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Why Should We Care About CARE-HF?
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Previous trials of cardiac resynchronization therapy (CRT) have suggested that this therapy
can significantly improve functional class and exercise capacity during short-term follow-up.
The impact of this therapy on morbidity and mortality has only recently been reported. The
Cardiac Resynchronization-Heart Failure (CARE-HF) study has definitively shown that
CRT significantly reduces mortality (36%, p < 0.002) in patients with NYHA functional
class III and IV heart failure and ventricular dyssynchrony. This study also shows that CRT
reverses ventricular remodeling and improves myocardial performance progressively for at
least 18 months. In heart failure patients, the CARE-HF and Comparison of Medical
Therapy, Pacing, and Defibrillation in Heart Failure (COMPANION) (the earlier major
morbidity/mortality trial) studies together show the unequivocal benefit for CRT therapy
and CRT therapy with back-up defibrillation to significantly reduce mortality and hospital-
ization compared with optimal medical therapy. Both studies suggest the benefit of adding
the implantable cardiac defibrillator to CRT devices, as over one-third of deaths in the
CRT-pacemaker arm of both the COMPANION and CARE-HF studies were
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The Cardiac Resynchronization-Heart Failure (CARE-
HF) trial (1) is the latest in a series of prospective random-
ized clinical trials that evaluate the benefits of cardiac
resynchronization therapy (CRT). Early trials dating back
more than a decade have shown significant improvement in
New York Heart Association (NYHA) functional class,
exercise time, quality of life, and oxygen consumption
during metabolic testing (2-11). These early trials followed
patients for up to six months in a blinded fashion. Non-
invasive cardiac testing showed an increase in ejection
fraction as well as a decrease in left ventricular end diastolic
and end systolic volumes. These early trials enrolled an
insufficient number of patients to look at hard clinical end
points, including total mortality, cardiovascular mortality,
and hospitalization. A meta-analysis suggested a benefit of
CRT therapy with respect to mortality and hospitalization
(12).

In March 2005, the results of the CARE-HF trial were
presented at the American College of Cardiology by
Dr. John Cleland on behalf the CARE-HF study investi-
gators (1). This is an important trial that adds significantly
to our knowledge about the effects of CRT therapy. As a
starting point, we wish to recognize several “firsts” accom-
plished by the CARE-HF study: 1) the first study to show
a benefit for CRT pacemaker (CRT-P) alone with respect
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to survival as a single end point; 2) the first study to show a
benefit for CRT-P for up to 18 months, and continued
improvement over time; 3) the first study to show that
neurohormonal measures (e.g., N-terminal pro-brain natri-
uretic peptide) improve dramatically with CRT, and 4) the
first study to use direct measures of dyssynchrony as an
inclusion criteria. At the same time, it is important and
comforting to us, who have begun using CRT therapy
routinely for appropriately selected patients, to see that the
results of the CARE-HF study are entirely consistent with
those of other major trials. The benefits of CRT shown in
the CARE-HF study with regard to improved functional
class, improved ventricular function, improved quality of
life, and reduced mitral regurgitation have now been estab-
lished by so many previous CRT trials that we will focus our
attention almost entirely on the reduction in mortality and
morbidity, which were the primary end points of this trial.
Here the major contribution to cardiovascular science of the
CARE-HF study is the reinforcement and extension of the
results from the Comparison of Medical Therapy, Pacing,
and Defibrillation in Heart Failure (COMPANION) trial
(13). The COMPANION trial randomized 1,520 patients
with NYHA functional class III to IV congestive heart
failure (just as in the CARE-HF study) to optimal phar-
macologic therapy (OPT) versus OPT plus CRT-P (biven-
tricular pacing alone) versus CRT-D (biventricular pacing
plus back-up defibrillation by implantable cardiac defibril-
lator [ICD]). The COMPANION trial showed a 20%
reduction (p = 0.01) in the combined end point of hospi-
talization and mortality for both CRT and CRT-D, com-
pared with OPT, and showed that CRT-D reduced all-
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Abbreviations and Acronyms

