
Delayed Intrinsicoid Deflection of the QRS Complex is 
Associated with Sudden Cardiac Arrest

Navid Darouian, MD*, Kumar Narayanan, MD*, Aapo L. Aro, MD*, Kyndaron Reinier, PHD*, 
Audrey Uy-Evanado, MD*, Carmen Teodorescu, MD*, Karen Gunson, MD†, Jonathan Jui, 
MD, MPH†, and Sumeet S. Chugh, MD, FHRS*

*

†

Abstract

Background—Prolongation of initial ventricular depolarization on the 12-lead ECG, or delayed 

intrinsicoid deflection (DID), can indicate left ventricular hypertrophy (LVH). The possibility that 

this marker could convey distinct risk of sudden cardiac arrest (SCA) has not been evaluated.

Objective—To evaluate the association of DID and SCA in the community.

Methods—In the ongoing prospective, population-based Oregon Sudden Unexpected Death 

Study (Oregon SUDS, catchment area approx. 1 million), SCA cases were compared to 

geographic controls with no SCA. Archived ECGs (closest and unrelated to SCA event for cases) 

were evaluated for the presence of DID defined as ≥0.05 seconds in leads V5 or V6. LV mass and 

function were evaluated from archived echocardiograms.

Results—SCA cases (n=272, 68.7±14.6 years, 63.6% male) as compared to controls (n=351, 

67.6±11.4 years, 63.3% male) were more likely to have DID on ECG (28.3% vs 17.1%, p=0.001). 

DID was associated with increased SCA odds (OR 1.92; 95% CI 1.31-2.81; p=0.001), but showed 

poor correlation with LV mass and echocardiographic LVH (kappa 0.13). In multivariate analysis 

adjusted for clinical and ECG markers, reduced LV ejection fraction and echocardiographic LVH, 

DID remained an independent predictor of SCA (OR 1.82; 95% CI 1.12-2.97; p=0.016). 

Additionally, in a sensitivity analysis restricted to narrow QRS, DID and ECG LVH by voltage 

were each independently associated with SCA risk.

Conclusion—DID was associated with increased SCA risk independent of echocardiographic 

LVH, ECG LVH and reduced LV ejection fraction, potentially reflecting unique electrical 

remodeling that warrants further investigation.
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Introduction

Sudden cardiac arrest (SCA) continues to be a leading cause of mortality in the United 

States causing an estimated 300,000 - 330,000 deaths annually, 2.0 million life years lost for 

males, and 1.3 million life years lost for females based on recent studies.1,2 The prophylactic 

implantable cardioverter defibrillator (ICD) is an established method for primary prevention 

of SCA.3-7 However, current risk stratification processes depend heavily on measurement of 

left ventricular (LV) ejection fraction (EF), now recognized to be a modest predictor of SCA 

risk.8 The LV EF as an isolated risk factor has been demonstrated to carry a low short term 

mortality risk from arrhythmic deaths of less than 5% over a two year span.9 While some 

additional risk factors beyond LV EF have been reported,10 there is considerable interest in 

finding novel risk markers for SCA identified using noninvasive and preferably inexpensive 

clinical tools. The 12-lead electrocardiogram (ECG) is a low-cost, readily available tool for 

clinical evaluation in the community.

Elevated resting heart rate, and prolongation of the QRS, QTc and JTc intervals have been 

previously associated with SCA.11-15 Intrinsicoid deflection, or R-wave peak time, 

represents the early phase of ventricular depolarization, and is defined as the time period 

from the onset of the QRS complex to the peak of the R wave.16-19 (Figure1) In previous 

studies, delayed intrinsicoid deflection (DID) ≥0.05 s in lateral precordial leads V5 and V6 

has been associated with left ventricular hypertrophy (LVH) and is included in the Romhilt-

Estes criteria for ECG diagnosis of LVH.17,19 We and others have previously reported that 

voltage or electrical LVH vs. anatomic or mass-related LVH may have distinct as well as 

overlapping effects on risk of atrial and ventricular arrhythmias.20,21 Since DID can be a 

component of electrical LVH but has not been evaluated in the context of SCA, we 

hypothesized that it may add value in SCA risk stratification over both echocardiographic 

LVH and LV ejection fraction. We therefore evaluated the potential association of DID and 

occurrence of SCA in the community.

