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Improved cardiac resynchronization by pacemakers (CRT-P) and implantable defibrillators (CRT-D)
benefits cardiac function, reduces heart failure (HF) admissions, and diminishes mortality in patients
with severe left ventricular (LV) dysfunction. In terms of mortality benefit, current evidence suggests
that CRT-D may be better than CRT-P alone when a broad range of HF patients is considered.
However, the differential benefit may be small in certain patients. In individuals with severe and wor-
sening HF due to systolic LV dysfunction, HF complications other than ventricular tachyarrhythmias
contribute importantly to both quality-of-life (QoL) and duration of survival; these patients may be
served cost-effectively by CRT-P enhancing QoL. A clinical trial evaluating CRT-D vs. CRT-P in terms of
QoL and survival in such patients would assist physicians and payers to understand better the relative
roles of CRT-P and CRT-D in the care of the sickest HF patients.
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Biventricular pacemakers and pacemaker–defibrillator
systems have been shown to improve cardiac function,
diminish frequency of heart failure (HF) hospitalizations,
enhance quality-of-life (QoL), and reduce mortality rates
in patients with severe left ventricular (LV) dysfunction
and intraventricular conduction disease who are already
being administered maximally tolerated appropriate
pharmacological treatment. The basis for these beneficial
effects is multifactorial.1–15 For biventricular pacemakers,
the benefit is presumed to be primarily due to improved
(albeit incomplete) synchronization of ventricular contrac-
tion in the diseased heart—thus the term ‘cardiac resynchro-
nization therapy’ (CRT). In the case of biventricular
implantable cardioverter-defibrillators (CRT-D devices) an
additional anti-arrhythmic benefit is presumed, but its mag-
nitude in this setting remains unclear.
Given the possibility of an increased mortality benefit

associated with the presence of defibrillator capability in
CRT-D vs. CRT pacemakers alone (CRT-P), physicians feel
increasingly compelled to use CRT-D devices in LV dysfunc-
tion patients, despite the substantially greater cost.
However, if convinced that CRT-P alone provided predictable
anti-arrhythmic benefit (even if only in an identifiable
subset of LV dysfunction patients) as suggested by both the
COMPANION12 and CARE-HF16 studies, physician decision-

making would be simplified, and treatment costs could be
substantially reduced.

Anti-arrhythmic potential of CRT

The basis for the clinical benefit of CRT devices in HF
patients is not yet fully understood. Nevertheless, in
general terms, CRT improves a range of measures of
cardiac function in the setting of moderate-to-severe HF
and a prolonged QRS duration. Thus, CRT is accompanied
by an increase (albeit usually modest) of LV ejection frac-
tion, a decrease in LV end-diastolic dimension, and dimin-
ution in the magnitude of mitral regurgitation in many
patients.1,6,7 Furthermore, to the extent that the more
physiological pacing offered by CRTsystems may reduce ven-
tricular volumes and improve cardiac output, it is reason-
able to believe that both wall stretch1,17 and levels of
circulating catecholamines will be diminished;18 as a
partial consequence, tachyarrhythmia risk may be
reduced. In this regard, in COMPANION12 both CRT-P and
CRT-D were comparable in terms of mortality benefit at
least to the extent of study follow-up period [442 days for
optimal pharmacological therapy (OPT), 495 days for CRT
and 479 for CRT-D groups].
COMPANION was a prospective trial in which NYHA class 3

or 4 patients were randomized to OPT, OPT plus CRT-P, or
OPT plus CRT-D groups. Compared with OPT alone, CRT-P
and CRT-D (both in combination with OPT), reduced the
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risk of all-cause mortality or first HF hospitalizations by
34 and 40%, respectively (P ¼ 0.002 and P, 0.001, respect-
ively). In terms of mortality outcome, specifically compared
with OPT alone, CRT-P reduced all-cause deaths by 24%
(P ¼ 0.059), whereas CRT-D in combination with OPT
reduced the risk of all-cause mortality by 36% alone
(P ¼ 0.003). In brief, CRT-D may have been more effective
in COMPANION, but the CRT-P effect was impressive none-
theless, and thereby becomes a potentially very cost-
effective choice.
Additional evidence supporting an important CRT-P mor-

