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ABSTRACT
Background: Cardiac resynchronisation therapy (CRT)
improves outcomes in selected patients with heart failure
and left ventricular dysfunction. One mechanism of benefit
is believed to be favourable ventricular remodelling.
Whether CRT also decreases the frequency of
ventricular arrhythmias and risk of sudden death is
unknown.
Objective: To determine the effect of CRT on frequency
of ventricular arrhythmias and appropriate ICD therapies.
Design: Retrospective cohort study.
Setting: Single-centre, tertiary care facility (Mayo Clinic).
Patients: 52 patients (46 male), aged 70 (SD 10) years,
who underwent upgrade from an implantable cardioverter
defibrillator (ICD) to a CRT-defibrillator were included.
Interventions: Upgrade of ICD to CRT-defibrillator.
Main Outcome Measures: Frequency of ventricular
arrhythmias prior to and following upgrade to CRT device.
Results: Ejection fraction increased from 22% (SD 8%) to
27% (SD 11%) following CRT. However, the frequency of
non-sustained ventricular arrhythmias, sustained ventri-
cular arrhythmias, and ventricular fibrillation was not
significantly changed prior to and following CRT (2.38 (SD
9.78) vs 58.51 (SD 412.73) per patient per month,
p = 0.66; 0.07 (SD 0.17) vs 0.16 (SD 0.52), p = 0.70;
0.05 (SD 0.12) vs 0.25 (SD 1.40), p = 0.12).
Conclusions: CRT is not associated with a decrease in
the frequency of ventricular arrhythmia or appropriate
device therapy. Thus, use of CRT alone is not beneficial in
decreasing the frequency of ventricular arrhythmias or the
risk of appropriate ICD therapies.

Cardiac resynchronisation therapy (CRT) is asso-
ciated with fewer hospitalisations and decreased
mortality in patients with congestive heart fail-
ure.1–3 These beneficial effects are thought to result
from favourable left ventricular reverse remodel-
ling, which may occur following CRT. Since
adverse remodelling (ventricular dilatation), which
is a consequence of worsening congestive heart
failure, may be associated with increased likelihood
of ventricular arrhythmias, CRT alone might be
expected to decrease the incidence of ventricular
arrhythmias and need for implantable cardioverter
defibrillator (ICD) therapy. Whether CRT alone is
associated with decreased ventricular arrhythmias
or risk of sudden cardiac death is unclear since
previous studies have yielded conflicting
results.1 2 4–8

Since advanced or worsening heart failure may
increase the risk of ventricular arrhythmias and
appropriate ICD therapies, patients with ICDs and
worsening heart failure represent an especially
high-risk group who may suffer significant mor-
bidity due to frequent ICD therapies.9 Since CRT
may promote favourable ventricular remodelling
and reduce the severity of heart failure, use of CRT
might provide an additional therapeutic option to
decrease the frequency of appropriate ICD thera-
pies in patients at risk. To address the impact of
CRT on the occurrence of ventricular arrhythmias
we analysed the frequency of ventricular arrhyth-
mias in the absence and presence of CRT.

PATIENTS AND METHODS
The protocol was reviewed and approved by the
Mayo Clinic Institutional Review Board.

Patients
All consecutive patients who underwent upgrade
from a single or dual chamber ICD to CRT-
defibrillator at Mayo Clinic between January 1999
and November 2005 who had >1 month of follow-
up prior to and following device upgrade were
included. Clinical and follow-up data were pro-
spectively entered into a centralised clinical record
that includes all clinical evaluations, ICD inter-
rogations and electrograms, echocardiographic
data, digital echocardiographic images, operative
notes, and digital radiographic records including
chest x rays, at Mayo Clinic and affiliated
hospitals, and retrospectively analysed. Left ven-
tricular dimensions and ejection fraction prior to
and following CRT were measured by echocardio-
gram in all patients.

CRT-defibrillator upgrade
All patients were considered eligible for CRT based
on accepted clinical criteria.10 In all cases, left
ventricular pacing was initially attempted via the
coronary sinus. If a coronary sinus lead could not
be placed, an epicardial left ventricular lead was
placed via a thoracotomy. The choice of device,
coronary sinus lead, and decision to abandon
coronary sinus lead placement were at the discre-
tion of the operator. All patients were observed for
24 h after upgrade, and coronary sinus lead
location and thresholds confirmed with a chest
x ray and device interrogation.
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Appropriate device function and pacing thresholds were
assessed at 24 h and at each follow-up. Device reprogramming
or lead revision, if necessary, was performed.

