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Abstract

Background: Cardiac resynchronization therapy (CRT) response stratified by left ventricular
(LV) remodeling revealed differing mortality profiles for distinct patient cohorts. Measuring
functional endpoints, as well as mortality, may better assess CRT efficacy and inform patient
management. However, the association between LV remodeling and functional outcomes after
CRT is not well understood.

Objective: To evaluate long-term CRT outcomes by extent of LV remodeling.

Methods: REsynchronization reVErses Remodeling in Systolic Left vEntricular Dysfunction
(NCT00271154) was a prospective, double-blind, randomized CRT trial. Patients were
classified based on LV end-systolic volume (LVESV) change from baseline to 6-months post-
CRT: Worsened (increase); Stabilized (0 to <15% reduction); Responder (>15 to <30%
reduction); and Super-responder (>30% reduction). Subjects were evaluated annually for 5
years.

Results: The analyses included 353 patients randomized to CRT-ON arm. All-cause mortality
was higher in the worsened group compared with the 3 other response groups (29.8% vs 8.0%,
p<0.0001), with no difference in survival among those groups (p=0.87). A significant
interaction between LVESV group and time was observed for health status and quality of life
(both p=0.02). The interaction was not significant for 6-minute hall walk (p=0.79); however,
super-responders had increased walk distance compared to the 3 other response groups
(p=0.03).

Conclusion: Preventing further increase in LVESV with CRT was associated with reduced
mortality, whereas functional measure improvement was associated with LV remodeling

magnitude. These results support consideration of functional and mortality endpoints to assess


https://clinicaltrials.gov/ct2/show/NCT00271154?term=REVERSE&recrs=e&cond=Heart+failure&fund=2&draw=2&rank=1
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CRT efficacy and provide further evidence the dichotomous ‘responder and non-responder’
classification should be modified.
Keywords: Cardiac Resynchronization Therapy; response; heart failure; remodeling; mortality;

quality of life; exercise capacity
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Introduction

Heart failure with a reduced ejection fraction (HFrEF) is a progressive process that can be
effectively treated in selected cohorts with cardiac resynchronization therapy (CRT).}” CRT
improves survival, exercise capacity, and quality of life, while reducing heart failure (HF)
hospitalization among patients with both mild, moderate, and advanced HFrEF in the presence of
QRS prolongation. Large multicenter, randomized trials have consistently shown the benefit of
CRT in these cohorts. The current method of assessing CRT benefit classifies patients as
‘responder or non-responder’ based on arbitrary cut-offs for clinical and/or echocardiographic
measures of response, such as left ventricular end-systolic volume (LVESV), to measure the
extent of reverse remodeling. Approximately 30% of CRT patients are classified as ‘non-
responders’ using the traditional dichotomous CRT response classification; however, this
approach may underestimate the true clinical benefit of CRT, so alternative classification

methods have been proposed.81°

The traditional ‘non-responder’ group includes patients that worsen as well as those that
stabilize after CRT. Recent evidence demonstrated a favorable CRT response among patients
with early stabilization of disease progression (neither improved nor worsened LV function at 6-
months post CRT) as they have better survival than those who worsen over time.® ° Stabilized
patients are a unique cohort, and therefore should not be considered ‘non-responders’. Some
patients have an early “super-response” to CRT (normalization or near-normalization of LV
function at 6-months post CRT) and may experience maximal benefit; however, super-
responders are not extensively studied.*> 12 These collective findings support revision of the
current dichotomous classification of response, as multiple unique CRT response cohorts exist.

In addition to mortality, patient quality of life and functionality measures are important factors
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for assessing CRT therapy benefit and important for patients. However, little is known about the
relationship between the magnitude of early response, such as LVESV change, and these
outcomes. A better understanding of this relationship, as well as baseline characteristics or
“phenotypes” of distinct CRT response cohorts, may enhance knowledge of patient selection and

allocation of patient management resources.

