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Therapy of Pacemaker-Induced Cardiomyopathy
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Right ventricular (RV) pacing produces well-known long-term deleterious effects not only on already
compromised, but also on the normal left ventricle (LV). The activation pattern mimicks that of
left bundle branch block, with delayed activation of the LV free wall, and results in electrical
and mechanical dyssynchrony. Long-term mandatory (100%) RV pacing, increases LV dimensions
and decreases the ejection fraction. Many of these negative effects of pacing can be overcome
by biventricular pacing. In this review, we describe the characteristics of pacemaker-induced
cardiomyopathy, its incidence, and the use of cardiac resynchronization therapy (CRT) for its therapy
and prevention. The gaps in the current organizational guidelines for using CRT in the treatment of
bradycardia are identified, and goals for future research are discussed.
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Right ventricular (RV) pacing produces well-known
long-term deleterious effects not only on already
compromised, but also on the normal left ventricle
(LV). The activation pattern mimicks that of
left bundle branch block (LBBB), with delayed
activation of the LV free wall, and results in
electrical and mechanical dyssynchrony. Frequent
RV pacing alters geometry and function of the
LV on multiple levels resulting in a variety of
manifestations.1–12 Long-term mandatory (100%)
RV pacing, increases LV dimensions (end diastolic
and end systolic), LV mass, and left atrial
diameter. It also decreases LV ejection fraction
(LVEF), and worsens mitral regurgitation.2,13 On
a cellular level, effects of RV pacing include
mitochondrial variations and degenerative fibrosis.
Morphologically, myofibrillar disarray is seen.14

Hemodynamically, RV pacing leads to decrease in
cardiac output, elevation of pulmonary capillary
wedge pressure, and heart failure (HF).15 Besides,
there are other negative consequences such as
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regional perfusion abnormalities and increased
oxygen demand.16

In this review, we describe the characteristics of
pacemaker-induced cardiomyopathy, its incidence,
and the use of cardiac resynchronization therapy
(CRT) for its therapy and prevention. The gaps in
the current organizational guidelines for using CRT
in the treatment of bradycardia are identified, and
goals for future research are discussed.

CLINICAL TRIALS: DATA ON LV
DYSFUNCTION DUE TO RV PACING

DAVID Trial

The DAVID (The Dual Chamber and VVI
Implantable Defibrillator) trial (2002) was designed
with the hypothesis that dual-chamber DDDR pac-
ing in patients receiving implantable cardioverters-
defibrillators (ICDs) (without bradycardia indica-
tions) would result in improved hemodynamics
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and therefore improved outcomes as compared
to conventional backup ventricular pacing. The
trial compared the clinical effectiveness of dual-
chamber ICDs programmed to the DDDR pacing
mode at 70 pulses per minute versus the VVI mode
at 40 pulses per minute. The atrioventricular (AV)
delay was programmed according to the clinical
judgment of the investigators and was commonly
set at 180 ms thereby favoring ventricular pacing
in the majority of patients. The DDDR group
exhibited nearly 60% of ventricular beats being
paced, and the VVI group showed 1% of ventricular
beats being paced. The DAVID trial turned con-
ventional wisdom upside down by clearly showing
the hazards of unnecessary RV pacing which was
associated with an increased risk of death and HF
hospitalizations as a composite endpoint in patients
with an impaired LV function (selected for ICD
therapy). The study revealed a strong trend toward
higher mortality and hospitalization for new or
worsened congestive HF in the DDDR group. The
VVI group fared better because the programmed
rate of 40 pulses per minute minimized RV apical
pacing. The depression of LV function by RV apical
pacing may be more important in ICD patients with
poor LV function and/or a prior history of HF.17

In a subsequent study, the group with DDDR
RV pacing >40% had a statistically significant
higher risk of reaching the endpoint compared
with DDDR RV pacing less than or equal to 40%
(P = 0.025). The latter group had similar or better
outcomes to the VVI backup group (P = 0.07).18

MOST (MOde Selection Trial)

In the MOST, patients with sick sinus syndrome
were randomized into two pacing modes: DDDR
and VVIR. The investigators found that the
cumulative percentage of ventricular pacing was
significantly higher in the DDDR group than in the
VVIR group (median, 90% vs 58%, respectively;
P < 0.001), and 50% of the patients in the DDDR
group was ventricular paced continuously or nearly
continuously, compared with only 20% in the VVIR
group.19 The higher incidence of pacing in the
DDDR group was mostly due to overlap of the
baseline PR interval with the programmed AV
delay. In total, 128 of the 1339 patients (9.6%)
had one or more hospitalization for HF during
the study. For DDDR pacing, the risk increased
with a rising of cumulative pacing until it reaches
40% where it remained stable thereafter with

higher values. Ventricular pacing >40% of the time
in DDDR mode was associated with a 2.6-fold
increased risk of HF hospitalizations, compared
with pacing <40% of the time (P = 0.040).
The data revealed a 20% increase in risk of HF
admissions for every 10% increase in RV pacing.
This risk increased to threefold when multiple
hospitalizations were considered.