Methods

Ascertainment of Subjects

We conducted this analysis from the ongoing Oregon Sudden Unexpected Death Study 

(Oregon SUDS). The details of this study have been previously published.13,14,20,22 Cases of 

SCA in the Portland, Oregon metropolitan area (population approximately one million) are 

identified via first responders, local hospitals, and the medical examiner’s office. In this 

study, SCA is defined as a sudden unexpected pulseless state within 1 hour of symptom 

onset in witnessed cases, and if unwitnessed, within 24 hours of last being seen alive in a 

normal state of health. Individuals with known terminal illnesses or non-cardiac causes of 

SCA are excluded. Each case is reviewed in an in-house adjudication process involving 
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three physicians prior to being included in the study. Individuals who survived the episode 

of SCA (29 of 272 cases) were also included in this study. Of the 200 cases with CAD status 

known from prior studies or autopsy, presence of significant CAD was established in 92.0%. 

Autopsy was performed in only a small minority of cases (n=12). Controls were enrolled 

from the same metropolitan area as the cases. The majority of controls (approx. 90%) were 

known to have coronary artery disease (CAD), defined as ≥ 50% occlusion of a major 

coronary artery, previous revascularization, or a history of myocardial infarction. They were 

recruited from subjects transported by emergency medical system (EMS) for complaints 

suggesting ongoing ischemia and from patients undergoing coronary angiography or visiting 

a cardiology outpatient clinic at one of the participating health systems. Subjects with CAD 

were chosen as controls since it is known from previous studies that CAD is the underlying 

cause of the large majority of SCA cases. 10

This study was approved by the institutional review boards of Cedars-Sinai Medical Center, 

Oregon Health and Science University, and all other relevant health systems.

ECG and Echocardiographic Measurements

Individuals with ECG and echocardiographic data available for evaluation from clinical 

records were included in the study. For cases, the ECG and echocardiogram evaluated were 

those prior to and closest to their cardiac arrest. For controls, the ECG and echocardiogram 

were those performed at the time of enrollment in the study or from the most recent clinical 

encounters. Subjects with history of hypertrophic cardiomyopathy, severe aortic stenosis, 

and missing ECG data were excluded from the study. Standard 12-lead ECG tracings at 

25mm/s paper speed and 10mm/mV amplitude were reviewed by two trained physicians. 

Measurements including heart rate and QRS duration were entered in the database from the 

ECG recording. The QT interval was manually measured and corrected for heart rate 

according to the Bazett’s formula (QTc). JTc intervals were obtained by subtracting the 

QRS duration from the QTc interval. As JTc durations do not have standardized intervals for 

prolonged measurements, we established the 75th percentile in controls (355ms) as our upper 

limit of normal. Intrinsicoid deflection was measured by a trained physician researcher 

(N.D.) from the onset of QRS to peak of the R wave in lateral precordial leads of V5 and V6; 

those with duration ≥ 0.05 s were recorded as delayed (Figure 1). A subset of the ECGs was 

re-measured for DID by an experienced cardiologist (A.A.) to assess interobserver 

variability (kappa-value 0.89). Subjects were categorized as having ECG LVH if they met 

either Sokolow-Lyon criteria (RV1 +SV5,6 ≥ 35 mm) or Cornell criteria (RaVL + SV3 > 20 

mm in females and > 28 mm in males).23,24

Echocardiographic LVH was defined as LV mass indices greater than 134 g/m2 for men and 

110 g/m2 for women.25 LV mass was determined based on the American Society of 

Echocardiography equation as follows (LV mass = 0.8(1.04([LVIDD+PWTD+IVSTD]3 – 

[LVIDD]3)) + 0.6 grams) 25 (LVIDD: left ventricular internal diameter in diastole, PWTD: 

posterior wall thickness in diastole, IVSTD: interventricular septal thickness in diastole). 

Severe LV dysfunction was defined as LV EF ≤35%.
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Statistical Analysis

Case-control comparisons of categorical values were performed using Pearson’s Chi-square 

tests and quantitative values using independent samples t-tests. We evaluated agreement 

between echocardiographic LVH and DID values using the Kappa statistic. Multivariable 

analysis was performed using binary logistic regression models including variables 

significant in univariate case-control comparisons to yield odds ratio (OR) for association of 

DID with SCA. In these multivariable analyses, we made adjustments for diabetes mellitus, 

chronic renal insufficiency (according to physician documentation in the medical records), 

severe LV dysfunction, resting heart rate, QRS duration, and echocardiographic LVH. We 

also adjusted for JTc prolongation and QTc prolongation in separate models. Data are 

presented as n (%) or mean ± SD, and p values ≤ 0.05 were considered statistically 

significant.