Ventricular arrhythmias
Ventricular arrhythmias were classified as non-sustained (ter-
minated spontaneously), sustained (requiring antitachycardia
pacing or shock therapy, excluding ventricular fibrillation), or
ventricular fibrillation (cycle length ,230 ms). Frequency of
ventricular arrhythmias was determined by calculating the
mean number of episodes per patient per month. All ventricular
arrhythmia events were retrieved at the time of device
interrogation during follow-up and entered into a centralised
database. Each episode of ventricular arrhythmia was reviewed
and classified as non-sustained, sustained ventricular tachycar-
dia or ventricular fibrillation according to our definitions. The
frequency (mean number of ventricular arrhythmia episodes per
patient per month) of ventricular arrhythmias and appropriate
ICD therapies was determined. Since all patients according to
the study design underwent upgrade from an ICD to CRT
device, episode data from the ICD were obtained retrospectively
(although from the same centralised database).

Comparison of frequency of ventricular arrhythmias
All patients in the study underwent upgrade from an ICD to
CRT device, such that each patient served as his or her own
control for comparison of frequency of ventricular arrhythmias
prior to and following CRT. However, to account for differences
in the frequency of ventricular arrhythmias that may have
resulted from progression of congestive heart failure or left
ventricular dysfunction, we also compared our study group
with a cohort of control subjects matched for age, gender,
ejection fraction, and ICD device, who had not undergone
upgrade of an ICD to a CRT device. To ensure an equivalent
length of follow-up to our study patients, we also matched the
implant date of the control subjects to the initial ICD implant
date of the study patients.

CRT-defibrillator follow-up
All CRT devices were interrogated at 24 h and once again at
1 month after implantation, and subsequently every 3 months
thereafter. Stored electrograms were obtained during each
device interrogation, entered into a centralised database and
reviewed and classified according to the same definitions.

Statistical analysis
Differences in the frequency of ventricular arrhythmias (mean
number of episodes per patient per month) prior to and
following CRT were compared using a Wilcoxon signed rank
test. A p value of ,0.05 was considered significant. All-cause
mortality or need for heart transplantation following CRT was
determined (Kaplan–Meier estimates).

RESULTS
Baseline characteristics
A total of 53 patients underwent upgrade from ICD to CRT-
defibrillator between January 1999 and November 2005 and
were included. Baseline characteristics are summarised in table 1.
There were 46 men (88%) and six women (12%). Mean age was
70 (SD 10) years. Underlying cardiac disease was ischaemic in 41
patients (79%) and non-ischaemic in 11 patients (21%). All
patients were New York Heart Association functional class II–
III at the time of device upgrade. Initial ICD placement was for

secondary prevention of sudden cardiac death in 50 patients
(96%) and primary prevention in two patients (4%). Indication
for ICD implant in the secondary prevention patients was
sustained ventricular arrhythmias or cardiac arrest in 33
patients (63%), and non-sustained ventricular arrhythmias in
association with syncope and inducible ventricular arrhythmias
(sustained monomorphic ventricular tachycardia in all cases,
induction of non-sustained ventricular arrhythmias ((30 beats)
or polymorphic ventricular tachycardia was not considered an
indication for ICD implantation) at electrophysiology study in
17 patients (33%). Atrial fibrillation was present in 33 patients
(63%).

Left ventricular end-diastolic and end-systolic dimensions
were 68.11 (SD 9.66) mm and 60.45 (SD 10.50) mm, respec-
tively, and mean ejection fraction was 22% (SD 8%) prior to
CRT.

Medications prior to upgrade to a CRT device are summarised
in table 2. All patients were on maximal tolerated medical
therapy for congestive heart failure. Thirty-six patients (69%)
were taking ACE inhibitors or angiotensin receptor blockers, 35
(67%) were taking bblockers, and 33 (63%) were on digoxin. A
total of 24 patients (46%) were on antiarrhythmic drug therapy,
with 20 (38%) on Amiodarone, five (10%) on Mexilitene, and
one (2%) on Sotalol. Non-antiarrhythmic cardiac medications
are shown in table 2.