CARE-HF = Cardiac Resynchronization-Heart
Failure study
COMPANION = Comparison of Medical Therapy,
Pacing, and Defibrillation in Heart

Failure study

CRT = cardiac resynchronization therapy

CRT-D = cardiac resynchronization therapy
pacemaker plus back-up defibrillation
(implantable cardiac defibrillator)

CRT-P = cardiac resynchronization therapy
pacemaker

1ICD = implantable cardiac defibrillator

MERIT-HF = Metoprolol Randomized Intervention
Trial in Congestive Heart Failure

NYHA = New York Heart Association

OPT = optimal pharmacologic therapy

cause mortality by 36% (p = 0.003) with respect to OPT.
Because the COMPANION trial was not designed and
powered to be able to show mortality reduction with
CRT-P alone, and its results only showed a trend toward
mortality reduction with CRT-P (hazard ratio, 0.76; p =
0.059), uncertainty remained regarding whether CRT-P did
indeed reduce mortality, and that question has now been
unequivocally resolved by the CARE-HF study.

Another important message from the CARE-HF study is
the reassuring finding that the advantages of CRT therapy,
vis-a-vis best medical management, continue to increase
over time, at least through 18 months. This information is
over and above what we learned from the COMPANION
trial, because that trial had too few patients in follow-up
past 12 months to be able to conclude anything beyond one
year. The follow-up was shorter in the COMPANION trial
than in the CARE-HF study because the COMPANION
trial was stopped by the data and safety monitoring com-
mittee when the number of primary end points was
achieved. This occurred relatively early in follow-up because
the patients had much more advanced heart failure and left
ventricular dysfunction in the COMPANION trial than in
the CARE-HF study. The control group mortality at 12
months in the CARE-HF study was 12.6%, and in the
COMPANION trial was 19%. The combined incidence of
hospitalization for congestive heat failure plus mortality is
almost two times higher in the COMPANION trial than it
was in the CARE-HF study. Most importantly, this is the
first large trial to show a benefit in a biomarker with CRT
therapy (e.g., a surrogate measure of congestive heart failure
severity). Prior large studies have failed to show improve-
ments in neurohormonal measures, including epinephrine,
norepinephrine, dopamine, endothelin, and brain natri-
uretic peptide levels. The reason that prior trials failed to
show a consistent improvement in biomarkers with CRT
therapy may be partially explained by small sample size or
inadequate follow-up. What is interesting about the
CARE-HF study is that there was a non-significant de-
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crease in N-terminal pro-brain natriuretic peptide at three
months that was dramatically lowered by over 1,100 pg/ml
at 18 months. This change should be dramatic enough to
convince even the biggest skeptics of CRT therapy.

Clearly, one of the most important contributions of the
CARE-HF study is that it has answered the question of
whether CRT-P reduces mortality. It does. A thorough
analysis of the CARE-HF study and the COMPANION
trial together shows that we now understand better the
meaning of add-on therapies (in terms of CRT-D therapy,
adding defibrillation). The modern management of heart
failure began with randomized clinical trials showing the
value of first adding angiotensin-converting enzyme inhib-
itors to the then standard medical therapy for heart failure
(e.g., diuretics and digoxin), which reduced mortality by
15% to 31% (14,15). Next a large number of studies showed
the value of adding beta-blockers to angiotensin-converting
enzyme inhibitors, achieving an additional approximately
33% reduction in mortality (16—18). The CARE-HF study,
and the COMPANION trial, as well as virtually every CRT
trial, added CRT on top of OPT medical therapy, now also
including aldosterone antagonists. The CARE-HF study
shows that CRT on top of medical therapy (70% with
beta-blockers, 95% with angiotensin-converting enzyme or
angiotensin receptor blocker inhibitors, and 50% with aldo-
sterone inhibitors) will further reduce mortality by approx-
imately one-third. The COMPANION trial, on the other
hand, showed that the inclusion of an ICD integrated
within the CRT system—CRT-D—substantially decreases
the non-negligible sudden death mortality that remains,
despite OPT and CRT-P.