Results

Demographics

From February 1st 2002 to September 10th, 2014, a total of 2321 SCA cases with medical 

record available (mean age 63.8 ± 18.8 years; 66.5% male) were identified in the Portland, 

Oregon, metropolitan area. Of these subjects, 682 had an ECG available for analysis. When 

cases without echocardiogram were excluded, a total of 272 SCA cases and 351 controls 

were included in the final analysis (Table 1). Cases and controls were similar with respect to 

age (68.7 ± 14.6 vs. 67.6 ± 11.4 years), and sex (63.6% vs. 63.3% male). Cases were more 

likely to have a history of diabetes mellitus and chronic renal insufficiency. The traditional 

marker for risk stratification for ICD implantation, severe LV dysfunction (EF≤ 35%) was 

more common in cases than controls (25.3% vs. 12.3%, p <0.001). Echocardiographic LVH 

was more common in cases (40.8% vs. 19.8%, p <0.001).

ECG findings in Cases and Controls

Cases and controls demonstrated significant differences in ECG parameters, as shown in 

Table 1. Cases had a significantly higher resting heart rate, longer QRS duration, QTc 

intervals and JTc intervals. QTc prolongation (defined as ≥ 470 ms in women and ≥450 ms 

in men) was more common among cases as compared to controls. 56.3% of cases had JTc 

prolongation based on the 75th percentile of controls’ values defining the upper limit of 

normal (355 ms, p <0.001)

Intrinsicoid Deflection and risk of SCA

DID was observed more commonly in cases than controls (28.3% vs. 17.1%, p = 0.001) 

(Table 1). To further analyze this ECG finding, we compared all subjects with DID against 

those without the finding on ECG (Table 2). Subjects with DID were found to have longer 

QRS durations (119 ms vs. 98 ms, p < 0.001), and QTc intervals (467 ms vs. 444 ms, p < 

0.001). The JTc interval, however, was similar between the two groups (348 ms vs. 346 ms, 

p = n.s.). We also noted a greater adjusted LV mass in those with DID (120.9 vs. 107.3 

g/m2, p = 0.001). Subjects with DID were also more likely to have echocardiographic LVH 

(40.0% vs. 25.6%, p = 0.002) and severe LV dysfunction (28.5% vs. 15.0%, p < 0.001).
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Univariate analysis showed an association between DID and SCA (OR 1.92; 95% CI 

1.31-2.81, p = 0.001). In multivariable analysis that included diabetes, chronic renal 

insufficiency, severe LV dysfunction, heart rate, QRS duration, echocardiographic LVH and 

JTc prolongation, DID was associated with increased SCA odds (OR 1.82, 95% CI 

1.12-2.97, p = 0.016) (Table 3). Excluding subjects with antiarrhythmic medication did not 

change the results markedly.

Intrinsicoid Deflection vs. other ECG Parameters

The association between DID and SCA was independent of prolonged ventricular 

repolarization markers (JTc and QTc, Tables 3, 4). The univariate risk for the combination 

of DID and JTc was greater than either finding alone (OR 4.30, p <0.001). When assessed in 

a multivariable analysis with diabetes mellitus, chronic renal insufficiency, heart rate, QRS 

duration, severe LV dysfunction, and echocardiographic LVH, the presence of both DID and 

JTc prolongation nearly tripled the odds of SCA (OR 2.79; 95% CI 1.40-5.56; p = 0.004). 

When evaluated in multivariate analysis, QRS duration was not found to be an independent 

predictor of SCA (Table 3).

Intrinsicoid Deflection and Echocardiographic LVH

We evaluated the relationship between DID and increased left ventricular mass in 

association with SCA. The agreement between intrinsicoid deflection and anatomical LVH 

was poor with a Kappa value of 0.13. A total of 49 subjects had both echocardiographic 

LVH and DID, of which the majority were cases (14.3% were cases vs. 4.2%, were control 

P < 0.001). As seen in Table 3, DID and echocardiographic LVH were independently 

associated with SCA. When placed in a multivariable analysis with the aforementioned 

variables, the presence of both echocardiographic LVH and DID remained significantly 

associated with SCA (OR 2.55; 95% CI 1.24-5.24; p =0.011).

