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Abstract

Background—Cardiac resynchronization therapy (CRT) reduces morbidity and mortality among 

individuals with dyssynchronous systolic heart failure (HF). However, patient outcomes vary with 

some at higher risk than others for HF progression and death.

Objective—To develop a risk prediction score incorporating variables associated with mortality, 

left ventricular assist device (LVAD) implant or heart transplant in recipients of primary 

prevention cardiac resynchronization therapy-defibrillators (CRT-D).

Methods—We followed 305 CRT-D patients from the Prospective Observational Study of 

Implantable Cardioverter-Defibrillators for the composite outcome of all-cause mortality, LVAD 

implant or heart transplant soon after device implantation. Serum biomarkers, electrocardiographic 

and clinical variables were collected at implant. Multivariable analysis using Cox-proportional 

hazards model with stepwise selection method was used to fit the final model.

Results—Among 305 patients, 53 experienced the composite endpoint. In multivariable analysis, 

5 independent predictors (HF-CRT) were identified: HS-CRP >9.42ng/L (HR=2.5 [1.4, 4.5]), 

NYHA Functional Class III/IV (HR=2.3 [1.2, 4.5]), Creatinine >1.2mg/dL (HR=2.7 [1.4, 5.1]), 
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Red blood cell count <4.3×106/μL (HR=2.4 [1.3, 4.7]) and cTnT >28ng/L (HR=2.7 [1.4, 5.2]). 

One point was attributed to each predictor and three score categories were identified. Patients with 

scores 0–1, 2–3 and 4–5 had a three year cumulative event-free survival of 96.8%, 79.7% and 

35.2%, respectively (log-rank, p<0.001).

Conclusion—A simple score combining clinical and readily available biomarker data can risk 

stratify CRT patients for HF progression and death. These findings may help identify patients with 

limited benefit from CRT who are in need of closer monitoring or early application of more 

aggressive circulatory support.
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cardiac resynchronization therapy; heart failure; mortality; left ventricular assist device; heart 
transplant

INTRODUCTION

Cardiac resynchronization therapy (CRT) reduces heart failure (HF) hospitalization, 

mortality, and improves quality of life among patients with dyssynchronous systolic heart 

failure (1,2). However, patients within this group are prognostically heterogeneous and vary 

in their progression to more advanced HF states (3). Our current ability to identify potential 

CRT candidates with a higher risk for death or early need of advanced circulatory support is 

limited. Hence, a pressing need exists for a comprehensive prognostic tool to address this 

knowledge gap in order to better guide application of these therapies (e.g, CRT, left 

ventricular assist device (LVAD) implantation, heart transplantation) in this cohort.

Multiple clinical and biomarker metrics have been used (4) with varying degrees of 

validation (5–7) to predict outcomes in HF patients. These prior risk modeling studies have 

been limited by highly selected patient groups and the absence of serum biomarkers now 

known to play an integral role in HF progression (8,9). We sought to identify predictors of 

mortality and early need for advanced circulatory support interventions among the cohort of 

primary prevention CRT-defibrillator (CRT-D) recipients in the Prospective Observational 

Study of Implantable Cardioverter-Defibrillators (PROSE-ICD).

METHODS

Study Design, Data Collection and Patient Follow-up

PROSE-ICD is a prospective, multi-center study that enrolled 1,189 patients with systolic 

HF undergoing primary prevention implantable cardioverter defibrillator (ICD) or CRT-D 

implantation from December 2003 till January 2013. The PROSE-ICD design and study 

protocol have been previously described (10). Briefly, all patients underwent a 

comprehensive history and cardiovascular physical examination, electrocardiographic 

(ECG) evaluation, cardiac imaging to assess ejection fraction and a blood draw. Patients 

were followed every 6 months and after any patient perceived ICD therapy. During follow-

up visits, a cardiac focused history and physical exam, signal averaged ECG, device 

interrogation and blood collection were performed. We analyzed the 305 participants who 
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received a CRT-D. The Institutional Review Board of the participating institutions approved 

the study and all participants provided signed informed consent.

Device Implantation

All patients met contemporary clinical practice guidelines for CRT-D implantation (11). 

