Clinical impact of long PR-interval and presence of late gadolinium enhancement on hospitalized patients with non-ischemic heart failure
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Abstract
Background: The combination of electrical and structural remodeling may have a strong effect on the prognosis of non-ischemic heart failure (HF). We aimed to clarify whether prolonged PR-interval and the presence of late gadolinium enhancement (LGE) on cardiac magnetic resonance imaging (CMR) influence the outcomes of patients with non-ischemic HF.
Methods: We studied 262 consecutive hospitalized patients with non-ischemic HF. In a clinically stable condition, a 12-lead electrocardiogram and CMR were performed, and the clinical characteristics and outcomes were investigated.

Results: During the follow-up of 967.7±851.8 days, there were 68 (25.9%) cardiac events (HF or sudden death, re-hospitalization due to HF, or ventricular tachyarrhythmias). In a multivariable analysis, a median rate-adjusted PR (PRa)-interval of ≥173.5 ms and the presence of LGE were associated with cardiac events with a hazard ratio of 1.690 and 2.045 (P=0.044 and P=0.006, respectively). Study subjects were then divided into three groups based on PRa-interval and LGE status. The patients were given 1 point each for PRa-interval of ≥173.5 ms and the presence of LGE: score of 0 (n=79), score of 1 (n=123) and score of 2 (n=60). Cardiac events were 16.4% in score of 0, 26.0% in score of 1 and 38.3% in score of 2 (P=0.005), respectively. The multivariable analysis showed that score of 2 was an independent predictor for cardiac events compared to score of 0 (hazard ratio, 3.437, P=0.001).
Conclusions: The combination of a long PRa-interval and the presence of LGE provides a better predictive value of cardiac events in non-ischemic HF.
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1. Introduction
The assessment of both electrical instability and structural remodeling may be required for accurate risk stratification in non-ischemic heart failure (HF) because of their many potential causes. Atrioventricular and intraventricular conduction disturbances are electrical conduction abnormalities. Wide QRS duration, which reflects intraventricular conduction disturbance, has been regarded as a simple predictor of cardiac functional deterioration and mortality in patients with HF, and cardiac resynchronization therapy (CRT) is a well-established therapy for HF patients with wide QRS duration.1 However, prolonged PR-interval, which represents atrioventricular conduction disturbance, does not require treatment unless advanced atrioventricular block is present. Although the relationship between PR-interval and worsening HF is still a controversial issue,2,3 there is increasing evidence that prolonged PR-interval contributes to the incidence of atrial fibrillation (AF), resulting in poor prognosis.3,4 
Regarding structural remodeling (myocardial fibrosis), late gadolinium enhancement (LGE) with cardiac magnetic resonance imaging is regarded as a promising tool in the risk assessment of patients with HF.5 In patients with non-ischemic cardiomyopathy, it has been reported that the presence of LGE is a strong predictor of ventricular arrhythmic events, irrespective of extent or segmental pattern.6,7 Therefore, the assessment of both electrical abnormality (long PR-interval) and structural remodeling (LGE presence) may provide more useful information on the clinical management of patients with non-ischemic HF compared to either long PR-interval or LGE alone. Thus, the aim of the present study was to evaluate the predictive value of long PR-interval and LGE presence for clinical outcome in hospitalized patients with non-ischemic HF.
2. Material and methods
2.1. Subjects and study protocol
This study consisted of 402 consecutive patients, who were admitted to Fukushima Medical University Hospital for treatment of decompensated HF and underwent CMR between 2010 and 2018. The patients’ flow is shown in Figure 1, and the clinical characteristics of the study subjects are listed in Table 1. CMR examinations were not performed in patients with hemodynamic unstable conditions, cardiac implantable electronic device implantation and/or estimated glomerular filtration rate of <30 mL/min. The diagnosis of decompensated HF was determined by several physicians using the HF guidelines.8 All subjects received optimal medication for HF and underwent blood examination (brain natriuretic peptide), 12-lead electrocardiogram, echocardiography and CMR at a stable condition before discharge. In addition, coronary angiography or computed tomographic angiography were performed to rule out significant coronary artery stenosis. The exclusion criteria in our study were ischemic heart disease (n=81), permanent AF (n=45) and complete atrioventricular block (n=8). Six patients were lost from the study during the follow-up owing to no contact. The remaining 262 patients with non-ischemic HF met the enrollment criteria, and constituted the final study population. The methodology of the present study has been validated in our previous work.9 All subjects gave written informed consent, and the study protocol was approved by the ethics committee of Fukushima Medical University. 
2.2. Electrocardiogram
We used standard 12-lead electrocardiogram tracing at 25-mm/s paper speed and 10-mm/mV amplitude (FCP-7541, Fukuda Denshi, Tokyo, Japan).9 Heart rate, PR-interval, QRS duration and QTc interval were assessed. In the present study, rate-adjusted PR (PRa)-interval was calculated based on the following formula: PRa = PR + 0.26 (heart rate − 70) for the age group younger than 60 years and PRa = PR + 0.42 (heart rate − 70) for the age group 60 years or older.10 The QT interval was manually measured and corrected using Bazett’s formula.
2.3. CMR protocol
CMR examinations were performed as described previously.7,11,12 CMR protocol consisted of a left ventricular (LV) functional study by an electrocardiographic-triggered breath-hold segmented steady-state free precession cine sequence. We identified LGE using phase sensitive and inversion recovery prepared T1-weighted gradient-echo pulse sequences 10 min after intravenous administration of 0.2 mmol/kg of gadobutrol (Gadovist; Bayer AG, Leverkusen, Germany).11 Three standard views were used (short axis, two-chamber, and four-chamber views) to quantify regions of elevated signal intensity.7,12 The presence of LGE was independently assessed by experienced radiologists who were blinded to patient clinical data and outcome.
2.4. Echocardiography
Echocardiography was performed by experienced echocardiographers using standard techniques with an ultrasound system at our hospital.9 Interventricular septum thickness, posterior wall thickness, and LV end-diastolic diameter were measured in parasternal long axis view at end diastole, and LV end-systolic diameter was measured in the parasternal long axis view at end systole. Left atrial (LA) volume index, LV end-diastolic volume index, LV end-systolic volume index, and LV ejection fraction (LVEF) were calculated using the modified Simpson’s method. Additionally, the E/A ratio and deceleration time of transmitral flow velocity, and the ratio of early transmitral flow velocity to mitral annular velocity (mitral valve E/e’) were measured.
2.5. Determination of risk factors