Intrinsicoid deflection and ECG-LVH sensitivity analysis

We also evaluated the relationship of DID and ECG LVH criteria in association with SCA in 

a subset of our population with QRS durations ≥ 120 ms excluded. In this analysis, 44 

(20.6%) cases and 36 (12.3%) controls were found to have DID (p = 0.012). ECG LVH was 

also more common in cases than controls (21.5% vs 12.3%, p = 0.006). Of subjects with 

DID, 23.8% were also found to have ECG LVH. In a multivariate analysis including 

diabetes mellitus, chronic renal insufficiency, severe LV dysfunction, heart rate, QRS 

duration, echocardiographic LVH, and ECG LVH, DID remained a significant predictor of 

SCA (OR 1.84; 95% CI 1.05-3.22; p = 0.032).

Discussion

We report that delayed intrinsicoid deflection, also referred to as R-wave peak time 

measured on the 12-lead ECG, is associated with SCA. This association remained 

significant in multivariate analysis after adjusting for increased LV mass as well as severely 

reduced LV systolic function. Further, in patients with narrow QRS, DID was associated 

with SCA risk independent of LVH voltage criteria. Prolongation of the early phase of 

Darouian et al. Page 5

Heart Rhythm. Author manuscript; available in PMC 2017 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ventricular depolarization, represented by the intrinsicoid deflection, therefore appears to be 

a form of electrical remodeling that is independently predictive of SCA.

A plethora of research has been published regarding the association of ventricular 

depolarization and repolarization abnormalities with SCA. QRS duration, QTc interval, JTc 

interval, LBBB, nonspecific intraventricular conduction delay (IVCD) and ECG-LVH are 

among the parameters associated with SCA in previous studies including those reported 

from Oregon SUDS.11-15,20,26,27 Based on our findings, the risk of SCA associated with 

DID was independent of these markers, thus adding yet another parameter to the growing 

list of ECG abnormalities associated with SCA. Intrinsicoid deflection is measured from the 

beginning of the QRS complex to the peak of the R-wave in the lateral precordial leads, 

consequently, DID mainly reflects slowed impulse conduction during the initial phase of left 

ventricular depolarization. DID frequently accompanies LVH, and was incorporated into 

Romhilt-Estes electrocardiographic criteria for diagnosing LVH nearly half a century ago.19 

According to a recent study on the prognostic significance of individual components of this 

LVH criteria, the presence of intrinsicoid deflection ≥0.05s was an independent predictor of 

mortality when adjusted for the other electrocardiographic components of the score.28

Not surprisingly, DID was associated with increased LV mass, LV dysfunction and 

prolonged duration of QRS complex and QTc interval in the present study. However, 

echocardiographic LVH was present only in one-third and electrocardiographic LVH in one-

fourth of the subjects with DID, suggesting that DID is not just a marker of increased LV 

mass or a byproduct of ECG-LVH, but may convey distinctive information regarding 

myocardial electrical remodeling. The risk of SCA in patients with DID remained nearly 

two-fold even after adjusting for several variables including QRS duration, JTc interval, and 

echocardiographic LVH, suggesting that DID adds prognostic information beyond just 

prolonged depolarization and repolarization, or anatomic LVH.

We and others have previously reported that a diagnosis of LVH based on 12-lead ECG 

voltage is associated with SCA independent of anatomic LVH, suggesting that in part, 

electrical remodeling may be a distinct phenomenon from increased LV mass.20 This study 

provides further insight regarding the clinical manifestations of myocardial electrical 

remodeling. DID appears to be another ECG marker that contributes to risk of 

arrhythmogenesis independent of anatomic increase in LV mass. This suggests that while 

both DID and ECG-LVH are manifestations of electrical remodeling, the pathophysiology 

may have overlapping as well as distinct aspects. In fact, these findings provide clinical 

validation for a computer modeling study that simulated how altered conduction velocity 

together with left ventricular mass and ventricular geometry altered the appearance of the 

12-lead ECG. In this model, DID was a product of both increased LV mass and electrical 

remodeling.29

In the early studies, pathophysiology of DID was postulated to be solely secondary to 

delayed conduction due to increased LV mass.16,30,31 More recently, several potential 

mechanisms responsible for slowed impulse conduction and arrhythmogenesis in the context 

of LVH, have been described. These include myocardial hypertrophy,32 remodeling of 

interstitial collagen, 33 abnormalities and altered expression of gap junctions 34 and 
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heterogeneity of myocardial repolarization. 35 While all of these abnormalities promote 

ventricular arrhythmogenesis, the specific mechanisms leading to DID still need to be better 

evaluated.