In VVIR mode, the risk did not increase until
patients were paced >80% of the time. In this
group, ventricular pacing >80% of the time was
associated with a 2.5-fold increased risk of HF
hospitalizations, compared with pacing <80% of
the time. The risk of atrial fibrillation increased
linearly with cumulative pacing from 0% to 85% in
both groups.

In summary, the MOST study demonstrated that
not pacing mode but cumulative percentage of RV
pacing (as determined by stored pacemaker data)
was a major determinant of outcome. These results
initiated a profound change in approach to pacing
therapy to minimize RV pacing.

MADIT II Study

Steinberg et al.20 divided the multicenter
automatic defibrillator II trial (MADIT II) ICD
patients into two groups based on cumulative
ventricular pacing under 10% or over 90%
(bimodal distribution): the first group (N = 369)
consisted of patients with very little pacing (median
cumulative pacing = 0.2%), and the second group
(N = 198) consisting of patients being paced most
of the time (median cumulative pacing = 95.6%).
Group 2 patients showed a significantly higher
probability of new or worsened HF at 2 years (30%)
versus only 17% in group 1 (P < 0.001). A similar
pattern emerged with the combined endpoint of
HF hospitalization or death (P < 0.001), but death
alone revealed no significant difference. Group 2
patients were also more likely to experience ICD
therapy for ventricular tachycardia/fibrillation
(P < 0.005) raising the question that RV pacing
might be proarrhythmic. It is highly unlikely that
the results can be explained solely in terms of the
sicker patients requiring more pacing.

During the total 8-year follow-up, high RV pacing
was shown to be associated with a significant
adjusted 40% (P = 0.01) increase in the risk of death
compared with low RV pacing.21 These findings
strongly suggest that frequent RV pacing resulted
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in LV dysfunction, and HF accounting for increased
mortality.

The Danish AAIR versus DDDR Trial

Nielsen et al.22 reported the results of the first
randomized trial comparing the AAIR and DDDR
modes of pacing in 177 consecutive patients who
received a first pacemaker for sick sinus syndrome.
The patients were followed for 2.9 ± 1.1 years
and had normal AV conduction, and no bundle
branch block. The patients were randomized to
three arms: AAIR, DDDR-s (short rate-adaptive
AV delay—110–150 ms), and DDDR-l (fixed long
AV delay �250 ms) modes. The AV delay was
not optimized because the study was designed to
evaluate the effect of cumulative RV pacing. The
AAIR group exhibited no significant change in the
left atrial and LV diameters and LV fractional
shortening. However, the left atrial diameter
increased significantly in both DDDR groups (more
marked in the DDDR-s group), while LV fractional
shortening decreased significantly in the DDDR-s
group (90% proportion of RV pacing) but not in the
DDDR-l group (17% proportion of RV pacing). The
AAIR versus DDDR trial clearly documented the
detrimental effects of LV dyssynchrony produced
by long-term unphysiologic RV pacing in patients
with sick sinus syndrome. The results of the AAIR
versus DDDR study are in accordance with the
data from the DAVID and MOST trials (where
sequential LV function was not evaluated) with
hospitalization for HF as the endpoints.

MECHANISMS

A number of research and review articles have
described in detail the adverse structural and
pathologic changes associated with pacemaker-
induced cardiomyopathy.1–14,16 We felt that ad-
dressing these alterations were beyond the scope
of this clinical review.

The detrimental effects of long-term RV pacing
may occur in patients with normal and abnormal
LVEF and is more prominent in patients with
a depressed LVEF. The true incidence of LV
remodeling due to RV pacing is not well known
but it tends to occur especially if RV paces >40%
of the time.19 Yet, some pacemaker-dependent
patients with continual RV pacing do not develop
LV dysfunction for reasons that are unclear.