Device programming was left to the discretion of the implanting physician. Right ventricular 

leads were targeted to the RV apex and left ventricular pacing leads were targeted to a 

lateral or posterolateral branch of the coronary sinus with care to avoid apical placement 

(12). Atrioventricular and ventriculoventricular delays were not systemically optimized but 

programmed to allow for a fully biventricular paced QRS complex with a right bundle 

branch block conduction morphology in lead V1 (13).

Biomarker Analysis

Serum biomarker analysis was carried out on baseline fasting samples as previously 

described (10). Criteria for biomarker selection relied on pathophysiologic relevance and 

supporting evidence in the literature for a prognostic role in HF (14). Four inflammatory 

biomarkers were tested using high sensitivity ELISA including high sensitivity C-reactive 

protein (HS-CRP), interleukin 6 (IL-6), IL-10, and soluble tumor necrosis factor alpha 

receptor IIa (TNF-αRIIa). Serum levels of N-terminal pro-brain natriuretic peptide (NT pro-

BNP) and markers of myocardial injury (eg, cardiac troponin T (cTnT), troponin I (cTnI), 

creatine kinase MB (CK-MB)) were also measured (see supplemental section for more 

details).

Patient Outcomes, Event Adjudication and Endpoints

The primary endpoint was a composite of all-cause mortality, heart transplant or LVAD 

implant. Long-term survival data were obtained from our study follow-up and verified with 

queries of the US Social Security Death Index. Two cardiologists adjudicated the cause of 

death using data from hospital records, death certificates and interviews with next-of-kin. 

Input from a third adjudicator was used in case of disagreement. Deaths were categorized as 

cardiac, non-cardiac, or unknown. Cardiac deaths were further classified as sudden or due to 

progressive HF. Patients who withdrew consent, had their devices explanted or turned off 

were censored. Time-to-event was calculated as time from device implant to first occurrence 

of any of the endpoint events contributing to the composite outcome. Follow-up outcomes 

were assessed at one and three years. Our pre-specified cut-off of three years for assessment 

of CRT outcomes in this analysis was chosen based on recent extended CRT trial follow-up 

as well as observational studies reporting durability of CRT benefit beyond three years (15). 

Thus, CRT-D recipients who experience poor outcomes within this time frame from CRT-D 

implant, represent a special group with limited benefit from CRT who may benefit from 

more aggressive medical therapy and alternate advanced circulatory support therapies 

(LVAD, heart transplant). Identifying this high-risk group is imperative to improve therapy 

selection and outcomes in advanced systolic heart failure patients.
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Statistical Analysis

Descriptive statistics for categorical variables are summarized as frequency (%) and 

compared among cases and non-cases using Pearson χ2 or Fischer-exact test as appropriate. 

Continuous variables are presented as mean±SD or as median (interquartile range, 25th–75th 

percentile) and compared using the unpaired student t-test or the non-parametric Wilcoxon 

Rank Sum test, respectively. Continuous variables were transformed to binary variables 

using pre-specified cut-offs to facilitate the formulation of an easily implemented score 

(Supplement Table 1). To avoid bias, pre-specified thresholds for cut-offs were either 

derived from clinical and laboratory recognized normal reference limits or from cut-offs 

validated in the literature. With the exception of cardiac enzymes where normal reference 

cut-offs were used, cut-offs for biomarker data were assigned according to the 75th 

percentile. Cox-proportional hazards models with pre-defined censorship criteria were 

implemented to account for our time-to-event data. Clinical, echocardiographic and ECG 

variables in addition to basic laboratory and biomarker data were entered in to univariable 

Cox-proportional hazards models to assess for associations with the primary endpoint at 

three years of follow-up. All variables with a p<0.05 in univariable analysis were considered 

for inclusion in the multivariable model. A p<0.05 was required for entry into the model and 

a p≥0.1 was required for removal. We employed both backward and forward stepwise 

selection in the derivation of the final multivariable model and arrived at the same final 

model using both methods. After stepwise selection, significant variables remaining in the 

model were entered into a bootstrapped Cox regression with 1,000 samples. Variables with a 

bootstrapped p<0.05 were assigned a weighted point score based on their associated hazard 

ratio and a simple score was calculated by summing all the points. Kaplan-Meier estimates 

methodology with the log-rank significance test was used to assess survival across the score 

categories. Consecutive score categories with no significant survival difference were 

combined into one category. This analysis was repeated to identify predictors of the primary 

composite outcome at one year. The validity of the proportional hazards assumption was 

verified by using the log-negative-log(Survival(t)) plot. The Breslow method was used to 

handle event ties. The final model was bootstrap validated with 1000 samples (16). The 

Harrell’s c-statistic was used to assess discriminative power and the Cox-Snell residuals 

were calculated to determine goodness of fit. A two-sided p<0.05 was considered 

statistically significant. All analyses were done using STATA 12 (StataCorp LP; College 

Station, TX).