The definition of target comorbidities (i.e. hypertension, diabetes, dyslipidemia, and chronic kidney disease) was mentioned in a previous study.9 The definition of hypertension was the recent use of antihypertensive medications, a systolic blood pressure of ≥140 mmHg, and/or a diastolic blood pressure of >90 mmHg. The definition of diabetes was the recent use of antidiabetic medications (insulin or antidiabetic drugs), a fasting blood glucose value of >126 mg/dL, and/or a hemoglobin A1c value of >6.5%. The definition of dyslipidemia was the recent use of cholesterol-lowering medications, a triglyceride value of >150 mg/dL, a low-density lipoprotein cholesterol value of >140 mg/dL, and/or a high-density lipoprotein cholesterol value of <40 mg/dL. The measurement of estimated GFR was performed based on the Modification of Diet in Renal Disease formula.13 The definition of chronic kidney disease was an estimated GFR of <60 mL/min/1.73m.13,14 The definition of anemia was hemoglobin of <12.0 g/dL in females and <13.0 g/dL in males.13,14
2.6. Identification of cardiac events during follow-up
The follow-up of cardiac events continued until March 2019. The definition of cardiac events was re-hospitalization or death due to worsening HF, ventricular arrhythmic events or sudden death, which were the clinical endpoints of our study. The diagnosis of worsening HF was determined using HF guidelines.8 HF death was confirmed by independent attending physicians. Ventricular arrhythmic events included sustained ventricular arrhythmia, defined as tachycardia lasting >30 seconds and requiring an intervention for termination, or appropriate implantable cardioverter defibrillator (ICD) therapy (anti-tachycardia pacing or shock therapy). After study enrollment, implantation of a pacemaker and high voltage devices, including ICD and CRT-defibrillator (CRT-D), was performed in accordance with the established criteria.15 ICD-programming was performed at the physician’s discretion according to the patient’s background. Sudden death was defined as unexpected death within 1 hour of cardiac symptom onset or within 24 hours of being seen by anyone. In the current study, AF events (lasting more than 30 seconds),16 including a history of paroxysmal AF at the time of registration and prevalence of AF by the time the clinical endpoints occurred, were also investigated. Prevalence of AF and ventricular arrhythmia, status and dates of death were investigated in detail based on the patients’ medical records or their referring cardiologists. Survival time was calculated from the date of CMR examination until the date of re-hospitalization, ventricular arrhythmic event, death or last follow-up. In the present study, the relationship of PR-interval and LGE presence to the incidence of cardiac events was investigated. 