There is a note of caution that we feel obliged to
emphasize with regard to interpretation and clinical impli-
cations of the CARE-HF study. Based on the fact that the
relative mortality reduction with CRT alone in the
CARE-HF study was approximately the same as with
CRT-D in the COMPANION trial, some people may
infer that a CRT-P alone suffices. That would be an
incorrect understanding of the key findings of the two
studies: one-third of the deaths that occurred in the
CARE-HF study were sudden. A back-up defibrillator, i.c.,
CRT-D, would have prevented many of these sudden
deaths. Figure 1 shows the percentage of deaths that were
sudden in these two studies. In the COMPANION trial,
36% of the deaths in the CRT-P arm were sudden, very
similar to the 35% in the CARE-HF study. In the absence
of ICD back-up, both studies showed that despite the
evident benefits of CRT-P therapy, one-third of the fatal-
ities were attributable to sudden death. As seen in Figure 1,
the CRT-D arm of the COMPANION trial reduced the
sudden cardiac death incidence to 16%, a 55% relative risk
reduction for sudden cardiac death. In terms of absolute
mortality, 7% of patients in the CRT arm of the CARE-HF
study died suddenly, compared with only 2.9% in the
CRT-D arm of the COMPANION trial. A comparison of
the cost effectiveness of CRT-P with CRT-D has not yet
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Figure 1. Comparison of percentage of mortality attributable to sudden
cardiac death in Comparison of Medical Therapy, Pacing, and Defibrilla-
tion in Heart Failure (COMPANION) trial and in Cardiac
Resynchronization-Heart Failure (CARE-HF) study. Open bars = the
COMPANION trial; solid bars = the CARE-HF study. CRT-D =
cardiac resynchronization therapy pacemaker plus back-up defibrillation
(implantable cardiac defibrillator); CRT-P = cardiac resynchronization
therapy pacemaker.

been performed, but has important implications in countries
with limited health care budgets. It is highly unlikely,
however, that future trials will be done in this population
comparing patients with CRT-P and CRT-D devices to
better quantitate the improvement in sudden cardiac death
because of ethical concerns and difficulty with patient
enrollment. Finally, one cannot exclude the possibility that
long-term CRT-P therapy may reduce the incidence of
sudden cardiac death by slowing the progression of conges-
tive heart failure, improving the autonomic milieu, and
causing anatomic remodeling.

Therefore, it becomes clear that the CARE-HF study
confirms and reinforces the message of the COMPANION
trial, namely that: 1) CRT alone confers a mortality benefit:
a strong trend is seen in the COMPANION trial, hazard
ratio, 0.76; p = 0.059; a significant trend is seen in the
CARE-HF study, hazard ratio, 0.66; p < 0.002. 2) Therapy
with CRT-D adds substantial survival benefit, attributable
to reduction of sudden death, the COMPANION trial:
hazard ratio, 0.64; p = 0.01.

Finally it is worth pointing out that some of the minor
differences between the CARE-HF study and the COM-
PANION trial can be explained by the different patient
populations included in the two studies as summarized in
Table 1. The differing populations probably explain the
different risks for mortality. The most important differences
are that: 1) only 38% of the patients in the CARE-HF study
had coronary artery disease, compared with 56% in the
COMPANION trial; 2) the mean left ventricular ejection
fraction was 25% in the CARE-HF study, compared with
21% in the COMPANION trial; and 3) a higher percentage
of the patients in the COMPANION trial were in NYHA
functional class IV (16% vs. 6.5%). Thus, clearly the patients
in the COMPANION trial represent a cohort at higher risk
of heart failure and arrhythmic death than those in the
CARE-HF study, and this point is confirmed by the
significantly higher control group mortality: at one year,
19% in the COMPANION trial and 12.6% in the
CARE-HF study. The far fewer patients with coronary
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Table 1. Patient Characteristics of Patients Enrolled
in CARE-HF and in COMPANION
CARE-HF COMPANION
OPT CRT-P OPT CRT-P
Age (yrs) 66 67 68 67
Male (%) 73 74 69 67
NYHA IV (%) 7 6 18 13
QRS (ms) 160 160 158 160
EF (%) 25 25 22 20
CAD (%) 35 41 59 54