CRT device upgrade
All patients met accepted clinical criteria for upgrade to a CRT
device. In 12 patients (23%) who also met criteria for CRT,
upgrade occurred at the time of planned device generator
change. No patients were upgraded specifically for the purpose
of reducing ventricular arrhythmia burden. Initial implantation
success and need for coronary sinus lead revisions are shown in
table 3. A coronary sinus lead was successfully placed in 49
patients (94%). In three patients (6%), an epicardial left
ventricular lead was required. In one of these patients, the
epicardial lead failed and a coronary sinus lead was subsequently
placed successfully. The epicardial left ventricular lead remained
stable in the other two patients. Mean fluoroscopy time was
41.57 (SD 30.26) minutes, which was not significantly different
when compared with 46.30 (SD 28.97) minutes in our entire
CRT implant population (p = 0.30).

Acute lead revision (,24 h) was required in three patients;
this was for increased pacing thresholds in two, and macro-
dislodgement of the coronary sinus lead in one patient. Chronic

Table 1 Baseline characteristics

Age (mean (SD)) 70 (10) years

Gender

Male 46 (88%)

Female 6 (12%)

Ischaemic Cardiomyopathy 41 (79%)

Non-ischaemic Cardiomyopathy 11 (21%)

ICD implant indication

Primary prevention 2 (4%)

Secondary prevention 50 (96%)

Ventricular arrhythmia 33 (63%)

Syncope* 17 (33%)

Ejection Fraction (mean (SD)) 22% (8%)

LVEDD (mean (SD)) 68.11 (9.66) mm

LVESD (mean (SD)) 60.45 (10.50) mm

*inducible ventricular arrhythmia on invasive electrophysiology study. LVEDD, left
ventricular end diastolic dimension; LVESD, left ventricular end systolic dimension; SD,
standard deviation.
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lead revision (.24 h) was required in two patients at 1 and
19 months following device upgrade. In one of these, right atrial
capture was present due to dislodgement of the left ventricular
lead into the right atrium. The other had increased pacing
thresholds requiring multiple lead revisions. In the remaining 45
patients, the coronary sinus lead remained stable over a mean
follow-up time of 14 (SD 12.75) months without the need for
lead revision.

Following CRT
Patient characteristics following CRT are summarised in table 3.
Mean ejection fraction increased to 27% (SD 11%), an increase
of 5% (SD 9%) (p,0.01) from baseline. No significant change
was observed in left ventricular end diastolic and end systolic
dimensions (+0.12 (SD 5.83) mm, p = 0.64 and 20.60 (SD
5.34) mm, p = 0.90, respectively).

Medication use prior to and following upgrade to a CRT-
defibrillator is summarised in table 2. Although use of Digoxin
and b-blockers did increase following upgrade (33 versus 36
patients, p = 0.53, 33 versus 38 patients, p = 0.52, respectively),
while use of ACE inhibitors and angiotensin receptor blockers
decreased (36 versus 31 patients, p = 0.31), these differences
were not significant. Use of antiarrhythmic drugs was also
unchanged following CRT-defibrillator upgrade.

Survival
Survival of patients following upgrade to CRT device was 88%,
77%, 66%, 61% at 6, 12, 24, and 36 months, respectively.

Frequency of ventricular arrhythmias
The frequency of ventricular arrhythmias and appropriate ICD
therapies were determined 38.40 (SD 33.02) and 15.63 (SD
11.49) months prior to and following CRT, respectively.

Sustained ventricular arrhythmias
The frequency of sustained ventricular arrhythmias (requiring
either antitachycardia pacing or shock therapy, excluding
ventricular fibrillation) was 0.07 (SD 0.17) prior to and 0.16
(SD 0.52) following CRT (mean per patient per month) and was
not significantly different (p = 0.70; fig 2).

Ventricular fibrillation
The frequency of ventricular fibrillation was 0.05 (SD 0.12)
prior to and 0.25 (SD 1.40) following CRT (mean per patient per
month) and was also not significantly different (p = 0.12; fig 3).