2.7. Statistical analysis

Parametric variables were presented as mean ± standard deviation, and categorical variables were expressed as numbers and percentages. Parametric variables were compared using Student’s t-test, and the chi-square test was used for comparisons of categorical variables. The Cox proportional hazard regression analysis was performed to clarify the relationship of PRa-interval and LGE presence to the incidence of cardiac events. To prepare for potential confounding, we considered the following clinical factors, which are generally known to affect prognosis in HF patients: age, sex, New York Heart Association (NYHA) class III/IV, brain natriuretic peptide, LVEF and QRS duration. Those variables were selected for testing in the multivariable analysis. The cumulative incidence curve of cardiac events was plotted via the Kaplan-Meier method, with statistical significance examined using the log-rank test. A value of P<0.05 was considered statistically significant. Statistical analyses were performed with SPSS statistical software (version 26.0, SPSS Institute, Chicago, IL).
3. Results
3.1. Baseline characteristics
Of the 402 hospitalized patients with HF, 262 consecutive patients with non-ischemic HF were included in the present analysis, after excluding 140 patients for the reasons listed in Figure 1. The baseline characteristics of the study subjects are summarized in Table 1. 

The median value of PRa-interval on the 12-lead electrocardiogram was 173.5 ms. The study subjects (n=262) were divided into two groups based on PRa-interval (173.5 ms): the long PRa-interval group (≥173.5 ms, n=131) or short PRa-interval group (<173.5 ms, n=131). As shown in Table 2, the long PRa-interval group had a higher prevalence of paroxysmal AF, dyslipidemia and intake of diuretics compared with the short PRa-interval group. In addition, the levels of brain natriuretic peptide were significantly higher, and the LA volume index was significantly larger in the long PRa-interval group than in the short PRa-interval group. However, there were no significant differences in heart rate, QRS duration, QTc interval, LVEF, dimension or thickness of the LV and LGE presence. In addition, no significant differences were observed in any other data.

The presence of LGE on CMR was found in 110 (41.9%) patients. The study subjects (n=262) were divided into two groups based on the presence or absence of LGE: the LGE group (n=110) or the non-LGE group (n=152). As shown in Table 3, in the LGE group, the heart rate was slower, and the LA volume index was larger than those in the non-LGE group. However, LVEF, dimension or thickness of the LV, and PRa-interval did not differ between the two groups. In addition, no significant differences were observed in any other data.
3.2. Device implantation and prevalence of AF