The current study was a post-hoc analysis of patients enrolled in the large randomized controlled
trial (Resynchronization Reverses Remodeling in Systolic Left Ventricular Dysfunction or
REVERSE). The aims of this analysis were to evaluate baseline ‘phenotypes’ and long-term
outcomes of four early CRT response cohorts determined by the magnitude of LV remodeling
(measured by LVESV change) at 6-months post-CRT. Moreover, we evaluated multiple different
outcome measures to determine whether the relationship between the magnitude of LV

remodeling and individual outcomes differ.
Methods
Study design

REVERSE (NCT00271154) was a prospective, multicenter, international, double-blind,
randomized trial of CRT in patients with mild HF. Details regarding the study design were
previously published.***® The study protocol complied with the Declaration of Helsinki and was
approved by the institutional review board or ethics committee of each center. All study patients

gave written informed consent to participate in the trial.
Patients and procedures

Patients included in the trial exhibited mild HF (New York Heart Association (NYHA) Class
I/11), sinus rhythm with QRS duration > 120ms, left ventricular end-diastolic diameter (LVEDD)

6
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> 55mm, and left ventricular ejection fraction (LVEF) < 40%. Additional details on the
inclusion and exclusion criteria were reported elsewhere.'® Baseline data were collected prior to
implant including medical history, NYHA Class, patient-reported health status (measured by
Kansas City Cardiomyopathy Questionnaire (KCCQ) overall summary score), Quality of Life
(measured by Minnesota living with heart failure® Questionnaire or MLHFQ), 6-minute walk
test (6MWT), and a full echocardiogram. KCCQ and MLHFQ scores provide complimentary
information since KCCQ overall score reflects integrated information on physical limitations,
symptoms, self-efficacy, social interference and quality of life is a measure of health status,
whereas the Minnesota score provides how the HF condition restricted the quality of life of the
patient. Eligible patients were implanted with a Medtronic CRT system with or without
defibrillation capability in accordance with country or region-specific guidelines.!’*° Patients
with a successful CRT system implant (n=610) were then randomized in a 2:1 fashion to either a
CRT-ON (n=419) or a CRT-OFF (n=191) group. During the 12-month randomization period in
North America and 24 months in Europe, patients were evaluated at 1, 3, 6, 12, 18 and 24
months in a blinded fashion for MLHFQ, KCCQ overall summary score, and 6MWT. A full
echocardiography assessment was completed at 6-month post-implant. Following the
randomization period, all patients were converted to CRT-ON and further evaluated annually for
up to 5 years in an unblinded fashion (including annual assessment for MLHFQ, KCCQ overall
summary score, and 6MWT). The current analyses of outcomes only included the patients
initially randomized to the CRT-ON group with adequate, paired echocardiograms at baseline
and 6-month post-implant. The CRT-OFF group was used only to compare patient

characteristics associated with response classification.

CRT Response Classification
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Echocardiograms were obtained at baseline (before CRT implantation) and 6 months after active
CRT (CRT-ON). For the echocardiography procedure, CRT was temporarily inactivated.
Collected data were analyzed by 1 of 2 core laboratories blinded to group assignment. For each
patient, the paired left ventricular end-systolic volume (LVESV) measurements at baseline and 6
months post-CRT implant were compared. Patients were classified into 1 of 4 CRT response
categories based on the change in LVESV post-CRT (expressed as a percent change): Worsened
(any increase), Stabilized (0 to <15% reduction), Responder (>15 to <30% reduction), and Super

Responder (>30% reduction).

Endpoints

The primary endpoint for this analysis was all-cause mortality. Additional endpoints include a
composite measure of time to first heart failure hospitalization or all-cause mortality, as well as
improvement in patient-reported health status (KCCQ overall score), quality of life (MLHFQ),

and exercise capacity (6MWT).

Statistical analysis

Baseline variables were compared between groups using ordered univariate logistic regression
for continuous variables and chi-square tests for dichotomous variables. P-values less than 0.05
were considered statistically significant. The distribution of responder groups between CRT-ON
and CRT-OFF was compared using the chi-square test. All-cause mortality and the composite
endpoint with first heart-failure hospitalization were analyzed using Cox proportional hazards
models, with LVESV responder group as the independent variable, along with adjustment for
statistically significant baseline variables by including them as covariates in the model (age, sex,

ischemic/non-ischemic, CRT-P/CRT-D, LBBB/non-LBBB, LVEF, QRS duration, and diabetes).
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A total of 4 Cox models were created: A 4-level LVESV responder group model and a 2-level
(worsened vs. the rest) for each of the two endpoints. Mean changes from baseline for KCCQ,
MLHFQ, and 6MWT variables were compared between groups using a repeated measures linear
regression, including all time points where there was a value, with LVESV responder group as
an independent variable, along with time and their interaction, and adjusting for statistically

significant baseline variables by including them as covariates.