Non-sustained ventricular arrhythmias
The frequency of non-sustained ventricular arrhythmias was
also unchanged after CRT and was 2.38 (SD 9.78) prior to and
58.51 (SD 412.73) (mean per patient per month) following CRT
(p = 0.66; fig 1A). The large standard deviation was due to one
patient with .40 000 asymptomatic episodes of non-sustained
ventricular arrhythmias following CRT. After exclusion of that
patient from analysis, no significant difference in the frequency
of non-sustained ventricular arrhythmias prior to and following
CRT was seen (1.08 (SD 2.68) versus 1.28 (SD 3.58), mean per
patient per month, prior to and following CRT (p = 0.65;
fig 1B)).

Comparison with control group
To determine whether the potential beneficial effect of CRT on
the frequency of ventricular arrhythmias was offset by worsening
congestive heart failure, we identified 52 patients matched for
age, gender, ejection fraction, device type, and implant date to
serve as a control group. Of these, 34 had > 1 month of follow-up
and were used for comparison of frequency of ventricular
arrhythmias prior to and following CRT. During a mean
follow-up time of 48.47 (SD 32.03) months, the frequency of
sustained ventricular arrhythmias, ventricular fibrillation, and
non-sustained ventricular arrhythmias was 2.49 (SD 12.69), 0.04
(SD 0.12), and 2.00 (SD 6.46), respectively. No significant
differences in the frequency of ventricular arrhythmias prior to
or following CRT (p = 0.27, 0.73, 0.82 prior to CRT, p = 0.29,
0.29, 0.33 following CRT) were observed in comparison with the
study patients.

DISCUSSION
The major finding of this study is that, in patients with
congestive heart failure and usual indications for CRT, CRT is
not associated with a decrease in the frequency of sustained and
non-sustained ventricular arrhythmias or appropriate device
therapy despite evidence of favourable ventricular remodelling
following CRT. We also found that the frequency of ventricular
arrhythmias in patients with severe left ventricular dysfunction
treated with CRT is not different from patients with similar
clinical characteristics who are not receiving CRT. Therefore,
use of CRT to decrease the frequency of ventricular arrhythmias
or appropriate device therapy is not warranted.

Our findings contrast with those of previous studies that have
reported both an increase and a decrease in the frequency of
ventricular arrhythmias following CRT.4 6 8 11–13 The mechanism

Table 2 Medications

Prior to
CRT (%)

Following
CRT (%) p Value

Diuretics 37 (71) 34 (65) 0.53

ACE inhibitors/Angiotensin
receptor blockers

36 (69) 31 (60) 0.31

b-blockers 35 (67) 38 (73) 0.52

Digoxin 33 (63) 36 (69) 0.53

Long-acting Nitrates 15 (29) 14 (27) 0.83

Calcium channel blockers 2 (4) 1 (2) 0.56

Amiodarone 20 (38) 24 (46) 0.42

Mexilitene 5 (10) 5 (10) 1.00

Sotalol 1 (2) 0 (0) 0.31

CRT, cardiac resynchronisation therapy.

Table 3 Implantation and follow-up

No. of patients %

Coronary sinus lead implantation success 49 94

Acute lead revision ((24 h) 3 6

Increased pacing thresholds 2 4

Macrodislodgement 1 2

Chronic lead revision (.24 h) 2 4

Extra-cardiac stimulation* 1 2

Increased pacing thresholds 1 2

Multiple lead revisions 1 2

Fluoroscopy time (mean (SD)) (minutes) 41.57 (30.26)

Ejection Fraction (mean (SD)) 27% (11%)

LVEDD (mean (SD)) 68.23 (10.63) mm

LVESD (mean (SD)) 60.05 (12.13) mm

*Coronary sinus lead stimulated right atrium. CRT, cardiac resynchronisation therapy;
LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic
dimension; SD, standard deviation.
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by which CRT is thought to improve outcome is via decreased
wall stress due to reversed remodelling. Although we did not
observe a significant decrease in left ventricular size, we did
observe a similar increase in ejection fraction following CRT to
that of two previous studies that found decreased frequency of
ventricular arrhythmias following upgrade from an ICD to a
CRT-defibrillator, suggesting that our patients had a similar
haemodynamic benefit from CRT, yet no change in the
frequency of ventricular arrhythmias.4 8 These studies, however,
were limited by small sample size and may have overestimated
the effect of CRT on ventricular arrhythmia burden. In contrast,
our study represents the largest single-centre series of patients
undergoing upgrade from an ICD to a CRT-defibrillator, with the
longest follow-up time. Moreover, by comparison of our study
patients with a matched control group, we have demonstrated
that the frequency of ventricular arrhythmias is similar in
patients with and without CRT devices, which further supports
the notion that CRT does not impact on the occurrence of
ventricular arrhythmias.