INCIDENCE

Reported data on incidence of pacemaker-
induced cardiomyopathy vary. In a retrospective
study of 286 patients with atrial fibrillation and
normal baseline LVEF, who underwent AV nodal
ablation with pacemaker implantation—and paced
100% of time—only 9% of patients experienced
at least a 10% drop in LVEF within 1 year, and
15% of patients suffered such a drop in LVEF if
followed up over a year.23 Similar prevalence of
cardiomyopathy of 9% after 1 year of pacing was
reported by Yu et al.24

Zhang et al.25 analyzed 304 patients who received
a pacemaker (RV apical) for AV block and without
prior HF. They found 79 patients (26%) who
developed new onset HF at a median of 7.8 years
since implantation. The baseline LVEF was 64 ±
0.1% and the follow-up LVEF was 47 ± 0.1%, and
cardiovascular mortality was significantly higher in
the patients with HF (36.7% vs 2.7%, P < 0.001).
Multivariate analysis revealed that an older age and
coronary artery disease were risk factors for the
development of HF.

Dreger et al.26 analyzed patients with no history
of structural heart disease, who were paced (>99%
of the time) for at least 15 years due to AV
block. Pacing-induced cardiomyopathy was de-
fined as LVEF �45%. Twenty-six patients met the
inclusion criteria. Pacing-induced cardiomyopathy
was diagnosed in four patients (15.4%) whose
LVEF was 41.0 ± 4.5%, compared with patients
with preserved LVEF 61.2 ± 5.8%. The longest
intraventricular delay was significantly shorter
in patients with preserved LVEF (65.5 ± 43.0
ms) compared with patients with pacing induced
cardiomyopathy (112.5 ± 15.0 ms, P = 0.043).

Khurshid et al.27 recently evaluated 277 pace-
maker patients for pacemaker-induced cardiomy-
opathy: preimplantation LVEF � 50% and a drop
in LVEF � 10%. Of these 277 patients, 207
remained with preserved LVEF through the end
of follow-up (mean 3.3 years, range 0.08–9.4). Of
the 70 patients who developed a cardiomyopathy,
20 were excluded for an alternative potential
explanation, leaving 50 patients with pacemaker-
induced cardiomyopathy (incidence 19.5%). In the
patients with pacing-induced cardiomyopathy, the
mean baseline LVEF was 62.1%, and at follow-
up (3.3 years) the mean LVEF was 36.2%. Among
those with ventricular pacing percentages 20–
39, 40–59, 60–79, and 80–100, the incidence of
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pacemaker-induced cardiomyopathy was 13.0%,
16.7%, 26.1%, and 19.8%, respectively (P = 0.7 for
comparison across groups). The shortest time to de-
velopment of pacemaker-induced cardiomyopathy
was 1 month and the longest time was 8.4 years.
Pacemaker-induced cardiomyopathy was more
likely to occur in men, with a wide native QRS
complex, and a lower preimplant LVEF. Native
QRS duration >115 ms (excluding typical bundle
branch block) was 90% specific for development of
pacemaker-induced cardiomyopathy.

If 13% of patients who are only paced 20 to
40% of time, develop cardiomyopathy in three
years, threshold of 40% may be, indeed, too
high. Interestingly, when number of premature
ventricular contractions reaches about 25% of all
QRS complexes, it is considered to be enough to
cause LV remodeling.28,29

WHEN DOES
PACEMAKER-INDUCED

CARDIOMYOPATHY START?

Like the incidence of pacemaker-induced car-
diomyopathy, the timing of onset varies widely
in the literature, but it is between few months
and few years. Shimano et al.30 described the
development of HF in 18 patients who received
permanent pacemakers for complete AV block.
The patients were pacemaker dependent, in sinus
rhythm and were evaluated 81 ± 10 months after
implantation. Before pacemaker implantation, 13
patients presented with a normal LVEF (> 50%)
and the mean LVEF in the 18 patients was 54
± 3.1%. All developed a reduction of LVEF with
a mean of 28 ± 2.1% and HF requiring 2.1 ±
0.2 hospitalizations per year. The duration of RV
pacing correlated with severity of LVEF reduction.
Because this study describes only patients with
pacemaker-induced cardiomyopathy, it does not
provide any information on its incidence, just on
the timing of it.