During the follow-up period, pacemaker implantation was performed in 11 (4.1%) patients, and high voltage device (ICD and CRT-D) implantations were performed in 71 (27.0%) patients, of whom 53 (74.6%) received an ICD, and 18 (25.4%) received a CRT-D. Implantation of the pacemaker and high voltage devices did not differ between the long and short PRa-interval groups (pacemaker, 4.5% vs. 3.8%, P=0.758; high voltage devices, 29.8% vs. 23.6%, P=0.331). Implantation of the high voltage devices was significantly higher in the LGE group than in the non-LGE group (34.5% vs. 21.7%, P=0.021), but implantation of the pacemaker did not differ between the LGE and non-LGE groups (2.7% vs. 5.2%, P=0.312).
Prevalence of AF was found in 60 (22.9%) patients by the time the clinical endpoints occurred. Prevalence of AF was significantly higher in the long PRa-interval group than in the short PRa-interval (29.0% vs. 16.7%, P=0.019), but it was not different between the LGE and non-LGE groups (25.4% vs. 21.0%, P=0.403) as shown in Figure 2A and 2B.
3.3. Predictive impact of PRa-interval and LGE presence on cardiac events

During the follow-up of 967.7±851.8 days, there were 68 (25.9%) cardiac events, including HF death (n=4), sudden death (n=4), re-hospitalization due to worsening HF (n=34), ventricular arrhythmia requiring an intervention for termination (n=5) or appropriate ICD therapy (n=21). The incidence of cardiac events was 41 (31.2%) and 27 (20.6%) in the long and short PRa-interval groups, respectively. In the Kaplan-Meier analysis (Figure 3A), the long PRa-interval group was associated with a higher risk of cardiac events than the short PRa-interval group during the follow-up period (log-rank P=0.035). As shown in Figure 4, the univariable analysis revealed significant associations of PRa-interval (≥173.5 ms) with cardiac events with a hazard ratio (HR) of 1.678 (P=0.037). In a multivariable Cox proportional hazard analysis, PRa-interval (≥173.5 ms) was significantly associated with an increased risk of cardiac events with a HR of 1.690 (P=0.044) after adjusting for multiple confounders (i.e. age, gender, NYHA class III or IV, brain natriuretic peptide, LVEF and QRS duration).


The incidence of cardiac events was 37 (33.6%) and 31 (20.3%) in the LGE and non-LGE groups, respectively. In the Kaplan-Meier analysis (Figure 3B), the LGE group was associated with a higher risk of cardiac events than the non-LGE group during the follow-up period (log-rank P=0.015). As shown in Figure 4, the univariable analysis revealed significant associations of LGE presence with cardiac events with a HR of 1.800 (P=0.016). In a multivariable Cox proportional hazard analysis, LGE presence was significantly associated with an increased risk of cardiac events with a HR of 2.045 (P=0.006) after adjusting for multiple confounders.

3.4. Predictive impact of the combination of PR-interval and LGE presence on cardiac events

Study subjects were then divided into three groups based on their PRa-interval and LGE status. The patients were given 1 point each for PRa-interval of ≥173.5 ms and the presence of LGE: score of 0 (n=79), score of 1 (n=123) and score of 2 (n=60). Cardiac events were 13 (16.4%) in score of 0, 32 (26.0%) in score of 1 and 23 (38.3%) in score of 2, respectively. As shown in Figure 5, cardiac events progressively increased from score of 0 to score of 1 and score of 2 (P=0.005). When compared with score of 0, the multivariable Cox proportional hazard analysis after the adjustment of multiple confounders showed that score of 2 was an independent predictor for cardiac events (HR, 3.437, P=0.001) as shown in Figure 4. However, score of 1 did not show any significant differences compared to score of 0.