It has been reported that CRT may also have a pro-
arrhythmic potential. Although several mechanisms may under-
lie this, animal studies using epicardial pacing via the coronary
sinus have demonstrated prolongation of the QT interval and
torsades des pointes.12 A pro-arrhythmic effect of CRT has also
been reported in humans.11 13 14 Although we did in fact observe
an increase in the number of ventricular arrhythmia episodes
after CRT, this difference was not statistically significant.

Our data demonstrating a neutral effect of CRT on
ventricular arrhythmias is consistent with the findings of the

CONTAK-CD and Multisite InSync Randomized Clinical
Evaluation-ICD (MIRACLE-ICD) trials, which also found no
effect of CRT on ventricular arrhythmias or appropriate ICD
therapies.1 5 7 The importance of our findings is that all data are
derived from a single-centre experience with uniform and
complete follow-up, thereby avoiding possible confounding
due to differences in device follow-up and programming. The
impact of CRT alone on mortality is less clear. A recent meta-
analysis including data from the extension phase of Cardiac
Resynchronization-Heart Failure (CARE-HF) provided evidence
against a benefit of CRT alone on risk of sudden cardiac
death.15 16 These findings are consistent with ours and suggest
that the mortality benefit of CRT is not related to a reduction
in the frequency of ventricular arrhythmias but is more likely
related to improved haemodynamic status as a consequence of
ventricular reverse remodelling.

In conclusion, in patients with usual indications for CRT
undergoing upgrade from ICD therapy, CRT alone is not
associated with a reduction in the frequency of ventricular
arrhythmias or ventricular fibrillation. Therefore, these data do
not support the use of CRT alone as an effective therapy for
frequent ventricular arrhythmias and appropriate ICD shocks in
patients with worsening heart failure at risk of sudden cardiac
death.

STUDY LIMITATIONS
Due to the retrospective study design, differences in device
programming and/or initiation of antiarrhythmic drug therapy
occurring as a result of a documented ventricular arrhythmia

Figure 1 A. Frequency of non-sustained
ventricular arrhythmias per patient per
month prior to (pre-CRT) and following
(post-CRT) upgrade from an ICD to a CRT-
defibrillator. Each point represents mean
number of events per month in an
individual patient. B. Identical plot of
frequency of non-sustained ventricular
arrhythmias after exclusion of patient
with .40 000 episodes. Mean number of
events per month for the entire study
group, both pre-CRT and post-CRT, is
shown (grey line).

Figure 2 Frequency of sustained ventricular arrhythmias per patient
per month prior to (pre-CRT) and following (post-CRT) upgrade from an
ICD to a CRT-defibrillator. Each point represents mean number of events
per month in an individual patient. Mean number of events per month for
the entire study group, both pre-CRT and post-CRT, is shown (grey line).

Figure 3 Frequency of ventricular fibrillation per patient per month prior
to (pre-CRT) and following (post-CRT) upgrade from an ICD to a CRT-
defibrillator. Each point represents mean number of events per month in
an individual patient. Mean number of events per month for the entire
study group, both pre-CRT and post-CRT, is shown (grey line).
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could not be accounted for. However, use of antiarrhythmic
drug therapy was unchanged overall during the study period. In
addition, due to the relatively small sample size, differences in
outcome and occurrence of ventricular arrhythmias could not be
determined in ‘‘responders’’ versus ‘‘non-responders’’ to CRT.

CONCLUSIONS
Based upon our findings, CRT does not decrease the frequency
of ventricular arrhythmias, and therefore upgrade of an ICD to a
device capable of CRT to decrease the frequency of appropriate
ICD therapies or to reduce symptoms from ventricular
arrhythmias is unlikely to be of benefit.
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