Results

Patients, Baseline Characteristics, and LVESV Responder Groups

Among the 419 patients randomized to the CRT-ON group, six patients died prior to the 6-month
follow up and 60 other patients were excluded due to missing or inadequate paired LVESV
measurements. Accordingly, 353 patients were included in the current analysis. Based on the
percent change in paired baseline to 6-month LVESV measurements, there were 99 (28%) super
responders, 84 (24%) responders, 81 (23%) stabilized, and 89 (25%) worsened patients. Table 1
shows baseline characteristics of each group. The super responder group had a higher percentage
of females, non-ischemic cardiomyopathy, LBBB-morphology, and longer baseline QRS
duration. In contrast, the worsened group had a higher percentage of males, ischemic
cardiomyopathy, non-LBBB morphology, and higher baseline LVEF. A comparison of
distribution of response groups for the CRT-ON and CRT-OFF cohorts is shown in Table 2.
There was a highly significant difference between groups with more responders and super
responders and fewer stabilized and worsened subjects (p < 0.0001) among the CRT-ON group
as compared to the CRT-OFF group. This finding supports that responder classification was not

simply due to baseline characteristic, but strongly dependent on the presence of CRT.



166  Mortality and HF Hospitalization

167  Of the 353 patients, 27 (7.6%) exited prior to 60-months post-implant. Fifteen of the 27 remained
168 in the study at least 3 years. All these exited patients were censored at the time of exit in the

169  survival analyses. There was a total of 45 deaths (12.7%) during the 6-month to 5-year follow up
170  period. Mortality rates at 60 months post-implant were 6.1% for super responders, 7.9% for

171 responders, 10.6% for stabilized, and 29.8% for worsened. After adjusting for baseline

172 variables, mortality was significantly different between the subgroups (p=0.02; Figure 1). There
173 was, however, no difference in survival among the super responder, responder, and stabilized

174  subgroups (adjusted p=0.87), supporting the concept that patients considered stabilized are a

175  distinct cohort with 5-year mortality rate lower than the worsened group but statistically similar

176  to the responder groups.

177  For the composite endpoint (time to first heart failure hospitalization or all-cause mortality), a
178  trend towards a difference in event rates at 5 years was observed (adjusted p=0.09; Figure 2).
179  Comparing the worsened group to the other 3 groups combined, the heart failure hospitalization
180  or all-cause mortality rates at 60 months post-implant were 39.3% and 19.2%, respectively

181  (adjusted p=0.06). The responder event rate was numerically higher than the stabilized or super
182  responder rate. None of these differences were statistically significant, which may reflect the

183  relatively low event rates in these groups of mild heart failure patients.

184  Patient-Reported Health Status, Quality of Life and Exercise Capacity

185  The relationship between the magnitude of LV remodeling and the change in patient-reported
186 health status (KCCQ overall summary scores) is shown in Figure 3. At each time point post-

187  randomization, there was an improvement in KCCQ overall summary scores. The amount of
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improvement was incremental with increased magnitude of LV remodeling. Moreover, the
magnitude of this improvement was very large compared with standard criteria for clinically
meaningful differences.'® This trending relationship was consistent over the 5-year follow up
period. Even when adjusted for baseline variables, the interaction between LVESV group and

time was significant (p=0.02), indicating that the groups are changing differently over time.

Similar results were observed with the MLHFQ (Figure 4). The super responder group had the
largest mean improvement in MLHFQ score, with a consistent 10+ point group average above
baseline throughout the study period. The responder group had a larger mean improvement in
MLHFQ scores than that of the stabilized or worsened group throughout the study period,

despite some decreases over time. Although the stabilized group had a mean improvement in

MLHFQ score equivalent to that of the worsened group at 6 months, at all subsequent follow-ups

the MLHFQ score averages were numerically higher in the stabilized group. After adjusting for

baseline covariates, the interaction between LVESV group and time was statistically significant

(p=0.02).

The relationship between the magnitude of LV remodeling and the change in exercise capacity
(distance walked during a 6MWT) is shown graphically in Figure 5. The interaction between
LVESV group and time was not statistically significant (p=0.79). However, improvement in
6MWT was better in the super responder group than others. A test comparing the super
responders vs. the other 3 groups, adjusting for time and baseline variables was statistically

significant (p=0.03).

Discussion

11
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Our findings indicate that preventing further increase in LVESV by CRT was associated with
reduced mortality. Secondly, improvement in functional measures by CRT was associated with
LV reverse remodeling response. These results support consideration of functional and mortality
endpoints to assess CRT efficacy and provides further evidence the dichotomous ‘responder and

non-responder’ classification should be modified.