In the PACE (The Pacing to Avoid Cardiac
Enlargement) trial, Yu et al.24 followed 86 patients
after RV apical pacemaker implantation for 1
year with an average ventricular pacing of 97%.
The mean LVEF decreased from 61.5 ± 6.6% at
baseline to 54.8 ± 9.1% and the LV end-systolic
volume increased from 28.6 ± 10.7 to 35.7 ±
16.3 mL (relative increase of 26%). Eight patients
(9%) developed an LVEF <45%. The LVEF at 2

years was 53.0 ± 10.1. These observations indicate
that LV dysfunction and the clinical manifestations
of pacemaker-induced cardiomyopathy in patients
with frequent ventricular pacing can begin in the
first year. The literature suggests that the incidence
peaks at 3 years. It eventually occurs in about 15–
20% of pacemaker patients with AV block. Some
reports report higher event rate, especially with
longer follow-up.

In another study, however, pacemaker-induced
cardiomyopathy started developing almost imme-
diately after initiation of pacing. Twelve patients
with dual-chamber pacemakers and normal LV
function, had LVEF measured after at least 1 week
of atrial pacing only (baseline), during and after
short-term (2 hours) and midterm (1 week) AV
pacing with a short AV delay (>99% ventricular
pacing).31 Baseline LVEF was 66.5 ± 4.5%. Short-
term pacing resulted in a decrease in LVEF to 60.3
± 5.2% (P < 0.0002). After 1 week (midterm) of AV
pacing, there was a further decline in EF to 52.9 ±
8.3% (P < 0.0001). After cessation of midterm pac-
ing, EF was 57.3 ± 5.9% (P < 0.0001 vs baseline).
A total of 2, 5, 8, and 24 hours later, EF remained
depressed (59–60%, P < 0.007). Only after 32
hours, LVEF became statistically similar to baseline
62.9 ± 7.6% (P < 0.11 compared with baseline).
The authors concluded correctly that the abnormal
activation sequence resulting from RV pacing
accounted for only part of the reduction in LVEF
as midterm pacing was associated with a lower
LVEF than short-term pacing, and LVEF remains
depressed after cessation of AV pacing. This study
showed that pacemaker-induced cardiomyopathy
can become manifest as soon as pacing is initiated
and last after pacing is discontinued.31

BIVENTRICULAR (BiV) PACING

As in case of intrinsic LBBB, CRT is beneficial
in the LBBB-like disorder induced by RV pacing.
Current recommendations for CRT in the setting of
frequent RV pacing are limited to very few clinical
scenarios.

The PAVE (Left ventricular-based cardiac stimu-
lation post AV nodal ablation evaluation) trial32 was
the first randomized study to compare BiV pacing
with RV pacing in patients who had undergone
ablation of the AV node for refractory atrial
fibrillation (Table 1). The ABLATE and PACE trials
randomized the same patient population as the
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PAVE trial (Table 1).33 Three randomized trials
(PACE,24,34,35 PREVENT HF,36 and BLOCK HF
[The Biventricular vs Right Ventricular Pacing
in Heart Failure Patients with Atrioventricular
Block]37) have compared BiV pacing to RV pacing
in patients who required close to continual ventric-
ular pacing and included patients in sinus rhythm
or atrial fibrillation. All of them except PREVENT-
HF demonstrated favorable effects of BiV pacing
on functional status, and LV performance and
geometry. The PREVENT HF trial was the only
inconclusive study possibly because of a relatively
short follow-up period and internal inconsistencies.

The four major randomized trials24,33,36,37 favor-
ing BiV pacing have shown that irrespective of
baseline QRS duration, long-term LV remodeling,
LV dysfunction, and HF are more common in
patients with long-term conventional RV than those
with BiV pacing (Table 1). There were 149 patients
who had extended follow-up in the PACE trial
with a mean duration of 4.8 ± 1.5 years (2.5–
7.8 years). The primary endpoint analyses were
performed in 146 patients (74 in the RV group
and 72 in the BiV group). In the RV-pacing
group, the LVEF decreased while the LV end-
systolic volume increased progressively at follow-
up, but remained unchanged in the BiV pacing
group. The differences in LVEF between the RV
and BiV groups were −6.3, −9.2, and −10.7% at
1-year, 2-year, and long-term follow-up, respec-
tively (all P < 0.001). The corresponding differ-
ences in LV end-systolic volume were +7.4, +9.9,
and +13.1 mL, respectively (all P < 0.001). In ad-
dition, patients with RV pacing had a significantly
higher prevalence of HF hospitalization than the
BiV group (23.9% vs 14.6%, P = 0.006).35