In subgroup analyses, among 126 patients with preserved LVEF of ≥50%, predictive values of the combination of PRa-interval and LGE status for cardiac evens were evaluated. The patients (n=126) were divided into three groups based on their PRa-interval and LGE status: score of 0 (n=36), score of 1 (n=62) and score of 2 (n=28). Cardiac events were 3 (8.3%) in score of 0, 14 (22.5%) in score of 1 and 9 (32.1%) in score of 2, respectively. As shown in Supplementary Figure 1, cardiac events progressively increased from score of 0 to score of 1 and score of 2 (P=0.008). In a multivariable analysis (Supplementary Figure 2), score of 2 was also an independent predictor for cardiac events compared to score of 0 (hazard ratio, 8.985, P=0.002). However, score of 1 did not show any significant differences compared to score of 0.
4. Discussion
There were several important findings in the present study. First of all, patients with long PRa-interval had higher prevalence of AF and subsequent cardiac events compared to those with short PRa-interval. Second, patients with LGE presence had a greater risk for cardiac events compared to those without LGE presence. Finally, the multivariable Cox proportional hazard analysis showed that the combination of long PRa-interval and LGE presence was an independent predictor for cardiac events compared to short PRa-interval and LGE absence (HR, 3.437, P=0.001). These results suggest that the assessment of both PRa-interval and LGE is important for the clinical management of non-ischemic HF.
4.1. PRa-interval and cardiac events in patients with non-ischemic HF

In the present study, we used PRa-interval, adjusted for heart rate and age, to accurately assess the relationship between PR-interval and incidence of cardiac events because it is well known that there is a significant interaction between PR-interval and heart rate with age.10,17,18 Commonly, the prolonged PR-interval, which represents atrioventricular conduction disturbance, is considered to be benign in the general population.2 However, there is increasing evidence that a prolongation of PR-interval is associated with increased risk of AF prevalence, worsening HF and mortality, especially in patients with HF.3,4,18 One possible mechanism responsible for incidence of AF due to long PR-interval is increased LA overload.3 In PR prolongation, the onset of atrial systole occurs immediately after the previous ventricular contraction and, after the end of atrial systole, the mitral valve remains open in mid or late diastole, which leads to reduced ventricular pre-load and diastolic mitral regurgitation.3 As a result of these negative hemodynamic effects, LA overload and risk of AF prevalence were increased. Additionally, prevalence of AF in HF is considered to be associated with incidence of cardiac events, including pump failure death and sudden cardiac death.19 Therefore, in the present study, patients with long PRa-interval had larger LA volume and higher prevalence of AF compared to patients with short PRa-interval, which might lead to higher incidence of cardiac events. 
4.2. LGE and cardiac events in patients with non-ischemic HF

The presence of LGE has shown promising results in the detection of myocardial fibrosis and risk assessment in patients with HF. In ischemic cardiomyopathy, quantification of the extent of LGE is required to accurately predict the occurrence of ventricular arrhythmia because of a dose-response relationship between ischemic myocardial scar and arrhythmic risk.20 However, in non-ischemic cardiomyopathy, the presence of LGE is strongly related to a greater risk of adverse outcomes including HF and arrhythmic events, irrespective of extent or segmental pattern.6,7 Moreover, it was previously reported that the extent of fibrosis detected by LGE in non-ischemic cardiomyopathy was not correlated with LV dimension and function, or the amount of interstitial fibrosis detected by endomyocardial biopsy.21 Therefore, the pathophysiological role of a myocardial scar detected by LGE in cardiac events may be different in ischemic or non-ischemic cardiomyopathy. In the present study, the LGE group was associated with a higher risk of cardiac events compared with the non-LGE group. The presence of LGE in non-ischemic HF had a significant impact on the incidence of cardiac events, which is in line with the results of previous studies.6,7,21 
4.3. Clinical implication