Previous results challenged the classification of CRT response using the clinical composite or
reverse remodeling endpoints to divide patients dichotomously into either responders or non-
responders.® 1° Treating response as a continuum of care without dichotomization has been
emphasized more recently based on a growing body of evidence in favor of this approach.®
Moreover, it is now clear that stabilizing heart failure with CRT, even if the traditional endpoints
of responder are not met, is associated with reduced mortality compared with those who continue
to worsen.® 1% However, little is known about whether normalization or near normalization of LV
function (i.e. super responder) is associated with better survival or fewer heart failure
hospitalizations.!? In addition, the effect of CRT response classification on functional endpoints,

such as exercise capacity or quality of life, are not well studied.

We report 4 major findings. First, mortality is higher among patients who continue to remodel
despite CRT (worsened subgroup), whereas there are no significant differences among subjects
who stabilize, respond, or super respond. This difference persisted over five years despite
adjustments of patient characteristics. Second, heart failure hospitalizations also show similar
event rates in all groups, but with a higher rate among the worsened subgroup. Third, changes in
quality of life generally follow a continuum with separation between the groups clear by one
year and persisting throughout the duration of study follow-up, though the stabilized group

improvement was similar to the worsened group. After a potential placebo effect initially,
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exercise capacity improvement seems to be restricted to super responders, though factors other
than cardiac function may be contributing to the decline in hall walk distance over time. Fourth,
simple clinical predictors of the 4 categories of response are associated with distinct clinical
“phenotypes.” Specifically, gender, etiology of heart failure, baseline QRS morphology and
QRS duration are significantly different between groups (Table 2), which extends this well

documented relationship with binary classifications of response.

Quality of life, health care status, and exercise capacity were some of the first endpoints assessed
with early CRT clinical trials.!: 2 However, these “softer” endpoints were considered less
important when studies with longer follow-up evaluated mortality and heart failure
hospitalization as primary endpoints.*®* Moreover, there is concern of a placebo effect of device
implantation, which may over-estimate benefit.2% 2! This is unlikely to be contributing to the
outcome of the present study, as REVERSE was a double-blind study during the randomization
phase with device implantation in both groups. Thus, the changes noted in the first year of
follow-up were during a period when the differences between groups were already evident.
Furthermore, it is now clear that optimizing the care of CRT patients should not only include
prolonging life and reducing hospitalization, but also improving functional status and quality of

life.®

An intriguing and important aspect of our results was the disparate effect of the magnitude of
reverse remodeling on different endpoints. Only those patients who worsened with CRT, as
measured by continued increase of LVESV, had a higher mortality and more frequent heart
failure hospitalizations. This could be interpreted as indicating that simply preventing continued
remodeling is a sufficient goal for CRT. However, quality of life and patient-reported health

status continued to improve further as more reverse remodeling occurred. These results provide

13
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strong support for maximizing CRT response rather than simply avoiding further remodeling.
The results of 6-minute hall walk were more complex only showing a clear improvement among
super responders. This may reflect factors other than heart failure status, such as orthopedic

issues or the ageing process, which may have a larger impact on this parameter.

This study should be interpreted in light of certain methodologic limitations. First, all analyses
were post-hoc. Second, REVERSE included only patients with mild heart failure with a lower
mortality rate than more advanced heart failure patients, so the results cannot be extrapolated to
such patients. However, a more recent analysis of patients with advanced heart failure showed
that stabilized patients have a lower mortality and heart failure hospitalization rate than those
who worsen, although responders did better than those who stabilized. Super responders and
other endpoints were not evaluated in that study.® Third, group classification was based on
echocardiographic measures which may be less reproducible than some other imaging
modalities. However, the concordance correlation coefficient in REVERSE was very high (0.90)
for LVESVi.?? This analysis focused on the change in LVESV, a measure routinely used in CRT
trials and a prospectively powered endpoint of the REVERSE study. However no additional
echocardiographic measures (e.g., LVEF) were used. Fourth, the number of events was relatively
small, which may have led to inadequate statistical power to show differences in some of the
analyses. Although CRT response is noted to be greatest among patients with LBBB, responder
groups were under-powered to compare LBBB to non-LBB (data not shown). Finally,
enrollment in REVERSE occurred during a time when only bipolar left ventricular leads were
available, and techniques were not available to maximize lead position. More recent advances in

technology, programming, and medical therapy are likely to improve CRT outcomes.?32°