CAD = coronary artery disease; CARE-HF = Cardiac Resynchronization—-Heart
Failure; COMPANION = Comparison of Medical Therapy, Pacing, and Defibril-
lation in Heart Failure; CRT-P = cardiac resynchronization pacemaker; EF = left
ventricular ejection fraction; NYHA = New York Heart Association functional class;
OPT = optimal pharmacologic therapy; QRS = width of QRS.

artery disease etiology in the CARE-HF study also warrants
comment. Based on the results of multiple ICD studies in
patients with chronic ischemic disease (19-23), some of the
potential candidates for the CARE-HF study were consid-
ered candidates for ICDs, and therefore were excluded from
the CARE-HF study. In fact, the message of another
important recently reported large clinical trial is that pa-
tients with NYHA functional class IT or III heart failure and
a low ejection fraction have better survival when an ICD is
implanted (23). This observation reinforces our earlier
comment that in a population with advanced heart failure,
such as that studied in both the CARE-HF study and the
COMPANION trial, the risk of sudden death remains
substantial, thus the necessity for considering ICD for
back-up in many of these patients.

Actually, the strategy of add-on therapies, illustrated
schematically in Figure 2, has been commonplace in treating
heart failure patients. Now, the COMPANION trial and
the CARE-HF study have shown CRT (and CRT-D) as
the next “new molecule,” providing a further one-third
incremental protection against all-cause mortality and sud-
den death mortality over and above optimal medical ther-
apy. Thus, with regard to the very specific question of using
CRT-P alone or CRT-D, the question (thanks to the
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Figure 2. Add-on therapy in heart failure. Each added therapy incremen-
tally decreases mortality when added on top of previous therapy. See text
for explanation and references. ACE-Inh = acetylcholinesterase inhibitor;
other abbreviations as in Figure 1.
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CARE-HF study) is not whether CRT-P saves lives, but
whether substantially more lives may be saved by combining
CRT therapy with an ICD. These results should not
surprise us. The MERIT-HF trial has shown that the
degree of sudden death risk is higher in patients with less
severe heart failure than in those with very advanced heart
failure (18). There has been no evidence showing that CRT
alone reduces the arrhythmic risk (11). The data from the
CARE-HF study do not refute this point because the
incidence of sudden death in the CRT arm is nearly
identical to that in the control arm: 35% versus 32%,
respectively. Thus, because CRT improves functional class,
it is likely that the relative risk for sudden death remains
elevated and provides a rationale for ICDs as an excellent
complement to CRT therapy. These results are further
confirmed by two single-center non-randomized series that
have shown significant mortality reductions with CRT-D
compared with CRT-P, very similar to the difference we
have highlighted earlier (24-25).

It has been noted that 20% to 30% of patients who receive
CRT therapy show no measurable clinical benefit. One
explanation for this finding is that patients are selected for
CRT therapy on the basis of the electrocardiogram dura-
tion, which is an imperfect measure of ventricular dyssyn-
chrony. This is the first large clinical trial to select patients
on the basis of the presence of either a very wide QRS (e.g.,
>149 ms, and most of these patients are thought to have
dyssynchrony) or a QRS interval between 120 and 149 ms
and the presence of two of three additional criteria for
dyssynchrony. It is likely that the selection of patients for
CRT therapy using measures of dyssynchrony serves to
better identify candidates for CRT therapy and may in-
crease the response rate and improve the outcome for
patients receiving CRT.

In conclusion, the CARE-HF study and the COMPAN-
ION trial together show unequivocal benefit for CRT in
NYHA functional class III and IV congestive heart failure
with QRS >150 ms or QRS >120 ms plus dyssynchrony.
The CARE-HF study trial showed ventricular remodeling
and improved myocardial performance, which continued up
to at least 18 months. Both studies confirm the need of
adding the ICD to CRT devices, because more than
one-third of deaths in the CRT-alone arm of both the
COMPANION trial and the CARE-HF study were
sudden. The implications of these results for the care of
patients with moderate to severe heart failure should be
immediately translated into clinical practice. Future re-
search in CRT therapy will focus on patients with less
severe degrees of heart failure. We can only eagerly
anticipate these results in the coming years.
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