Three other studies with fewer patients than
the above major trials also showed the advantage
of BiV pacing (Table 1).38–40 All the trials have
shown so far no reduction in mortality probably
because of the relatively short follow-up times.
In the case of other studies involving only
atrial fibrillation, meta-analyses have suggested
functional improvement with BiV pacing after
AV junctional ablation as the primary therapeutic
procedure.41,42

BLOCK HF Trial

BLOCK HF is a major study (2013) enrolled
691 patients with AV block and NYHA class I,
II, and III HF and LVEF of 50% or less6,37 The

study population was predominantly male with
average in 1970s and NYHA Class II. Patients
with an indication for BiV pacing according to
organizational guidelines were excluded from the
trial. There were 484 patients in the pacing
group and 207 in the ICD group. The latter
received ICD according to standard guidelines. The
patients underwent randomization with either an
RV pacemaker or a BiV pacemaker and they were
followed for a mean of 37 months. The LVEF
was 39.6 ± 8.3% for the RV group and 40.3 ±
8.4% for the BiV group. About 70% of the patients
in each group had an LVEF >35%. Importantly,
the percentage of ventricular pacing was >97%
in all groups. This percentage was probably an
overestimation of true ventricular pacing because
of ventricular fusion and pseudofusion beats are
counted as ventricular paced beats. However, it is
very likely that the percentage of pure ventricular
pacing was comparable in all the patient groups so
that the recorded percentage of ventricular beats
remained a valid observation.

The primary outcome was the time to death from
any cause, or an urgent care visit for HF that
required intravenous therapy or a 15% or more
increase in LV end-systolic volume index (LVESVI).
The endpoint was driven by the prominent
recording of the LVESVI. The composite primary
outcome (any of the three endpoints) occurred
in 190 of 342 patients (55.6%) in the RV-pacing
group, as compared with 160 of 349 patients
(45.8%) in the BiV-pacing group resulting in a 26%
statistically significant reduction in the combined
outcome for BiV pacing. The results were similar
in the pacing and ICD groups. Also, the secondary
endpoints, rates of first hospitalization for HF and
the composite outcome of death or hospitalization
for HF differed significantly between the two
pacing groups, also in favor of BiV pacing. In
the secondary outcome, death alone was not
statistically significant.

Some answers are expected from the random-
ized trial which is currently in progress—the
BIOPACE (Biventricular stimulation to prevent
cardiac desynchronization).43

This randomized trial which is similar to the
BLOCK HF trial also evaluates the long-term
effects of RV pacing versus BiV pacing. The trial
recruited over 1800 patients between May 2003
and September 2007 predominantly from European
centers. The patients had a high likelihood of
mostly ventricular paced beats (at least 66%
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of the time) regardless of sinus rhythm, atrial
fibrillation or preimplantation QRS duration, and
morphology. The patients will be followed for
5 years. The primary endpoints are survival,
quality of life (Minnesota Living with Heart
Failure questionnaire), and distance covered in a 6-
minute hall walk at 24 months after implantation.
The secondary endpoints consist of a relatively
large number of observations. The results of the
trial should be available soon.

DOES CRT PREVENT
PACEMAKER-INDUCED CMP IN

PATIENTS WITH A NORMAL LVEF?

The risk of pacemaker-induced cardiomyopathy
appears to be less common in patients starting
with a normal compared to abnormal LVEF. The
true incidence is difficult to determine because
many studies present combined data from a normal
and near normal mean LVEF. Such studies may
contain cases with abnormal LVEF. This evaluation
is compounded by the lack of definitions as to
what constitutes a normal LVEF and a cutoff of
50% is sometimes used to separate normal and
abnormal values. Because echo-derived LVEF is
often reported as a range (e.g., 40–45%), and LVEF
�50% is normal, everything with LVEF >45%
may be considered as near normal. The subsets
of studies reflecting the effects of CRT in patients
with normal LVEF are summarized in Table 2.

In the study of Albertsen et al.,40 23 of 25
patients in the DDDR group were analyzed
separately because of LVEF >50%. This group of
23 patients started with an LVEF >50%, and the
LVEF decreased from 59.8 (58.6–62.2)% at baseline
to 57.3(52.7–60.7)% at the 12-month follow-up (P
= 0.04). In a study involving 79 patients and a
mean LVEF of 64 ± 0.07% strongly suggests that
most, if not all, the LVEFs are normal. The same
argument can be used in the analysis of the data
from Khursid et al.27 with 50 patients with an
initial mean LVEF of 62.1%. In this study, their
figure 4 clearly demonstrates that all the initial
LVEFs are truly normal. Studies with a normal
mean baseline LVEF may have few patients (not
specifically stated) with an abnormal LVEF that do
not interfere with the overall normal value of the
LVEF. However, the incidence of LV dysfunction
is greater than the proportion of patients with an
abnormal baseline LVEF. This provides further

proof that pacemaker-induced cardiomyopathy
can affect patients starting with a normal LVEF.