Conclusion
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The study provides further evidence that CRT patients with stabilized disease progression have
very low mortality and heart failure hospitalization rates in mild heart failure compared to those
who worsen. Thus, they should not be considered non-responders. This was reinforced in a
cohort of more advanced heart failure.*® Stratification of patients into multiple cohorts based on
the magnitude of response provides a better estimation of the clinical benefit of CRT. This
stratification should also better inform clinical resource allocation, with demand increasing as the
magnitude of CRT response decreases. Patients who continue to remodel (or worsen) have poor
outcomes and need intensification of care to improve therapy (e.g., repositioning leads,
inactivating CRT, and optimizing programming and medical therapy), while clinical resource
utilization may be reduced for patients with a maximal reverse remodeling (or super-response).
Maximizing the reverse remodeling response is an important goal for heart failure management,
as a larger response is associated with improved quality of life, health status, and exercise

capacity.
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Tables

Table 1: Baseline Characteristics

Super
Responder Responder Stabilized Worsened

(n=99) (n=84) (n=81) (n=89) P-value
Age, mean (yrs.) 60.6 £ 11.7 64.1+£11.0 62.9+9.2 64.6 £ 9.6 0.02
Male (%) 61.6 72.6 84.0 89.9 <0.0001
Ischemic etiology (%6) 37.4 54.8 63.0 74.2 <0.0001
CRT-D (%) 73.7 78.6 93.8 84.3 0.004
NYHA 11 (%) 80.8 85.7 79.0 79.8 0.68
LBBB 81.6 68.7 51.9 43.2 <0.0001
LVEF (%) 25.8+6.0 27.2+6.7 27.1+6.7 28.8+6.9 0.004
LVESVi (ml/m?) 104.0 £ 34.3 97.1+33.1 100.7 £ 37.0 95.2+345 0.14
QRS (ms) 160.3+21.2 | 153.4+£19.8 | 149.0+18.1 147.0+£21.1 <0.0001
Diabetes (%) 17.2 191 17.3 33.7 0.02
ACE Inhibitor or ARB 97.0 96.4 93.8 97.8 0.56
(%)
Beta-blocker (%) 96.0 95.2 92.6 95.5 0.75
Diuretics (%) 81.8 75.0 80.3 80.9 0.68

Values are presented as mean + standard deviation or as percentage where appropriate.

CRT-D = cardiac resynchronization therapy with defibrillator; NYHA Il = New York Heart Association
Class I1; LBBB = left bundle branch block; LVEF = left ventricular ejection fraction; LVESVi = left
ventricular end-systolic volume index; ACE = angiotensin converting enzyme; ARB = angiotensin receptor

blocker.
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Table 2: Distribution of all REVERSE patients by LVESV response classification.

months

at baseline or 6

CRT OFF CRT ON P-value
(n=191) (n=419)
Super 15 (9.0%) 99 (28.0%)
Responder
Responder 21 (12.6%) 84 (23.8%) <0.0001
Stabilized 67 (40.1%) 81 (22.9%)
Worsened 64 (38.3%) 89 (25.2%)
Missing LVESV 24 66

Values are presented as n (percentage).

CRT= Cardiac Resynchronization Therapy; LVESV=left ventricular end-systolic volume

22




393

394

395

Figures

Figure 1: Mortality rate by 6-month LVESV Responder Classification

Mortality Rate

Number at risk
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Super responder P
5% - ]
———" ] { Responder
0% ’
0 6 12 18 24 30 36 42 48 54
Months Since 6-month Follow-up
84 81 76 73 64
99 96 94 91 89
Cox Proportional Hazard Model Covariate Information
Reference Hazard | 95% Hazard Ratio
Parameter value P-value| Ratio| Confidence Limits
Age 0.14| 1.026 0.992| 1.061
Sex Male 0.02| 12.177 1.612| 92.004
Ischemic No 0.60, 0.796 0.336| 1.886
Device Type |CRT-P 0.11  1.837 0.874| 3.861
Morphology LBBB 0.18| 0.604 0.290 1.256
LVEF 0.08| 0.959 0.915| 1.005
QRS Duration 0.10| 0.986 0.969| 1.003
Diabetes No 0.60| 1.204 0.605| 2.398
LVESV Group | Super 0.04| 0.376 0.144| 0.977
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399

400

401

Cox Proportional Hazard Model Covariate Information

Reference Hazard | 95% Hazard Ratio
Parameter value P-value| Ratio| Confidence Limits
LVESV Group |Responder 0.02| 0.334 0.133 0.839
LVESV Group |Stabilized 0.02| 0.369 0.163 0.834

Kaplan-Meier analysis of death occurring after 6 months based on LVESV change from baseline

to 6 months. The overall p-value in the graph is adjusted for age, sex, ischemic/non-ischemic,

