio [HR] 2.32 [1.18; 4.47], p=0.01), right atrial reservoir strain (HR 0.95 

[0.92; 0.99], p=0.006) and left ventricular ejection fraction (HR 0.96 [0.93; 0.99], p=0.04) 

were independently associated with admission for HF while male sex was protective (HR 

0.45 [0.22; 0.91], p=0.03).

At the end of the study period, 53 patients (8%) died at a median follow-up time of 

84 months (12; 168), and this occurred more frequently in those with AF at baseline 

(Figure 2B). Multivariable Cox proportional analyses are presented in Table 3. Although 

prevalence of AF was associated with higher likelihood of all-cause mortality in the 

univariable analysis, it did not remain significant after adjusting for covariates. Older age at 

presentation (HR 1.03 [1.01; 1.05], p=0.009), male sex (HR 2.10 [1.06; 4.17], p=0.03), left 

atrial reservoir strain (HR 0.93 [0.90; 0.97], p=0.0002) and presence of ≥moderate tricuspid 

regurgitation (HR 2.82 [1.22; 6.53], p=0.02) were independent predictors of all-cause death.

DISCUSSION

In this study we assessed the prevalence and prognostic implications of AF in adults with 

EA, and the main findings are (Figure 3): (1) AF was common in adults with EA (lifetime 

prevalence 28%), the initial onset occurred at a relatively young age (43 years), and one-

third of the patients had recurrence of AF. (2) Patients with AF had more comorbidities and 

worse cardiac remodeling as compared to patients without AF. (3) AF was an independent 

risk factor for HF hospitalization but not all-cause mortality.

AA is one of the leading causes for hospital admission in adults with CHD, including 

patients with EA.6, 7 The relative prevalence of intra-atrial reentrant tachycardias and AF 

varies depending on the CHD complexity and the demographic characteristics of the study 

cohort.2, 4 14 With an increase in the long-term survival of adults with CHD, AF is now the 

predominant AA in patients >50 years of age.1, 5 Adults with EA are at risk for AA but there 

are limited data about prevalence and prognostic implications of AF in this population.4 

Our results show that 18% of the patients had a history of AF when they presented to 

our institution, and the prevalence of AF was as high as 28% at last follow-up. Studies 

conducted in older CHD patients (mean age >60 years) reported an AF prevalence of 18% 

similar to our study,2 while studies in younger CHD patients (mean age 42 years) have 

reported a much lower AF prevalence of 8.3%.14 We postulate that the higher prevalence 

and earlier age of onset in our study may be related to certain anatomic substrates for AF 

unique to the EA population; furthermore, referral bias cannot be excluded since our data 

come from a center with large experience in surgical management of EA. Patients with EA 

have chronic right heart volume overload due to tricuspid regurgitation, and this in turn leads 

to right atrial remodeling. Furthermore, some of the patients have atrial scars from prior 

surgery. Collectively, these factors, coupled with multiple comorbidities, provide substrates 

for the initiation and propagation of AF as observed in our study.13, 24 While it is intuitive 

that adverse right-sided parameters will drive AF in this population, our results show that 

also metrics reflecting worse left-sided remodeling, hemodynamics, systolic and diastolic 

function were associated with a higher prevalence of AF. A higher proportion of patients 

with hypertension and significant mitral regurgitation among those with AF could have 
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potentially contributed to these observations. The relevance of the left-sided chambers has 

been previously reported in the setting of survival assessment in tetralogy of Fallot, another 

mainly ‘right-sided’ CHD.25 These novel findings in adults with EA, therefore, underscore 

the importance of systematic evaluation of the left-sided chambers, despite EA initially 

being a predominantly ‘right-sided’ pathology.

Cardiac implantable electronic devices, the majority of which were pacemakers, were 

associated with baseline AF. Sinus node dysfunction is frequently encountered in EA; 

together with AF they represent different manifestations of underlying atrial pathology.26 

Additionally, these devices could have allowed a more readily identification of AF.

Another relevant finding of our study was that one third of the cohort had recurrence 

of AF. These patients more commonly required antiarrhythmic treatment or direct current 

cardioversion for episode termination, suggesting a more resistant underlying arrhythmic 

substrate. Almost 50% of the cohort underwent Maze ablation, without differences 

according to arrhythmia burden. This reflects a common institutional practice of performing 

right atrial MAZE at the time of tricuspid valve surgery. We have previously reported on 

lower arrhythmia burden following surgical MAZE in EA.10 Percutaneous catheter ablation 

was performed in only a few patients and its efficacy in EA remains to be determined.