UPGRADE FROM CONVENTIONAL
PACEMAKER OR ICD TO CRT

In some registries, upgrading from RV to BiV
pacing constitutes about 23–28% of all implanted
BiV systems.44 Patients with pacemaker-induced
cardiomyopathy respond favorably (in about 2/3
of cases) to upgrading suggesting that the LV
dysfunction is partially reversible. Upgrading to
BiV pacing should be considered in patients
requiring frequent RV pacing, if they have
symptomatic HF and low LVEF (<35–40%) despite
the lack of large prospective, randomized trials
in this area. This includes patients undergoing
routine device replacement. A low LVEF is more
important than the presence of HF. The benefit
of upgrading to CRT has been evaluated in three
clinical scenarios.

(1) Crossover studies

Four small randomized trials with a crossover
design were conducted with a 2–6-month period
of CRT which was compared with a 2–6-month
period of RV pacing.45–48 The patients had severe
symptoms of HF (mostly NYHA class III or IV) and
depressed LVEF (mostly <40%). During the CRT
phase, the patients consistently showed clinical
subjective improvement, less hospitalization, and
improved LV function, compared with the RV
during the study phase (Table 1).

(1) Nonrandomized studies

The results of CRT upgrade in observational
studies involving a relatively small number of
patients (almost all in NYHA III or IV, HF, and
deterioration of LV function with LVEF <35%)
are consistent with the above crossover studies.
The patients showed subjective clinical improve-
ment, fewer hospitalizations, and improved LV
function.30,45,49–59

(1) Upgrading versus de novo cardiac resynchro-
nization

Several studies have shown that patients with
RV pacing (and low LVEF) improved after up-
grading to BiV pacing with a benefit that was
comparable or even better than that observed
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in HF patients with native LV conduction delay
who underwent de novo CRT implantation (follow-
up 3–38 months).60–64 The European CRT survey
which compared 692 upgrades with 1675 de novo
procedures at 141 centers in Europe, showed
that there were no significant differences in
clinical outcomes, mortality complication rates
between upgrades and de novo procedures.47 A
recent study of 50 patients with unavoidable
RV pacing, LV systolic dysfunction, and mild or
no symptoms of HF were randomized to either
standard RV pacing or BiV pacing at the time of
pacemaker replacement.64 At 6 months, there was
a statistically significant improvement in the LVEF
in the BiV group (P < 0.0001) compared to standard
RV pacing. There were also improvements in
exercise capacity (P = 0.007), quality of life (P =
0.03), and NT-proBNP (P = 0.007) in those
randomized to BiV pacing. Patients with standard
RV pacing had more days in hospital during follow-
up than those in the BiV group (P = 0.047).64

Gaps in the Organizational Guidelines

Although the majority of the studies indicate that
it is better to pace two ventricles than one, there
are not enough data presently to recommend BiV
pacing for all patients requiring antibradycardia
pacing and more randomized trials are needed to
define patients at risk for LV dysfunction and HF,
especially in patients with a normal LVEF.

Current recommendations for CRTs or bradycar-
dia in the setting of frequent RV pacing are limited
to very few clinical scenarios.

Specifically, indications for CRT include patients
with a wide QRS, preferably with a LBBB
morphology, and LVEF �35%. Some guidelines
from different societies recognize mandatory RV
pacing as an indication for CRT, but only in the
setting of already existing moderate or severe LV
systolic dysfunction (Table 3).

Interestingly, only 2013 ACCF/AHA guide-
line for the management of HF65 and 2012
ACCF/AHA/HRS Focused Update66 mention a 40%
pacing frequency as a cutoff, after which CRT is
indicated. Other recommendations consider CRT
only in mandatory (100%) RV pacing or unspecified
“high percentage” of RV pacing. Some documents
do not even state the importance of the cumulative
percentage of RV pacing.67

Many guidelines (Table 3) include the clinical
syndrome of HF, or even specific NYHA class into

the indications. Symptomatic HF merely indicates
fluid retention which can easily change on a day-to-
day basis, depending on a dietary fluid restriction
or the dose of diuretics, and should most probably
not play any role in decision on CRT. Fluid
retention, in this population, is a consequence of
decreased LVEF, or LV remodeling, which should
be the indication for CRT regardless of symptoms,
as we discussed in detail elsewhere.68–70 However,
patients with an initially normal LVEF, undergoing
permanent pacemaker implantation for bradycar-
dia indications, are at risk for LV remodeling and
HF. Currently, no indications exist to provide them
with a CRT device from the start, in order to
prevent the risk.