There are some limitations of our study, largely related to the inherent properties of 

community-based studies compared to alternative methodologies. Given that a large 

percentage of SCA cases have no previous history of cardiac disease, diagnostic studies such 

as ECG and echocardiogram were not available for review for all study subjects, leading to a 

potential bias. An additional limitation was that anatomic LVH was determined by the use of 

transthoracic echocardiographs instead of more advanced and sensitive studies, such as the 

cardiac MRI. Another potential limitation is the predominantly Caucasian study population, 

so these data may not necessary directly apply to other racial or ethnic groups. The strengths 

of this study include the prospective methods used in obtaining subjects from the community 

to evaluate for SCA. Since CAD is the primary underlying cause of SCA, the majority of 

controls in this study also had CAD and they were taken from the same geographical area, 

increasing the likelihood that the differences observed between cases and controls were 

specific to SCA.

Conclusion

Our findings suggest that DID is a novel 12-lead ECG marker associated with increased risk 

of SCA. The prognostic value of intrinsicoid deflection appears to extend beyond that of LV 

function and mass, or other electrocardiographic abnormalities, indicating that DID may be 

an indicator of adverse myocardial electrical remodeling. This easily obtained and widely 

available measure warrants further evaluation to evaluate its mechanistic significance and 

role as a potential predictor of increased SCA risk.
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Abbreviations

ECG Electrocardiogram

SCA Sudden cardiac arrest

ICD Implantable cardioverter defibrillator

LV Left ventricular

EF Ejection fraction

CAD Coronary artery disease

LVH Left ventricular hypertrophy

DID Delayed intrinsicoid deflection

OR Odds ratio
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CI Confidence interval
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CLINICAL PERSPECTIVES

Sudden cardiac arrest remains a leading cause of mortality at a global level and more 

effective methods of prediction and prevention are needed.The 12-lead electrocardiogram 

(ECG) is a cost-efficient, widely available clinical resource that is being re-investigated 

with great interest for this purpose. Intrinsicoid deflection represents the early phase of 

ventricular depolarization, and it is defined as the time from the beginning of the QRS 

complex to the peak of the R wave. In this community-based study, we report a 

significant and independent association between delayed intrinsicoid deflection (DID) 

Z0.05 second in the lateral precordial leads of the 12-lead ECG and sudden cardiac arrest. 

In this study, DID was associated with sudden cardiac arrest independent of left 

ventricular (LV) hypertrophy, low LV ejection fraction, and several other ECG markers. 

These findings suggest that DID may be a novel ECG marker of adverse myocardial 

electrical remodeling and needs to be investigated further as a potential clinical predictor 

of sudden cardiac death arrest.
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Figure 1. 
Example of delayed intrinsicoid deflection ≥0.05s in lead V5 identified from an archived 

electrocardiogram in a patient who eventually suffered SCA.
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Table 1

Patient Characteristics among subjects with Sudden Cardiac Arrest (Cases) and with no episodes of Sudden 

Cardiac Arrest (Controls).

All Cases
(n=272)

Controls
(n=351)

P
value

Age 68.7 ± 14.6 67.6 ± 11.4 0.312

Male 173
(63.6%)

217 (63.3%) 0.931

Hypertension 219
(80.5%)

268 (76.4%) 0.212

White Non-Hispanic 216
(79.4%)

314 (89.5%) <0.00
1

African American 33 (12.1%) 12 (3.4%) <0.00
1

Diabetes 134
(49.3%)

119 (33.9%) <0.00
1

BMI (kg/m2) 30.2 ± 9.8 30.0 ± 6.8 0.823

Cholesterol (mg/dL) 171.0 ±
48.8

172.0 ± 50.0 0.748

Current Smoker 62 (22.8%) 57 (16.2%) 0.039

Chronic renal insufficiency 100
(36.8%)