An important observation of the study was that AF was independently associated with 

the risk of HF hospitalization. Previous data from the CHD population have documented 

an increased risk of HF among those with AF;5, 13 our results reproduce these findings 

specifically for adults with EA, and show that this association was independent of other 

predictors of HF. The interplay between arrhythmogenesis and HF development in CHD 

is complex and incompletely understood. Rapid heart rates, irregular beats and loss of 

atrioventricular synchrony reduce ventricular filling time, enhance systolic and diastolic 

dysfunction, elevate filling pressures and precipitate HF. Structural and electrical remodeling 

from HF in the per se structurally and hemodynamically abnormal hearts in turn increases 

the risk of AF recurrence.13, 17 Furthermore, additional structural abnormalities such as 

valve regurgitation may be common risk factors for both AF and HF. Lastly, AF may also 

represent a sign of deteriorating hemodynamics.27 Therefore, it is of utmost importance to 

identify potential reversible causes, and to develop management strategies that interrupt this 

vicious circle before it becomes irreversible.

All-cause death occurred more frequently in patients with AF, but it did not remain an 

independent predictor after adjusting for other covariates. Although some studies have 

reported an association between AF and mortality in adults with CHD,14–16 other studies 

focused exclusively on patients with EA did not observe this association similar to our 

study.7 23 28 29 This might suggest that risk of death in EA derives from a complex 

interaction of several factors, among which AF might play a less significant role.

Other independent prognostic markers for HF and death in our cohort were related to 

worse chamber remodeling and older age; highlighting that a more advanced disease and 

the ageing process results in higher vulnerability for adverse events.23 Indeed, impaired 

quantitative right heart atrio-ventricular deformation and left atrial function in EA have been 
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associated with HF severity,24 while postoperative improvement in atrial function predicted 

postoperative increase in aerobic capacity.30 Female sex was independently associated with 

HF hospitalization while it was protective for all-cause death. We do not have a clear 

explanation for these findings, and the possibility of collinearity cannot be excluded.

Future Directions and Clinical Implications

Our results show that adult patients with EA and AF, with ancillary contribution of other 

adverse imaging and clinical parameters, are at higher risk for complications. Specifically, 

AF was independently associated with HF hospitalization. The pathophysiology of HF in 

EA is multifactorial and derives from complex interactions between the structurally and 

hemodynamically abnormal left and right chambers.27 Furthermore, the role of the left heart 

in HF development is expected to augment due to increased survival and accordingly higher 

prevalence of comorbidities. Our results provide useful clinical tools to help cardiologists 

involved in the management of adults with EA identify high-risk patients that might 

benefit from more aggressive treatment. An important question remains as to whether these 

“aggressive treatments” including HF medications and antiarrhythmic treatment impact 

clinical outcomes in this population.

Limitations

We report data from a referral center with large experience in management of EA with risk 

of referral bias. This study has the inherent limitations of a retrospective design. Treatment 

of missing data by deletion may result in loss of information, however, we do not expect 

this to have changed our results, since they were considered as missing at random data and 

represented a very low proportion of observations from a large cohort. Although the size 

of the cohort was large, the rate of adverse events was low, which could have reduced the 

statistical power. We found a lower-than-expected recurrence rate of AF, which could be 

related to limited follow-up time. Nevertheless, to our knowledge, this is the first study to 

date specifically addressing the clinical profile and outcomes of a large cohort of adults with 

EA and AF.

CONCLUSIONS

AF in EA develops at relatively young ages with one third of the cohort exhibiting a 

recurrent pattern. Patients with AF had a higher prevalence of comorbidities and worse 

right and left chamber remodeling, and targeted antiarrhythmic management was more 

common in those with recurrent episodes of AF. AF was independently associated with 

HF hospitalization. Further studies addressing the role of HF and antiarrhythmic treatment 

to interrupt the vicious cycle of arrhythmogenesis and HF and ultimately improve clinical 

outcomes are warranted.
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Key messages

What is already known on this topic

• Prevalence of atrial arrhythmia in Ebstein anomaly is very high, however, 

there is limited data about the prevalence and prognostic implications of atrial 

fibrillation in this population.