CRT-P/CRT-D, LBBB/non-LBBB, LVEF, QRS duration, and diabetes, and, using a Cox model,

tests whether LVESV group affects mortality. Covariate information from the Cox model is

shown beneath the graph.
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Figure 2: Rate of Heart Failure Hospitalization or Mortality by 6-month LVESV Responder

Classification
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84 76 59 50 45
99 94 77 73 70
Cox Proportional Hazard Model Covariate Information
Reference Hazard | 95% Hazard Ratio
Parameter value P-value| Ratio| Confidence Limits
Age 0.52| 1.008 0.984 1.032
Sex Male 0.10| 1.833 0.895 3.756
Ischemic No 0.34) 0.733 0.389 1.381
Device Type | CRT-P 0.35| 1.318| 0.743|  2.337
Morphology LBBB 0.006| 0.463 0.267 0.803
LVEF 0.007| 0.953 0.920 0.987
QRS Duration 0.04| 0.987 0.974 1.000
Diabetes No 0.35| 0.793 0.489 1.287
LVESV Group |Super 0.07| 0.532 0.266 1.066

54
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409

410

Cox Proportional Hazard Model Covariate Information
Reference Hazard | 95% Hazard Ratio
Parameter value P-value| Ratio| Confidence Limits
LVESV Group |Responder 0.68| 0.883 0.491 1.586
LVESV Group |Stabilized 0.03) 0.515 0.279 0.949

Kaplan-Meier analysis of time to first heart failure hospitalization or all-cause death occurring
after 6 months based on LVESV change from baseline to 6 months. The overall p-value in the
graph is adjusted for age, sex, ischemic/non-ischemic, CRT-P/CRT-D, LBBB/non-LBBB,
LVEF, QRS duration, and diabetes, and, using a Cox model, tests whether the LVESV responder
group affects HF hospitalization + all-cause death. Covariate information from the Cox model is

shown beneath the graph.
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Figure 3: Change in KCCQ overall summary scores by 6-month LVESV Responder
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The p-value is the interaction between LVESV group and time in a repeated measures analysis
adjusted for age, sex, ischemic/non-ischemic, CRT-P/CRT-D, LBBB/non-LBBB, LVEF, QRS

duration, and diabetes.
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417  Figure 4: Change in Minnesota Living with Heart Failure scores by 6-month LVESV Responder
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419

420  The p-value is the interaction between LVESV group and time in a repeated measures analysis
421  adjusted for age, sex, ischemic/non-ischemic, CRT-P/CRT-D, LBBB/non-LBBB, LVEF, QRS

422  duration, and diabetes.
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Figure 5: Change in 6MWT results by 6-month LVESV Responder Classification
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The p-value is the interaction between LVESV group and time in a repeated measures analysis
adjusted for age, sex, ischemic/non-ischemic, CRT-P/CRT-D, LBBB/non-LBBB, LVEF, QRS

duration, and diabetes.
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Parameter value P-value| Ratio| Confidence Limits
Age 0.14| 1.026 0.992 1.061
Sex Male 0.02| 12.177 1.612, 92.004
Ischemic No 0.60| 0.796 0.336 1.886
Device Type CRT-P 0.11| 1.837 0.874 3.861
Morphology LBBB 0.18| 0.604 0.290 1.256
LVEF 0.08| 0.959 0.915 1.005
QRS Duration 0.10| 0.986 0.969 1.003
Diabetes No 0.60| 1.204 0.605 2.398
LVESV Group |Super 0.04| 0.376 0.144, 0.977
LVESV Group |Responder 0.02| 0.334 0.133| 0.839
LVESV Group |Stabilized 0.02| 0.369 0.163| 0.834
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Figure 2: Rate of Heart Failure Hospitalization or Mortality by 6-month LVESV Responder
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Sex Male 0.10| 1.833 0.895 3.756
Ischemic No 0.34| 0.733 0.389 1.381
Device Type CRT-P 0.35, 1.318 0.743 2.337
Morphology LBBB 0.006| 0.463 0.267 0.803
LVEF 0.007| 0.953 0.920 0.987
QRS Duration 0.04, 0.987 0.974 1.000
Diabetes No 0.35, 0.793 0.489 1.287
LVESV Group |Super 0.07, 0.532 0.266 1.066
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Figure 4: Change in Minnesota Living with Heart Failure scores by 6-month LVESV Responder
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Figure 5: Change in 6MWT results by 6-month LVESV Responder Classification
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