tality benefit is provided in the relatively recently published
CARE-HF study. CARE-HF was a randomized and controlled
trial encompassing 813 HF patients (404 CRT-P vs. 409 medi-
cally treated), and was the first study to demonstrate a
survival benefit attributable to cardiac resynchronization
alone.16 Although, in terms of the issues being considered
in this communication, CARE-HF did not compare CRT-P
with CRT-D directly, it nonetheless provided strong evidence
in support of the potential for CRT-P alone to reduce mor-
tality of HF patients significantly. In this regard, CARE-HF
reported a 36% reduction of all cause mortality in patients
receiving CRT-P compared with those treated by medical
therapy alone. On the other hand, CRT-P impact on poten-
tially life-threatening arrhythmias remains an unsettled
question. For example, in CARE-HF, while overall mortality
benefit was clear, the number of sudden deaths among all
deaths (35%) was concerning. In this context, the potential
pro-arrhythmic effects of LV epicardial stimulation have
raised the disconcerting thought that CRT-P mortality
benefits may be counter-balanced by adverse effect
outcomes in large patient populations.19

Our own observations, although confined to a small
non-randomized population, also suggest that CRT-P may
provide an important anti-arrhythmic benefit in some
patients, particularly those with the most severe HF.20 In
this regard, we examined ventricular arrhythmia burden
and ICD treatment frequency in patients in whom worsening
HF dictated the need for replacing a pre-existing conven-
tional ICD system with a CRT-D. The availability in each of
these individuals of a full-featured ICD, both before and
after introduction of CRT, along with the absence of sub-
stantial alterations in drug therapy, permitted detailed
assessment of the impact of CRT on arrhythmia suscepti-
bility in these individuals. The study population comprised
a consecutive series of 18 patients who underwent success-
ful upgrade from conventional ICD therapy to a CRT-D-based
solely on conventionally accepted HF indications. Patients
in this study had been followed for 47+ 21 months prior
to CRT upgrade, and for an additional 14+ 2 months after
upgrade. Presenting arrhythmias were ventricular tachycar-
dia in 55%, ventricular fibrillation in 28%, and non-sustained
VT in 17%. The frequency of appropriate anti-tachycardia
pacing (ATP) applications and ICD shocks was significantly
reduced after CRT-D upgrade. During conventional ICD
treatment, ATP was applied in 10/18 (56%) patients
compared with 1/18 (3%) following CRT-D placement.
Similarly, the number of patients receiving ICD shocks
diminished following CRT. In essence, our experience
suggests that in the setting of diminished LV systolic func-
tion and worsening HF, CRT-P does diminish tachyarrhythmia
susceptibility as assessed by diminished need for either ICD
shocks or ATP.

In conclusion, current evidence suggests that CRT-D
therapy may offer a greater magnitude mortality benefit
than does CRT-P alone when viewed over a wide range of
HF patients, and therefore CRT-D remains the appropriate
choice in most cases. On the other hand, as suggested by
the findings in COMPANION, the additional CRT-D mortality
benefit compared with CRT-P may be relatively small, and
may not apply equally to all types of patients. In particular,
individuals with severe LV dysfunction and apparently
worsening HF may be more prone to die from disease com-
plications other than ventricular tachyarrhythmias (particu-
larly electro-mechanical dissociation and bradyarrhythmias)
that are not readily reversed by defibrillation. These latter
patients may be more cost-effectively served by CRT-P pri-
marily for QoL reasons, and perhaps only secondarily for
any mortality benefit that CRT-P may provide. This approach
would be especially reasonable in those individuals with
existing conventional pacemakers already in place.
Placement of a single additional lead may provide months,
even if not years, of more comfortable life.

A prospective clinical trial or at least a follow-up registry
in patients with seemingly progressive systolic HF, evaluat-
ing QoL indices, and survival outcomes would prove
helpful in terms of assessing whether a CRT-P treatment
strategy is indeed effective. Such a study would assist phys-
icians to understand better the relative roles of CRT-P and
CRT-D in patient care, and would facilitate decision-making
by payers (government and private) who inevitably must
prioritize the manner in which limited health care resources
are to be expended.
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