RESULTS

Three-year Patient Outcomes

53 patients (45 deaths, 4 LVAD, 4 heart transplantation) experienced the primary endpoint. 

Mode of death was attributed to a cardiac cause in 17/45 (37.8%), non-cardiac cause in 

19/45 (42.2%) and was unable to be determined in 9 (Figure 1A). Sudden cardiac death 

(SCD) constituted 4/17 and progressive HF 13/17 of the cardiac cases (Figure 1B). 

Participants who met the primary endpoint were older, were more likely to have a history of 

atrial fibrillation, ischemic cardiomyopathy, renal dysfunction, more advanced NYHA 

functional class and be treated with loop diuretics (Table 1). In addition, anemia, low serum 

chloride and calcium, elevated red blood cell distribution width, elevated inflammatory 
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markers (eg, HS-CRP, IL-6, IL-10 and TNF-αRIIa), elevated NT-ProBNP and cTnT were 

also associated with the primary endpoint (Tables 2 and 3). In multivariable analysis, 5 

independent predictors were associated with the primary composite outcome at three-years: 

HS-CRP >9.42mg/L (hazard ratio (HR)=2.5 [1.4, 4.5]; p=0.002), NYHA Functional Class 

III/IV (HR=2.3 [1.2, 4.5]; p=0.01), serum Creatinine >1.2mg/dL (HR=2.7 [1.4, 5.1]; 

p=0.003), Red blood cell count <4.3 × 106/μL (HR=2.4 [1.3, 4.7]; p=0.007) and cTnT 
>28ng/L (HR=2.7 [1.4, 5.2]; p=0.002) (Supplement Table 2). The c-statistic of the 

multivariable model was 0.81 [0.76, 0.86]. The HR point estimates for the different 

variables were similar with overlapping confidence intervals (Figure 2A). Hence, each 

variable was assigned 1 point for the scoring construct. A simple acronym HF-CRT was 

derived reflecting the different risk factor components of the score. After combining 

contiguous score categories with no significant survival difference, three distinct score 

categories remained (category 1: score 0–1 (n=129), category 2: score 2–3 (n=142) and 

category 3: score 4–5 (n=34)). Three-year cumulative survival in the first, second and third 

categories was 96.8%, 79.7% and 35.2%, respectively (log-rank, p<0.001) (Figure 2B). In 

the third category, approximately half of the events occurred within one year of CRT-D 

implant. Given this and the current recommendations against implantation in those with less 

than 1 year survival, we examined predictors of outcomes at one year.

One Year Patient Outcomes

Within the first year of CRT-D implantation, 19 patients (17 deaths and 2 heart 

transplantation) experienced the primary endpoint. Mode of death was attributed to a cardiac 

cause in 7/17 (41.2%), non-cardiac cause in 8/17 (47%) and was unable to be determined in 

2 (Supplement Figure 1A). Sudden cardiac death (SCD) constituted 1/7 and progressive HF 

6/7 of cardiac mortality cases (Supplement Figure 1B). Predictors of the primary endpoint at 

one year included atrial fibrillation (HR=4.1 [1.5, 10.9]; p=0.006), HS-CRP >9.42 mg/L 

(HR=3.8 [1.5, 9.7]; p=0.005), serum creatinine >1.2mg/dL (HR=6.3 [2.2, 18.4]; p=0.001) 

and red blood cell count <4.3 × 106/μL (HR=3.7 [1.2,11.3]; p=0.02) (Supplement Table 3). 

The c-statistic of the multivariable model was 0.88 [0.82,0.94]. Patients with all four risk 

factors had a significantly elevated risk of mortality or progression to LVAD/heart 

transplant (66.7 %) within one year of CRT-D implant.