• Atrial fibrillation is associated with increased risk of heart failure and adverse 

outcomes in other forms of congenital heart disease, therefore, assessing the 

prevalence and prognostic implications of atrial fibrillation in adults with 

Ebstein anomaly could improve risk stratification in this population.

What this study adds

• In a cohort of adult patients with Ebstein anomaly, prevalence of atrial 

fibrillation was high, and the initial onset occurred at a relatively young age 

compared to other populations.

• Echocardiographic metrics related to right but also to left-sided remodeling 

reflecting worse hemodynamics, systolic and diastolic function were 

associated with a higher prevalence of atrial fibrillation.

• Atrial fibrillation was associated with hospitalization for heart failure 

independent of other markers of adverse outcomes.

How this study might affect research, practice or policy

• This study provides useful clinical and echocardiographic tools for 

identification of patients with Ebstein anomaly at highest risk for 

complications that might benefit from more aggressive management.

• The association of the left-sided chambers with a higher arrhythmic risk 

underscores the importance of routine evaluation of the left-sided chambers 

in this population, despite Ebstein anomaly initially being a predominantly 

‘right-sided’ disease.
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Figure 1. 
Kaplan-Meier curve depicting lifetime cumulative incidence of atrial fibrillation from birth. 

AF: atrial fibrillation.
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Figure 2. Kaplan-Meier curves showing freedom from adverse events according to presence 
(blue) or absence (red) of atrial fibrillation.
(A) Freedom from heart failure hospitalization according to prevalence of atrial fibrillation 

at baseline. (B) Freedom from all-cause death according to prevalence of atrial fibrillation at 

baseline. AF: atrial fibrillation; HF: heart failure.
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Figure 3. Prognostic implications of atrial fibrillation in adults with Ebstein anomaly.
In this retrospective single center cohort study of consecutive adults with Ebstein anomaly, 

prevalence of atrial fibrillation was high despite the relatively young age of the cohort, 

and antiarrhythmic treatment for episode termination and catheter ablation were more 

common in patients with recurrent episodes. Atrial fibrillation was associated with more 

comorbidities and worse cardiac remodeling. Prevalence of atrial fibrillation at baseline was 

an independent risk factor for heart failure hospitalization.
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Table 1:

Demographic and Clinical Features

Variables N All (682) N AF (126) N No AF (556) p

Demographics and comorbidities 682 126 556

Sex, male 279 (41%) 67 (53%) 212 (38%) 0.002

Age at first visit, years 36 (24; 49) 36 (24; 49) 33 (22; 46) <0.0001

Hypertension 104 (15%) 33 (26%) 71 (13%) 0.0004

Dyslipidemia 111 (16%) 28 (22%) 83 (15%) 0.05

Diabetes mellitus 24 (4%) 5 (4%) 19 (3%) 0.8

Obesity 126 (19%) 29 (23%) 97 (17%) 0.2

Coronary artery disease 26 (4%) 8 (6%) 18 (3%) 0.1

Previous stroke 38 (6%) 9 (7%) 29 (5%) 0.4

Creatinine, mg/dL 0.98±0.24 1.0±0.24 0.97±0.24 0.009

Associated congenital defects 682 126 556

Atrial septal defect 353 (52%) 65 (52%) 288 (52%) >0.9

Ventricular septal defect 40 (6%) 8 (6%) 32 (6%) 0.8

Pulmonary stenosis 21 (3%) 2 (2%) 19 (3%) 0.4

Prior cardiac procedures 682 126 556

Cardiac surgery 174 (26%) 31 (25%) 143 (26%) 0.8

    Tricuspid valve repair 114 (20%) 24 (19%) 90 (16%) 0.4

    Tricuspid valve replacement 60 (10%) 7 (6%) 53 (10%) 0.1

    - Bioprosthesis 58 (9%) 7 (6%) 51 (9%) 0.2

    - Mechanical prosthesis 2 (0.3%) 0 2 (0.4%) >0.9

CIED 57 (8%) 18 (14%) 39 (7%) 0.01

Echocardiography

RA volume index, mL/m2 609 56 (42; 81) 113 77 (54; 133) 496 52 (42; 73) <0.0001

RA reservoir strain*, % 604 29±14 111 21±12 493 31±14 <0.0001

RA pressure, mmHg 654 5 (5; 10) 119 10 (5; 15) 535 5 (5; 10) <0.0001

≥Moderate tricuspid regurgitation 673 495 (74%) 124 90 (73%) 549 405 (74%) 0.8

TR velocity, m/s 584 2.5±0.9 95 2.4±0.3 489 2.5±1.0 0.8

RV end-diastolic area, cm2 610 45±17 116 50±19 494 44±16 0.002

Fractional area shortening, % 610 31±9 116 29±9 494 32±9 0.01

RV systolic pressure, mmHg 576 33±8 94 34±8 482 32±7 0.04

LA volume index, mL/m2 638 25±12 117 32±18 521 23±9 <0.0001

LA reservoir strain*, % 607 32±12 111 27±12 496 33±11 <0.0001

Mitral valve E-wave, m/s 627 0.7±0.3 109 0.8±0.4 518 0.7±0.2 0.08

Medial E/e’ ratio 504 9±6 84 11±8 420 9±5 0.04

≥ moderate mitral regurgitation 482 21 (4%) 101 11 (11%) 381 10 (3%) 0.001

LV end-diastolic diameter, mm 670 43±6 123 44±8 547 43±6 0.1

LV end-systolic diameter, mm 660 28±6 120 29±7 540 28±5 0.04
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Variables N All (682) N AF (126) N No AF (556) p

LV ejection fraction, % 676 58±8 124 56±10 552 59±7 0.01

AF: atrial fibrillation; CIED: Cardiac Implantable Electronic Device; LA: left atrial; LV: left ventricle; RA: right atrial; RV: right ventricle; TAPSE: 
tricuspid annular plane systolic excursion; TR: tricuspid regurgitation.

*
Strain was modeled as absolute values.
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Table 2:

Multivariable Cox Model of Risk Factors Associated with Heart Failure.

Univariable analysis Multivariable analysis

Variables HR (95% CI) p HR (95% CI) p

Age, per year 1.04 (1.02; 1.05) <0.0001 - -

Atrial fibrillation at baseline 3.32 (1.90; 5.77) <0.0001 2.32 (1.18; 4.57) 0.01

Creatinine, per mg/dL 1.67 (0.51; 4.44) 0.35 - -

Fractional area shortening, per % 0.94 (0.92; 0.97) 0.0001 - -

Left atrial reservoir strain*, per % 0.95 (0.92; 0.97) 0.0002 - -

Left ventricle ejection fraction, per % 0.94 (0.91; 0.97) <0.0001 0.96 (0.93; 0.99) 0.01

≥ moderate tricuspid regurgitation 0.97 (0.52; 1.78) 0.91 - -

Right atrial reservoir strain*, per % 0.93 (0.90; 0.96) <0.0001 0.95 (0.92; 0.99) 0.006

Sex, male 0.70 (0.39; 1.26) 0.23 0.45 (0.22; 0.91) 0.03

CI: confidence interval; HR: hazard ratio.

*
Strain was modeled as absolute values.
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Table 3:

Multivariable Cox Model of Risk Factors Associated with All-Cause Death.

Univariable analysis Multivariable analysis

Variables HR (95% CI) p HR (95% CI) p

Age, per year 1.05 (1.03; 1.07) <0.0001 1.03 (1.01; 1.05) 0.009

Atrial fibrillation at baseline 1.82 (1.02; 3.24) 0.04 - -

Creatinine, per mg/dL 4.70 (1.86; 9.95) 0.0003 - -

Fractional area shortening, per % 0.96 (0.93; 0.99) 0.04 - -

Left atrial reservoir strain*, per % 0.93 (0.89; 0.96) <0.0001 0.93 (0.90; 0.97) 0.0002

Left ventricle ejection fraction, per % 0.96 (0.93; 0.99) 0.004 - -

≥ moderate tricuspid regurgitation 2.01 (1.07; 3.79) 0.03 2.82 (1.22; 6.53) 0.02

Right atrial reservoir strain*, per % 0.96 (0.93; 0.99) 0.02 - -

Sex, male 1.73 (1.01; 2.98) 0.045 2.10 (1.06; 4.17) 0.03

CI: confidence interval; HR: hazard ratio.

*
Strain was modeled as absolute values.
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