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We hypothesized that the response to cardiac resynchronization therapy with a defi-
brillator (CRT-D) in patients with mildly symptomatic heart failure (HF) is more
favorable than the commonly referenced figure of 70%. This study involves the Multi-
center Automatic Defibrillator Implantation Trial with Cardiac Resynchronization
Therapy (MADIT-CRT) study population in which paired echocardiograms from
baseline and 1-year follow-up were available in 621 implantable cardioverter-defibril-
lator—treated patients and 749 patients treated with CRT-D. We prespecified CRT-D
responders as the patients who at 1-year follow-up had a reduction in left ventricular
end-systolic volume (LVESV) that corresponded to the top (best) quintile of LVESV
reduction in the implantable cardioverter-defibrillator—treated patients, that is, a 217%
reduction in LVESV. Using this metric, 88% of patients treated with CRT-D and 91% of
the patients treated with CRT-D with left bundle branch block (LBBB) were identified
as cardiac resynchronization therapy responders. Landmark multivariate Cox model
analyses revealed a significant interaction (p = 0.038) involving LVESV (responders vs
nonresponders) and LBBB (present vs not present) in risk reduction for HF or death.
The interaction finding indicates that cardiac resynchronization therapy responders with
LBBB have a significantly lower risk for HF or death (hazard ratio [HR] 0.24) than
patients without LBBB (HR 0.62). In the patients treated with CRT-D, LVESV response
was associated with reduction in the risk of death (HR 0.20, p <0.001). An increasing
percent reduction in LVESV was associated with progressively lower rates of HF or
death, a finding consistent with a dose-response relation. In conclusion, approximately
90% of CRT-D—treated patients in MADIT-CRT had a significant and meaningful
reduction in LVESV, and these LVESV responders had reduced rates of cardiac events
during long-term follow-up. © 2014 Elsevier Inc. All rights reserved. (Am J Cardiol

2014;113:1371-1377)

Several randomized clinical trials have shown that cardiac
resynchronization therapy (CRT) is associated with reduction
in the risk of death and heart failure (HF) in patients with New
York Heart Association (NYHA) class III or IV, reduced
ejection fraction, and a wide QRS complex.'” More recently,
the Multicenter Automatic Defibrillator Implantation Trial
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with Cardiac Resynchronization Therapy (MADIT-CRT),’
the Resynchronization Reverses Remodeling in Systolic Left
Ventricular Dysfunction (REVERSE)4 trial, and the
Resynchronization-Defibrillation for Ambulatory Heart
Failure’ trial have demonstrated that the benefits of CRT also
apply to patients with mild HF symptoms (NYHA class I or
1), with particularly good results in patients with left
bundle branch block (LBBB) and those with wider QRS
complexes.” ” It is generally estimated that about 70% of
patients treated with cardiac resynchronization benefit from
this therapy.'”'' However, this percent benefit has not yet
been thoroughly investigated in patients with mild HF
using a control group. The present study uses the implan-
table cardioverter-defibrillator (ICD)—only patients in the
MADIT-CRT trial as a comparison group to define response
versus nonresponse to CRT based on a prespecified reduc-
tion in left ventricular end-systolic volume (LVESV) be-
tween baseline and the 1-year follow-up echocardiogram.
We hypothesized that the response to cardiac resynchroni-
zation therapy with a defibrillator (CRT-D) in patients
without advanced HF is more favorable than the commonly
stated 70% figure, especially in patients with LBBB, and
that the greater the reduction in LVESV, the greater the
subsequent clinical benefit from CRT.
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Figure 1. Histograms of the percent changes in LVESV between the baseline and 1-year echocardiogram in reference ICD-treated patients (fop), patients treated
with CRT-D (middle), and patients treated with CRT-D with LBBB (bottom). The more negative percent change in LVESV, the greater the reduction in
LVESV. The vertical red line indicates the top quintile of LVESV reduction in the reference ICD-treated patients corresponding to a value of —17% change or
greater in LVESV. Eighty-eight percent of the patients treated with CRT-D and 91 percent of the patients treated with CRT-D with LBBB achieved a percent
change (reduction) in LVESV more negative than —17%, and these patients are considered “responders” to CRT.

Methods

The MADIT-CRT trial included 1,820 patients with
ischemic or nonischemic cardiomyopathy, QRS >130 ms,
and left ventricular ejection fraction (LVEF) <30% who
were in NYHA class I or II.° Patients were randomized to
CRT-D or ICD implantation in a 3:2 ratio. The primary aim
of the MADIT-CRT trial was to investigate whether the
implantation of a CRT-D would reduce the risk of HF or
death, whichever occurred first, compared with implantation
of an ICD device. Patients were excluded from enrollment
for a variety of previously reported reasons. The study
enrolled patients from 110 hospital centers in Europe and
North America. Previous publications have presented the
design and primary results of the MADIT-CRT study.”'”
The present study included 1,373 patients (75% of the total
MADIT-CRT cohort) for whom paired baseline and 1-year
echocardiographic measurements were available as previ-
ously published.”

From December 22, 2004 through June 24, 2009, a total
of 1,820 patients were enrolled. After device implantation,
patients were seen at scheduled visits at 1 month and then
every 3 months afterward until the termination of the trial.
Extended follow-up was conducted until September 10,

2010. The mean follow-up of the enrolled patients was
29.4 months.

Echocardiographic evaluations were performed ac-
cording to study-specific protocol at baseline before device
implantation (n = 1,809) and at 1-year follow-up. Paired
echocardiograms from baseline and 1-year follow-up were
available in 621 ICD-treated patients and 749 patients
treated with CRT-D. The echocardiograms for this study
were read at the echocardiographic core laboratory
at Brigham and Women’s Hospital'? based on the pro-
tocols established by the American Society of Echocardi-
ography.'” The left ventricular and atrial volumes were
measured by the Simpson method in the apical 4- and
2-chamber views and averaged, and the LVEFs were
calculated according to standard methods. The coefficients
of variation for end-diastolic volume, end-systolic volume,
and LVEF were 5.2%, 6.2%, and 5.5%, respectively, as
reported previously.'”

To differentiate between LVESV responders and non-
responders, we prespecified CRT-D responders as the pa-
tients who at 1-year follow-up had a reduction in LVESV
that corresponded to the top (best) quintile of LVESV
reduction in the ICD-treated patients. The reduction was
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