DISCUSSION

Among primary prevention CRT-D recipients, a simple score combining baseline clinical 

and serum biomarker data can identify patients at high (score 4–5), intermediate (score 2–3) 

and low risk (score 0–1) of death or need for advanced circulatory support within 3 years of 

CRT-D implantation. Notably, patients with four or more HF-CRT variables had a 64.8% 

probability of mortality or need for advanced circulatory support. Interestingly, half of the 

outcomes in this high risk subgroup occurred within one year of CRT implant despite the 

fact that all patients enrolled were deemed to have a meaningful 1 year life expectancy. In 

fact, individuals with atrial fibrillation, elevated hS-CRP (>9.42mg/L), elevated creatinine 

(>1.2 mg/dL) and anemia (RBC count <4.3×106/μL) were at very high risk of HF 

progression or death at one year with a specificity of 98.9% and characterize a subgroup of 

patients where CRT-D may have limited ability in modulating overall patient outcomes.
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This analysis was focused on describing patient outcomes after implantation rather than 

CRT response, a distinction worth noting. A given individual may have an ephemeral 

response to CRT (as defined by various soft or hard endpoints) soon after device implant, 

but their outcome over time may still be death or need for more advanced circulatory 

support. Hence, focusing on what the patient outcome is after implantation may have more 

meaningful impact on overall patient management. The HF-CRT score is focused on 

outcome-based risk-stratification in a way that may better inform clinicians on the optimal 

management of these patients.

HF-CRT: Clinical Variables Associated with Risk of Death or Heart Failure Exacerbation

The variables identified in our study are aligned with several earlier studies. Advanced HF 

status (9), CKD (17,18) and anemia(19) have been previously reported to impart an 

increased risk for death and HF progression and it is not surprising that these variables 

significantly contributed to our risk score. CKD, in particular, is present in approximately 

40% of CRT candidates (17). Despite consistent reductions in morbidity and mortality 

among CKD and non-CKD patients from CRT, patients with CKD do experience a higher 

rate of adverse outcomes. In addition, anemia has been shown to be an independent 

predictor of poor outcomes in HF patients likely through mechanisms related to myocardial 

ischemia, increased hemodynamic load and neurohormonal activation. While many of the 

variables identified in our analysis predicted both one year and three-year outcomes, a 

history of atrial fibrillation appeared as a significant predictor in the one-year model only. 

Recently, there has been increasing appreciation of the impact of atrial fibrillation burden on 

CRT outcomes (20,21). CRT patients with persistent atrial fibrillation have been shown to 

experience worse outcomes when compared to patients in sinus rhythm (21). On the other 

hand, patients with paroxysmal atrial fibrillation have been shown to derive equal benefit 

and experience similar survival when compared to CRT patients in sinus rhythm (22). Our 

data lack the granularity for the type of atrial fibrillation that was present as well as the 

degree of biventricular pacing following CRT implant. It may be that patients with higher 

burden of atrial fibrillation experienced early adverse outcomes and thus atrial fibrillation 

was a predictor at 1-year. Longer follow up analyses necessarily selected “healthier” 

patients, thus leaving patients with lower burden of atrial fibrillation for the 3 year analysis.

HF-CRT: Serum Biomarkers Associated with Risk of Death or Heart Failure Exacerbation

Inflammation and subclinical myocardial injury contribute to the pathogenesis and 

progression of HF. In a study of 65 CRT patients, elevated pre-implant HS-CRP has been 

shown to predict echocardiographic non-response and cardiac mortality (23). Other 

inflammatory mediators including TNF-alpha, IL-10 and IL-6 have also been associated 

with CRT response (24). Our findings extend observations made in these early studies. 

While elevations in inflammatory markers are associated with poorer outcomes, we found 

HS-CRP to be the strongest predictor. Similarly, elevated cTnT levels, a common finding in 

chronic HF patients, have been shown to be an independent predictor of HF progression and 

mortality in CRT recipients (25).
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Previous CRT Prediction Scores

Prior studies have generated risk scores to predict CRT patient outcomes. A recent paper 

identified NYHA functional class IV, eGFR <60 ml/min/1.73m2, age ≥70 years, atrial 

fibrillation and ejection fraction <22% to be associated with mortality over a mean follow-

up of 36.2 ± 29.2 months (8). Another study looking at predictors of long-term mortality in 