The Food and Drug Administration (FDA)
approved new guidelines for BiV pacing in April
2014 based on the results of the BLOCK HF trial
which demonstrated significant clinical advantages
of BiV pacing compared with traditional RV pacing.
The FDA proposed a class I or IIa indication for
AV block expected to require a high percentage
of ventricular pacing that would be traditionally
require conventional pacing, mild to moderate HF
symptoms (NYHA Class I, II, and III) though
Class I patients do not have symptoms of HF, and
an LVEF �50%.71 This indication should include
intermittent second and third-degree AV block
because of their propensity to develop sustained
third-degree AV block. BiV pacing should be
considered only if there is symptomatic marked
prolongation of the PR interval that would force
sustained traditional RV pacing. The indications
should probably exclude patients who exhibit a PR
interval >300 ms at an atrial pacing rate of 100
ppm as in the BLOCK HF protocol. In addition,
lower cost dual-chamber pacemaker could well be
enough for patients with first-degree AV block that
does not require much RV pacing.

Adherence to the FDA guidelines does not lead
to reimbursement for the BiV procedure which can
only occur when the guidelines promulgated by the
Centers for Medicare and Medicaid Services are
published.

The issues not covered in any of the guidelines
are:

� Should CRT be considered if baseline LVEF
is normal (>50%) and anticipated cumulative
pacing is near 100%? Should it be considered
if anticipated cumulative pacing is between 40%
and 99% of time? Or �20% of the time?
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Table 3. Indications for CRT in Patients with Right Ventricular Pacing for Brady Indications

Guidelines, Year
Indication (Excluding Classic CRT Indications

for Native QRS >120 ms)
Strength of

Recommendation

2013 ACCF/AHA guideline for the
management of heart failure65 and
2012 ACCF/AHA/HRS focused
update incorporatedinto the
ACCF/AHA/HRS 2008 guidelines
for device-based therapy of
cardiac rhythm abnormalities66

(1) CRT can be useful in patients with atrial
fibrillation and LVEF � 35% on recommended
medical therapy if
� the patient requires ventricular pacing or

otherwise meets CRT criteria; and
� AV nodal ablation or pharmacologic rate

control will allow near 100% ventricular
pacing with CRT.

IIA

(2) CRT can be useful for patients on
recommended medical therapy who have
LVEF � 35%, and are undergoing placement
of a new or replacement device with
anticipated requirement for significant
(>40%) ventricular pacing

IIA

2013 ESC Guidelines on cardiac
pacing and cardiac
resynchronization therapy44

(1) CRT is indicated in patients with LVEF <35%
and high percentage of RV pacing, who
remain in NYHA III or ambulatory NYHA IV
despite optimal medical therapy (upgrade).

I

(2) CRT should be considered in HF patients with
reduced LVEF, and expected high percentage
of ventricular pacing in order to decrease the
risk of worsening HF (de novo implant).

IIA

2012 ESC Guidelines for the
diagnosis and treatment of acute
and chronic heart failure72

CRT is indicated in patients with an indication for
conventional pacing and no other indication for
CRT if:

� NYHA III or IV with LVEF � 35% irrespective
of QRS duration, to reduce the risk of HF
worsening

� NYHA II with LVEF � 35% irrespective of QRS
duration, to reduce the risk of HF worsening

IIA

IIB

� Should CRT be considered if baseline LVEF is
impaired (35–49%), and anticipated cumulative
pacing is near 100%? What if pacing occurs 40–
99% or even �20% of the time.