The present study has demonstrated for the first time that the assessment of both atrioventricular electrical abnormality (long PRa-interval) and ventricular structural remodeling (LGE presence) is useful for predicting cardiac events (HF or sudden death, re-hospitalization due to HF, or ventricular tachyarrhythmias). To prevent sudden death from major ventricular arrhythmic events in patients with LGE presence, early protection by high voltage devices should be considered as described previously.5,6 Next, additional medical therapy for electrical abnormalities might be required to reduce the risk of developing HF and ventricular tachyarrhythmias. Among patients with electrical conduction abnormalities, CRT is an established therapy for wide QRS duration.1 However, an effective therapeutic strategy for prolonged PR-interval has not yet been established. In the current study, patients with long PRa-interval had higher prevalence of AF compared to patients with short PRa-interval, whereas the management of AF could possibly reduce the risk of adverse events. Although medical therapy including β-blocker and amiodarone is considered as a first line therapy for the management of AF with HF, it is difficult to provide effective medical treatment for patients with prolonged PR-interval due to conduction disturbance. A recent study has reported that radio frequency catheter ablation for AF with HF is associated with a significantly lower rate of a composite end point of death from any cause or HF hospitalization compared with medical therapy.22 Consequently, radio frequency catheter ablation could be suggested as a therapeutic strategy in non-ischemic HF with prolonged PR-interval.
4.4. Limitations

There are some limitations in this study. First, the present study was performed in a single institution. Second, since only the baseline data at hospital discharge were used for the analyses, any changes post discharge in any of the parameters were not considered. Finally, we performed multivariable Cox proportional hazard analyses and statistically adjusted the differences in clinical backgrounds to validate the clinical impact of PRa-interval and LGE. However, these differences between the two groups might not have been completely adjusted. We would consider performing a study on these issues in the future.
5. Conclusions
The assessment of both PRa-interval and LGE provides useful information on the clinical management of hospitalized patients with non-ischemic HF. The management of AF may be important to reduce the risk of developing HF and ventricular tachyarrhythmias, especially in patients with long PRa-interval.
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Table 1. Baseline characteristics of the study population.
	n
	262

	Age
	57.6±16.5

	Male (n,%) 
	167 (63.7%)

	PAF (n,%)
	36 (13.7%)

	NYHA class III/IV (n,%)
	75 (28.6%)

	Etiology
	

	  Cardiomyopathic (n,%)
	181 (69.0%)

	  Valvular (n,%)
	27 (10.4%)

	  Hypertensive (n,%)
	13 (4.9%)

	  Others (n,%)
	41 (15.6%)

	Hypertension (n,%)
	152 (58.0%)

	Diabetes (n,%)
	76 (29.0%)

	Dyslipidemia (n,%)
	175 (66.7%)

	Chronic kidney disease (n,%)
	107 (40.8%)

	Medication 
	　

	  β blockers (n,%) 
	228 (87.0%)

	  ACE-Inhibitors/ARBs (n,%)
	203 (77.4%)

	Class I anti-arrhythmic drugs (n,%)
	22 (8.3%)

	  Amiodarone (n,%)
	69 (26.3%)

	  Diuretics (n,%)
	150 (57.2%)

	  Inotropic agents (n,%)
	38 (14.5%)

	Left ventricular ejection fraction (%)
	47.8±17.6

	Brain natriuretic peptide (pg/ml)
	261.5±347.4


PAF, paroxysmal atrial fibrillation; NYHA, New York Heart Association; ACE-Inhibitors, angiotensin-converting enzyme-Inhibitors; ARBs, angiotensin II receptor blockers.

	　
	Long PRa-interval
	Short PRa-interval
	P value

	　
	 group (n=131)
	group (n=131)
	　

	Age
	58.5±16.4
	56.8±16.6
	0.414

	Male (n, %)
	94 (71.7%)
	73 (55.7%)
	0.010

	PAF (n,%)
	26 (19.8%)
	10 (7.6%)
	0.004

	NYHA class III/IV (n,%)
	43 (32.8%)
	32 (24.4%)
	0.133

	Hypertension (n,%)
	76 (58.0%)
	76 (58.0%)
	1.000

	Diabetes (n,%)
	44 (33.5%)
	32 (24.4%)
	0.102

	Dyslipidemia (n,%)
	96 (73.2%)
	79 (60.3%)
	0.026

	Chronic kidney disease (n,%)
	60 (45.8%)
	47 (35.8%)
	0.102

	Medication
	
	
	