CRT found larger left ventricular end-systolic volume, less distance covered in the 6 min 

walking test, poor renal function, more severe heart failure, male gender, and presence of 

atrial fibrillation, no posterolateral left ventricular (LV) lead, and no LV dyssynchrony to be 

associated with poor prognosis after CRT (9). While the variables incorporated in our 

scoring construct are similar to prior reports, it is our hope that a simplified score combining 

clinical and biomarker data such as the HF-CRT is easier to remember and apply. More 

importantly, we focused our endpoint to include not just mortality but other events that 

could guide decision making when there is clinical equipoise between CRT-D implantation 

and application of more advanced circulatory support solutions such as LVAD implantation 

or heart transplant.

Given the difference in focus from a scoring system centered on CRT response, it is not 

surprising that our scoring construct did not include commonly known variables such as 

baseline QRS duration and morphology. In fact, prior studies aimed at patient survival after 

CRT implant also did not identify QRS duration or morphology as being statistically 

significant. Gasparini et al. found no difference in survival after CRT implantation among 

patietns with baseline QRS durations between 120–149 ms and 150–199 ms (26). In 

addition, Dupont et al. found that while baseline QRS duration and morphology modulate 

CRT response, these variables had minimal effect in predicting a clinical composite outcome 

that included LVAD implant, heart transplant or death (27).

While the clinical variables identified in our study findings are aligned with prior reports, 

our study is unique in its incorporation of serum-based biomarkers for risk prediction. 

Identifying these variables as being important in predicting death or need for early advanced 

circulatory support underscores the importance of inflammation and subclinical ischemia in 

the mechanisms of HF progression. Our data suggest that elevated levels of inflammatory 

and ischemic markers may identify individuals at higher risk for early death or need for 

advanced circulatory support despite CRT implantation.

Limitations

This study has a few limitations. First, the proportion of CRT-D recipients from PROSE is 

small and its composition (e.g., 36.4% ischemic) may limit its applicability to all CRT 

patients. Furthermore, the size of this cohort limited our ability to assess predictors of the 

different modes of death. Nevertheless, this multi-center cohort is one of the most 

extensively phenotyped primary prevention cohorts described and represents a more racially 

diverse group than prior reports. Second, we attempted to use variables that are commonly 

collected in usual standard practice. Hence, information typically obtained from advanced 

imaging (e.g., cardiac magnetic resonance imaging for myocardial scar, detailed 

echocardiographic measurements) was not used in the derivation of our score. Third, data on 

final left ventricular lead location and its relation to scar tissue was not collected. Fourth, 
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certain serum variables including albumin, uric acid and lipid levels were not accounted for 

in our score derivation because of missing data. In addition, our score was not validated in a 

separate population but was internally validated using bootstrapping methodologies. Further 

validation of our findings in larger cohorts is needed. Finally, our cohort lacked follow-up 

data on functional status, therefore, we were unable to include measures of quality life in our 

composite endpoint. Nevertheless, we focused on hard endpoints in the derivation of our 

score as functional status improvement may be ephemeral and not necessarily correlate with 

ultimate patient outcomes.

Conclusion

The HF-CRT score is derived from a racially diverse and extensively phenotyped primary 

prevention CRT cohort that better identifies individuals with limited benefit from CRT 

implant who are at higher risk for poor patient outcomes. While further validation in larger 

cohorts will be needed, this information can potentially guide decision-making in 

individuals with advanced dyssynchronous HF when there is clinical equipoise between 

CRT-D implantation and use of more advanced circulatory support interventions.
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CLINICAL PERSPECTIVES

Comprehensive risk prediction scores incorporating multiple pathophysiologic 

determinants in advanced heart failure (HF) patients eligible for CRT is critically needed 

to guide clinical decision-making especially where there is clinical equipoise between 

CRT-D implantation and application of more advanced circulatory support interventions. 