57 (16.2%) <0.00
1

Dialysis 30 (11.0%) 2 (0.6%) <0.00
1

Class I Antiarrhythmic medication 12 (2.4%) 12 (4.5%) 0.153

Class III Antiarrhythmic medication 24 (9.1%) 9 (2.7%) 0.001

Severe LV Dysfunction† 68 (25.3%) 43 (12.3%) <0.00
1

Echocardiographic LVH‡ 100
(40.8%)

66 (19.8%) <0.00
1

QRS Duration (ms) 105 ± 25 100 ± 21 0.011

QTc Duration (ms) 469 ± 48 433 ± 36 <0.00
1

QTc Prolongation§ 156
(57.4%)

78 (22.7%) <0.00
1

Heart Rate (bpm) 76.9 ± 17.6 69.4 ± 15.7 <0.00
1

JTc Duration (ms) 364 ± 45.1 334 ± 35.2 <0.00
1

JTc Prolongation (75th %)¶ 152
(56.3%)

87 (24.9%) <0.00
1

Intrinsicoid Deflection ≥ 0.05 s 77 (28.3%) 60 (17.1%) 0.001

Both JTc Prolongation and Intrinsicoid
Deflection ≥ 0.05 s

41 (15.2%) 14 (4.0%) <0.00
1

Data are presented as n (%) or mean ± SD. LV-Left Ventricular; LVH-Left Ventricular Hypertrophy; BMI-Body Mass Index

†
Severe LV Dysfunction data available for 618 subjects

‡
Echo LVH data available for 579 subjects
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§
Women ≥ 470 ms, Men ≥ 450 ms. QTc prolongation data available for 615 subjects

¶
JTc interval ≥355ms. JTc prolongation data available for 620 subjects
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Table 2

Evaluation of ECG/Echo findings in individuals with Delayed Intrinsicoid Deflection as compared to those 

with normal Intrinsicoid Deflection.

ECG Finding Delayed Intrinsicoid
Deflection (n=137)

Normal Intrinsicoid
Deflection (n=486)

value

Severe LV
Dysfunction

39 (28.5%) 72 (15.0%) <
0.
0
0
1

Heart Rate
(bpm)

71.5 ± 16.9 73.0 ± 17.0 0.364

QRS
Duration (ms)

119 ± 28 98 ± 19 <0.001

QTc Duration
(ms)

467 ± 50 444 ± 43 <0.001

JTc Duration
(ms)

348 ± 48 346 ± 41 0.
6
8
6

LV Mass
Index (g/m2)

120.9 ± 42.0 107.3 ± 37.2 0.
0
0
1

Echo LVH 50 (40.0%) 116 (25.6%) 0.
0
0
2

Data are presented as n (%) or mean ± SD. LV-Left Ventricular; LVH-Left Ventricular Hypertrophy
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Table 3

Multivariate adjusted odds ratios for SCA.

Characteristic OR (95% CI) P Value

Diabetes Mellitus 1.17 (0.79-1.74) 0.431

Chronic Renal Insufficiency 2.14 (1.36-3.38) 0.001

Severe LV Dysfunction 1.49 (0.91-2.44) 0.117

Echo LVH 1.93 (1.27-2.94) 0.002

Heart Rate 1.02 (1.01-1.03) 0.003

QRS Duration 1.00 (0.99-1.01) 0.703

JTc Prolongation (75th %) 2.70 (1.82-4.01) <0.001

Intrinsicoid Deflection ≥0.05 s 1.82 (1.12-2.97) 0.016

Each parameter adjusted for all other variables in the table. LV-Left Ventricular; LVH-Left Ventricular Hypertrophy
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Table 4

The risk of SCA associated with DID in different multivariate models

OR 95% CI P value

Univariate 1.92 1.31-2.81 0.001

Model A† 1.82 1.21-2.74 0.004

Model B‡ 1.85 1.14-3.02 0.013

Model C§ 1.82 1.12-2.97 0.016

†
Adjusted for diabetes mellitus, chronic renal insufficiency, severe LV dysfunction, and heart rate.

‡
Adjusted for diabetes mellitus, chronic renal insufficiency, severe LV dysfunction, heart rate, QRS duration, QTc Prolongation, and Echo LVH.

§
Adjusted for diabetes mellitus, chronic renal insufficiency, severe LV dysfunction, heart rate, QRS duration, JTc prolongation, and Echo LVH.
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