	β blockers (n,%)
	118 (90.0%)
	110 (83.9%)
	0.141

	  ACE-Inhibitors/ARBs (n,%)
	102 (77.8%)
	101 (77.0%)
	0.882

	Class I anti-arrhythmic drugs (n,%)
	14 (10.6%)
	8 (6.1%)
	0.181

	Amiodarone (n,%)
	37 (28.2%)
	32 (24.4%)
	0.483

	Diuretics (n,%)
	87 (66.4%)
	63 (48.0%)
	0.003

	Inotropic agents (n,%)
	20 (15.2%)
	18 (13.7%)
	0.726

	Brain natriuretic peptide (pg/ml)
	317.0±379.8
	205.9±303.0
	0.010

	Electrocardiogram
	
	
	

	  Heart rate (bpm)
	70.9±15.4
	70.8±14.1
	0.970

	  PRa-interval (ms)
	199.9±26.5
	155.4±12.8
	<0.001

	  QRS duration (ms)
	119.2±27.1
	113.3±24.2
	0.068

	  QTc interval (ms)
	455.1±36.1
	451.1±36.0
	0.372

	Echocardiography
	
	
	

	LV ejection fraction (n,%)
	47.7±17.7
	47.9±17.6
	0.922

	LV end-diastolic volume index (ml/m2)
	78.9±37.8
	72.8±42.2
	0.227

	LV end-systolic volume index (ml/m2)
	45.5±33.2
	42.9±36.6
	0.546

	Left atrial volume index (ml/m2)
	43.8±18.4
	34.5±15.7
	<0.001

	LV end-diastolic diameter (mm)
	53.4±11.4
	50.7±11.1
	0.057

	LV end-systolic diameter (mm)
	41.6±14.8
	38.5±14.1
	0.088

	Interventricular septum thickness (mm)
	11.3±3.7
	11.2±3.4
	0.817

	Posterior wall thickness (mm)
	11.2±4.1
	10.9±2.3
	0.362

	E/A
	1.22±0.89
	1.11±0.67
	0.288

	Deceleration time (ms)
	208.2±99.0
	205.7±75.5
	0.822

	E/e’
	14.4±8.2
	13.4±6.1
	0.294

	LGE presence (n,%)
	59 (45.0%)
	51 (38.9%)
	0.317


Table 2. Comparison of clinical factors between the long and short PRa-interval groups.
PRa, rate-adjusted PR; LV, left ventricular; LGE, late gadolinium enhancement. The other abbreviations are the same as those in Table 1.
	　
	LGE group
	Non-LGE group
	P value

	　
	 (n=110)
	(n=152)
	　

	Age
	56.7±15.4
	58.3±17.2
	0.438

	Male (n, %)
	74 (67.2%)
	93 (61.1%)
	0.312

	PAF (n,%)
	17 (15.4%)
	19 (12.5%)
	0.493

	NYHA class III/IV (n,%)
	25 (22.7%)
	50 (32.8%)
	0.072

	Hypertension (n,%)
	64 (58.1%)
	88 (57.8%)
	0.963

	Diabetes (n,%)
	29 (26.3%)
	47 (30.9%)
	0.422

	Dyslipidemia (n,%)
	76 (69.0%)
	99 (65.1%)
	0.502

	Chronic kidney disease (n,%)
	43 (39.0%)
	64 (42.1%)
	0.624

	Medication
	
	
	