Leveraging pre-implant clinical, ECG and serum biomarker data from a primary 

prevention CRT recipient cohort, we developed a five-component risk score (HF-CRT: 
HS-CRP >9.42mg/L, NYHA Functional Class III/IV, Creatinine >1.2mg/dL, Red blood 

cell count <4.3 × 106/μL and cTnT >28ng/L) for the composite outcome of LVAD 

implant, heart transplant or death at three-years following CRT implant. Patients with 

scores 0–1, 2–3 and 4–5 had a three year cumulative event-free survival of 96.7%, 78.6% 

and 33.3%, respectively (log-rank, p<0.001). Application of this scoring construct in 

patients with dyssynchronous systolic HF may better guide clinical management and 

potentially lead to improvement in patient outcomes.
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Figure 1. 
A. Mode of death at three years follow-up classified as cardiac versus non-cardiac cause and 

B. Mode of cardiac death at three years follow-up defined as congestive heart failure (CHF) 

related or sudden cardiac death (SCD)
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Figure 2. 
A. Forest plot showing multivariable HRs associated with predictors included in HF-CRT 

score B. Plot of Kaplan Meier estimates of three-year survival free of primary composite 

endpoint according to HF-CRT score categories
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Table 1

Baseline characteristics grouped by primary composite outcome status at three years follow-up

Baseline Characteristics Primary Composite Outcome † P-Value

Yes (N = 53) No (N = 252)

Age (years) ‡ 67.3 ± 12.8 61.8 ± 12.3 0.003

Male (%) 39 (73.6) 154 (61.1) 0.09

Race (%) 0.86

 African American 17 (32.1) 63 (25)

 White Caucasian 35 (66) 177 (70.2)

 Other 1 (1.9) 12 (4.8)

Body Mass Index (kg/m2) 28.8 ± 7.0 29.6 ± 6.1 0.40

Systolic blood pressure (mmHg) 120.3 ± 19.1 124.5 ± 21.9 0.19

Diastolic blood pressure (mmHg) 70.1 ± 11.8 73.3 ± 11.4 0.06

Heart rate (beats/min) 78.7 ± 19.0 75.8 ± 15.8 0.24

QRS (ms) 149.8 ± 29.5 147.2 ± 25.8 0.53

QTc (ms) 490.2 ± 41.3 476.9 ± 47.9 0.06

LBBB (%) 27 (50.9) 132 (52.4) 0.85

NYHA Class (%) ‡ 0.02

 I 4 (7.6) 28 (11.1)

 II 12 (22.6) 104 (41.3)

 III 37 (69.8) 116 (46)

 IV 0 (0) 4 (1.6)

Ejection fraction (%) 19.6 ± 7.9 20.9 ± 7.2 0.25

Ischemic Cardiomyopathy (%) ‡ 26 (49.1) 85 (33.7) 0.04

History of Myocardial Infarction (%)‡ 20 (37.7) 61 (24.2) 0.04

History of CABG (%) ‡ 18 (34.0) 42 (16.7) 0.004

History of PCI (%) 15 (28.3) 44 (17.5) 0.07

Diabetes (%) 23 (43.4) 88 (34.9) 0.24

Hypertension (%) 35 (66.0) 147 (58.3) 0.30

Dyslipidemia (%) 26 (49.1) 109 (43.3) 0.44

Chronic kidney disease (%) ‡ § 28 (52.8) 76 (30.2) 0.002

Atrial fibrillation (%) ‡ 24 (45.3) 65 (25.8) 0.01

Smoking (%) 41 (77.4) 164 (65.1) 0.08

Family History of Sudden Cardiac Death (%) 15 (28.3) 72 (28.6) 0.97

Family History of Myocardial Infarction (%) 24 (45.3) 112 (44.4) 0.91

Medications

Beta Blocker (%) 45 (84.9) 227 (90.1) 0.27

ACE-I (%) 32 (60.4) 177 (70.2) 0.16

ARB (%) 13 (24.5) 56 (22.2) 0.72

Aldosterone Antagonist (%) 20 (37.7) 69 (27.4) 0.13
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Baseline Characteristics Primary Composite Outcome † P-Value

Yes (N = 53) No (N = 252)

Statin (%) 36 (67.9) 156 (61.9) 0.41

Loop Diuretic (%) ‡ 46 (86.8) 177 (70.2) 0.01

Thiazide (%) 8 (15.1) 26 (10.3) 0.32

Calcium Channel Blocker (%) 9 (17.0) 25 (9.9) 0.14

Digoxin (%) 19 (35.9) 70 (27.8) 0.24

Aspirin (%) 35 (66.0) 152 (60.3) 0.44

Clopidogrel (%) 8 (15.1) 34 (13.5) 0.76

†
Composite Outcome: All-cause mortality, LVAD implant or Heart Transplant

‡
P-Value < 0.05

§
Chronic kidney disease is defined as estimated glomerular filtration rate < 60 ml/min/1.73m2