Some data already exist but more would be
needed for a major change in the pacemaker
treatment of bradycardia. These questions will
need to be answered definitively in further
randomized clinical trials

(1) Risk versus benefit
The BLOCK HF trial37 highlighted the fact that

the complications of LV lead implantation are
not inconsequential. LV pacing was successful

in 93.7% of the patients (acceptable failure rate
about 4%). The causes of unsuccessful LV pacing
included inability to cannulate the coronary sinus
ostium, lead displacement, and unacceptably high
threshold. After implantation, LV lead-related
complications mostly displacements occurred in
6.4% of the patients. Such lead complications
are similar to those reported in the literature
(4–6%). The risk of late infection is much greater
for CRT-D (with defibrillator) compared to CRT-P
(no defibrillator) devices, an important advantage
of stand-alone CRT devices.73 The risk of major
complications is four times higher for a CRT
upgrading procedure compared to a simple device
replacement.74
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The wider use of CRT for new indications will be
limited by the greater complications of LV pacing,
unfamiliarity with implantation techniques (more
complex than simple RV pacing) and cost. Further
trials would be helpful especially with regard to
the technical aspects of LV lead implantation and
more reliable access sites.75 Thus, the benefit of
CRT should be weighed against the risk of the
procedure.

[2] Alternative sites: Is RV pacing obsolete?

Alternative RV-pacing sites for pacing should
not be considered for the prevention of pacing-
induced cardiomyopathy at this juncture because
the long-term benefit of pacing at RV sites other
than the apex are still controversial. At one time,
high hopes were placed on alternative sites of RV
pacing, for example, pacing in the RV outflow tract
rather than the apex, but results of the studies were
discouraging.76–81

The long-term effects of pacing RV sites (outflow
tract or septum) other than the apex are unknown.
Direct His bundle and paraHisian pacing are
generally not applicable to patients with AV block.
For example, traditional RV pacing could be used in
a patient with sick sinus syndrome and occasional
pauses between episodes of bradycardia, because
RV pacing will be used infrequently particularly
when pacing algorithms are used to minimize RV
pacing. An intermittent AV conduction disorder
could be treated either with traditional RV pacing
(with the use of algorithms to minimize pacing)
or with BiV pacing, depending on the clinical
circumstances and the expected amount of RV
pacing.

[3] Stand-alone BiV devices

The Block HF trial opens the door for the wider
use of a less costly and simpler BiV pacemaker
without an ICD for patients with an LV ejection
>35%.

[4] The danger of waiting

BiV pacing is a good investment in patients who
require it and should not be delayed to monitor
the deterioration of LV function. In addition, an
upgrade procedure is associated with a substantial
increase in complications compared to de novo
CRT device implantation. In the BLOCK HF trial,
18% of the patients developed an indication for BiV

pacing in the first year.37 The first occurrence of HF
carries a dismal long-term mortality.

[5] Pacemaker follow-up to detect pacemaker-induced
cardiomyopathy

In a regular pacemaker clinic, prevalence of
significant LV dysfunction (LVEF < 40%) was
reported to be as high as 31%, with almost 80%
of the group having HF symptoms.82 Periodic
evaluation of LV function is important to determine
the presence of progressive deterioration of LV
function. This should include the determination
of the paced (RV) QRS duration which is related
to the degree of LV dysfunction. The duration of
the paced QRS complex should also be determined
during follow-up because there is an important
correlation between QRS prolongation and LV
dysfunction.83–85

CONCLUSION

There are not enough data presently to rec-
ommend BiV pacing for all patients requiring
antibradycardia pacing and more randomized trials
are needed to further define patients at risk for
LV dysfunction and HF. The cutoff value of the
cumulative percent of pacing at 40% for the risk of
LV dysfunction and HF is based on old data. New
research is needed to reevaluate this measurement
and its association with LV dysfunction and HF.
A recent study suggests that this index may be
too high and perhaps should be 20% or even
less. According to the BLOCK HF trial, the mode
of pacing (CRT) may be determined only with
knowledge of the LVEF (<50%) and the expected
frequency of ventricular pacing. This approach
would yield many candidates for CRT. It would
therefore be important to look further into the
Block HF trial to find the subgroups of patients
most likely to benefit from BiV pacing.

The use of BiV pacing will increase because
more studies like the BLOCK HF trial will most
probably continue to confirm the superiority of
BiV pacing which may even extend to patients
with a normal LVEF. BiV pacing will be favored in
pediatric patients and those with congenital heart
disease.86,87 BiV pacing will also increase based on
improved technology of LV leads (including better
extractability), easier access, better implantation
techniques (and better familiarity with all the tech-
nical aspects of LV lead implantation, lower cost
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(with stand-alone devices), fewer complications,
and longer follow-up as in the BIOPACE trial may
demonstrate that BiV pacing decreases mortality
compared to standard RV pacing. In that case,
RV pacing alone will become obsolete for many
patients.
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