	β blockers (n,%)
	97 (88.1%)
	131 (86.1%)
	0.635

	  ACE-Inhibitors/ARBs (n,%)
	89 (80.9%)
	114 (75.0%)
	0.258

	  Class I anti-arrhythmic drugs (n,%)
	10 (9.0%)
	12 (7.8%)
	0.730

	Amiodarone (n,%)
	30 (27.2%)
	39 (25.6%)
	0.770

	Diuretics (n,%)
	60 (54.5%)
	90 (59.2%)
	0.451

	Inotropic agents (n,%)
	16 (14.5%)
	22 (14.4%)
	0.987

	Brain natriuretic peptide (pg/ml)
	293.8±401.3
	238.2±301.8
	0.204

	Electrocardiogram
	
	
	

	  Heart rate (bpm)
	68.5±13.1
	72.5±15.7
	0.024

	  PRa interval (ms)
	176.4±26.6
	178.5±33.0
	0.584

	  QRS duration (ms)
	117.8±24.0
	115.1±27.1
	0.412

	  QTc interval (ms)
	453.5±33.9
	452.8±37.6
	0.883

	Echocardiography
	
	
	

	LV ejection fraction (n,%)
	47.8±16.8
	47.9±18.2
	0.953

	LV end-diastolic volume index (ml/m2)
	76.0±38.3
	75.7±41.5
	0.961

	LV end-systolic volume index (ml/m2)
	44.1±33.5
	44.3±36.1
	0.972

	Left atrial volume index (ml/m2)
	42.2±17.9
	36.6±17.1
	0.018

	LV end-diastolic diameter (mm)
	52.9±11.1
	51.4±11.5
	0.307

	LV end-systolic diameter (mm)
	40.5±14.2
	39.6±14.8
	0.622

	Interventricular septum thickness (mm)
	11.7±3.8
	10.9±3.3
	0.105

	Posterior wall thickness (mm)
	11.5±4.4
	10.8±2.2
	0.088

	E/A
	1.26±0.84
	1.10±0.74
	0.131

	Deceleration time (ms)
	206.5±89.5
	207.2±86.5
	0.945

	E/e’
	14.4±7.6
	13.6±6.9
	0.405


Table 3. Comparison of clinical factors between the LGE and non-LGE groups.
The abbreviations are the same as those in Tables 1 and 2.
Figure Legends
Figure 1. Patient flow chart. CMR, cardiac magnetic resonance imaging; HF, heart failure; IHD, ischemic heart disease; AF, atrial fibrillation; AVB, atrioventricular block.
Figure 2. Prevalence of AF by the time the clinical endpoints occurred. A, Comparison of prevalence of AF between the long and short PRa-interval groups. B, Comparison of prevalence of AF between the LGE and non-LGE groups. AF, atrial fibrillation; LGE, late gadolinium enhancement.
Figure 3. The incidence of cardiac events. A, The cumulative incidence curve with log rank test between the long and short PRa-interval groups. B, The cumulative incidence curve with log rank test between the late gadolinium enhancement (LGE) and non-LGE groups.
Figure 4. Cox proportional hazard model of cardiac events. Predictive values of long PRa-interval (≥173.5 ms), the presence of LGE and the combination of PRa-interval and LGE status for cardiac events are shown. HR, hazard ratio; CI, confidence interval; LGE, late gadolinium enhancement.
Figure 5. The cumulative incidence curve with log rank test among three groups. The patients (n=262) were given 1 point each for PRa-interval of ≥173.5 ms and the presence of LGE: score of 0 (n=79), score of 1 (n=123) and score of 2 (n=60).
Supplementary Figure 1. The cumulative incidence curve with log rank test among 126 patients with preserved left ventricular ejection fraction of ≥50%. Study subjects were divided into three groups based on their PRa-interval and LGE status. The patients (n=126) were given 1 point each for PRa-interval of ≥173.5 ms and the presence of LGE: score of 0 (n=36), score of 1 (n=62) and score of 2 (n=28).
Supplementary Figure 2. Cox proportional hazard model of cardiac events among 126 patients with preserved left ventricular ejection fraction of ≥50%. HR, hazard ratio; CI, confidence interval; LGE, late gadolinium enhancement.
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