ACE-I: Angiotensin Converting Enzyme Inhibitor; ARB: Angiotensin II Receptor Blocker; CABG: Coronary Artery Bypass Graft; LBBB: Left 
Bundle Branch Block; NYHA Class: New York Heart Association Class; PCI: Percutaneous Coronary Intervention.
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Table 2

Basic laboratory data grouped by primary composite outcome status at three years follow-up

Laboratory Data Primary Composite Outcome † P-Value

Yes (N = 53) No (N = 252)

Sodium (meq/L) 139.1 ± 3.7 139.1 ± 3.0 0.97

Potassium (meq/L) 4.2 ± 0.5 4.2 ± 0.4 0.60

Chloride (meq/L) ‡ 101.8 ± 4.1 103.0 ± 4.1 0.046

Blood Urea Nitrogen (mg/dL) ‡ 30.5 ± 16.1 22.4 ± 9.4 < 0.001

Creatinine (mg/dL) ‡ 1.6 ± 0.8 1.1 ± 0.4 < 0.001

Estimated glomerular filtration rate (ml/min/1.73m2) ‡ § 56.0 ± 25.0 73.2 ± 22.7 < 0.001

Calcium (mg/dL) ‡ 9.1 ± 0.6 9.3 ± 0.6 0.03

Magnesium (mg/dL) 1.7 ± 0.2 1.7 ± 0.3 0.80

White Blood cell count (/μL) 7702.1 ± 2728.7 7373.5 ± 2618.3 0.41

Red blood cell count (x106/μL) ‡ 4.1 ± 0.6 4.4 ± 0.6 < 0.001

Hemoglobin (g/dL) ‡ 12.3 ± 1.7 13.3 ± 1.8 < 0.001

Hematocrit (%) ‡ 37.4 ± 4.9 39.7 ± 4.7 0.002

Mean corpuscular volume (fL) 91.0 ± 6.0 89.9 ± 5.4 0.18

Red cell distribution width (%) ‡ 15.2 ± 1.5 14.3 ± 1.7 < 0.001

Platelets (x103/μL) 217.3 ± 72.6 210.3 ± 57.9 0.51

†
Composite Outcome: All-cause mortality, LVAD or Heart Transplant.

‡
P-Value < 0.05.

§
Estimated glomerular filtration rate was calculated using the CKD-EPI equation.
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Table 3

Biomarker data grouped by primary composite outcome status at three years follow-up

Biomarker Data Primary Composite Outcome † P-Value

Yes (N = 53) No (N = 252)

HS-CRP (mg/L) ‡ 10.4 (4.3 – 17.8) 3.0 (1.3 – 6.9) <0.001

HS-IL-6 (pg/ml) ‡ 4.1 (2.1 – 7.7) 1.7 (1.0 – 3.1) <0.001

TNF-αRIIa (ng/ml) ‡ 4.8 (3.1 – 6.3) 3.1 (2.3 – 4.4) <0.001

IL-10 (pg/ml) ‡ 1.9 (1.3 – 3.9) 1.3 (0.9 – 2.5) 0.003

NT-pro-BNP (ng/L) ‡ 4500 (2900 – 8800) 2600 (1700 – 3800) <0.001

Cardiac Troponin T (ng/L) ‡ 32(5 – 88) 4 (0 – 29) <0.001

Cardiac Troponin I (ng/L) 23 (0 – 82) 11 (0 – 51) 0.12

CK-MB (ng/ml) 2.8 (1.7 – 4.3) 2.6 (1.6 – 4.2) 0.37

†
Composite Outcome: All-cause mortality or LVAD or Heart Transplant

‡
P-Value < 0.05

CK-MB: creatine kinase MB; HS-CRP: high sensitivity C-reactive protein; HS-IL-6: high sensitivity interleukin 6; IL-10: interleukin 10; NT-
proBNP: N-terminal pro-brain natriuretic peptide and TNF-αRIIa: soluble tumor necrosis factor alpha receptor II
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