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Background—Benefits of cardiac resynchronization therapy (CRT) on morbidity and mortality in selected patients are well
known. Although the number of upgrade procedures from single- or dual-chamber devices to CRT is increasing, there
are only sparse data on the outcomes of upgrade procedures compared with de novo CRT. This study aimed to evaluate
clinical response and survival in patients receiving de novo versus upgrade CRT defibrillator therapy.
Methods and Results—Prospectively collected outcome data were compared in patients undergoing de novo or upgrade
CRT defibrillator implantation at 3 implant centers in Germany and Hungary. Clinical response was defined as an
improvement by at least one New York Heart Association (NYHA) functional class. CRT implantation was performed in
552 consecutive patients of whom 375 underwent a de novo and 177 an upgrade procedure. Upgrade patients were more
often implanted for secondary prevention, suffered more often from atrial fibrillation, chronic kidney disease, diabetes
mellitus, and dyslipidemia, and had more often a non-LBBB (left bundle branch block) wide QRS complex, and lower
left ventricular ejection fraction. Upgrade procedures were associated with a lower response rate compared to the de novo
group (57% versus 69%, P univariate=0.008, P multivariate=0.021). During the follow-up of 37±28 months, survival was
worse after upgrade compared with de novo CRT defibrillator implantations (hazard ratio, 1.65; 95% confidence interval,
1.22–2.24; P=0.001) even after careful adjustment for important baseline variables (adjusted hazard ratio, 1.68; 95%
confidence interval, 1.20–2.34; P=0.002) and after propensity-score matching (propensity-adjusted hazard ratio, 1.79;
95% confidence interval, 1.08–2.95; P=0.023).
Conclusions—Both clinical response and long-term survival were less favorable in patients undergoing CRT upgrade compared
to de novo implantations.  (Circ Arrhythm Electrophysiol. 2017;10:e004471. DOI: 10.1161/CIRCEP.116.004471.)
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T

he beneficial impact of newly implanted cardiac resynchronization therapy (CRT) on morbidity and mortality
are well described in selected patients with heart failure.1–6
Patients with heart failure already fitted with a conventional
pacemaker or implantable cardioverter defibrillator (ICD)
system are often considered for a CRT upgrade after the new
development of CRT criteria (ie, new left bundle branch block
[LBBB]) or because of the need of frequent right ventricular pacing. The latest 2012 American College of Cardiology
Foundation/American Heart Association/Heart Rhythm
Society guidelines recommend a CRT upgrade at the time of
device replacement with anticipated requirement for significant ventricular pacing as a class IIa indication for patients with
a left ventricular ejection fraction (LVEF) ≤35%.7 In the latest

European pacemaker and CRT guidelines from 2013, upgrade
procedures from conventional pacemakers or ICDs to CRT are
considered as a class I indication (level B) for heart failure
patients with a New York Heart Association (NYHA) functional class of III to ambulatory IV, LVEF ≤35%, and a high
percentage of ventricular pacing.8 Accordingly, the number
of upgrade procedures from single- or dual-chamber devices
to CRT is increasing. However, there is only weak scientific
evidence about the outcomes of patients undergoing upgrade
procedures compared with de novo CRT implantations.8,9

See Editorial by Shetty and Rinaldi
Accordingly, the aim of this study was to compare clinical response and long-term survival in a large cohort of
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WHAT IS KNOWN
Patients with heart failure who already have a
conventional pacemaker or implantable cardioverter defibrillator system are often considered
for an upgrade to cardiac resynchronization
therapy.
However, there is only weak scientific evidence
about outcomes after upgrade procedures compared with de novo cardiac resynchronization
therapy implantations.

WHAT THE STUDY ADDS
Both clinical response and long-term survival
were less favorable in patients undergoing cardiac resynchronization therapy upgrade compared with de novo implantations in this large
multicenter observational study.
Findings were consistent even after careful adjustment for possible confounders using multivariate Cox regression analysis or propensity
score matching.
Our observations need to be considered when
counseling individual patients on an upgrade to
cardiac resynchronization therapy.

consecutive patients receiving either de novo or upgrade CRT
defibrillator (CRT-D) therapy.

Methods
Patient Population
Implantation and outcome data were prospectively collected from
consecutive patients undergoing CRT-D implantation at the J.W.
Goethe University (Frankfurt, Germany), at the Evangelical Hospital
Bielefeld (Bielefeld, Germany), and at the Medical Centre, Hungarian
Defence Forces (Budapest, Hungary). CRT was considered for patients on optimized medical treatment with heart failure of NYHA
functional class from II to IV, LVEF of ≤35%, and QRS width of
>120 ms (de novo group).8 Furthermore, patients with previously
implanted pacemakers or ICDs who developed the above-mentioned
criteria with or without need for continuous ventricular pacing were
also considered for CRT (upgrade group). The study was approved
by the institutional review board of the J.W. Goethe University and
complies with the ethical guidelines of the Declaration of Helsinki.

Device Implantation
CRT–ICDs from various manufacturers were used (Biotronik,
Germany; ELA/Sorin, Italy; Guidant/Boston Scientific, Marlborough,
MA; Medtronic, Minneapolis, MN; St. Jude Medical, St. Paul, MN)
after standard indications for primary or secondary prophylaxis of
sudden cardiac death. Left ventricular leads were implanted transvenously, preferably the lateral or posterolateral vein or a side-branch
in close proximity to the posterolateral area, avoiding apical positions
as suggested in the guidelines.8 In case of unsuccessful attempts of
coronary sinus lead implantation, an epicardial approach was used
as a separate procedure. Patients were followed-up in the outpatient
clinic of participating hospitals in 6 months’ intervals or when clinically indicated.

Study End Points
Outcome measures were clinical response to CRT and long-term
mortality. Patients were considered to be responders if they survived

to the 6 months follow-up visit with an improvement of at least 1
NYHA functional class. Echocardiographic data, including LVEF
and left ventricular end-diastolic diamater (LVEDD), were also collected at baseline and reassessed at 6 months after the initiation of
resynchronization therapy. Survival was assessed as the time from
CRT implantation to all-cause mortality.

Statistical Analysis
Statistical analysis was performed using SPSS Statistics software,
version 23.0 (IBM, Armonk, NY) with the R software plug-in (The
R Fundation, version 3.1.0) for propensity score matching. The
Kolmogorov–Smirnov test was used to evaluate the normal distribution of continous data. The χ2 test was used to test for categorical
variables and the 2-sample t test or the Mann–Whitney U test for
continuous variables among patients groups.
The effects of baseline parameters on response rate were assesed by the χ2 test and by a multivarite logistic regression model.
To assess the effects of procedure type (ie, de novo versus upgrade)
on survival, the Cox proportional hazards regression model was
used. The statistical models were adjusted for potential baseline
confounders, including sex, age, primary/secondary prevention indication, ethology of heart failure, atrial fibrillation, hypertension,
dyslipidemia, diabetes mellitus, stroke/transient ischemic attack,
peripheral arterial disease, chronic obstructive pulmonary disease,
baseline NYHA class, baseline LVEF, presence of LBBB, QRS
width, estimated glomerular filtration rate, and therapy with antiplatelet drugs, anticoagulants, β-blockers, angiotensin-converting
enzyme inhibitors/angiotensin receptor blockers, mineralocorticoid
receptor antagonists, diuretics, statins, amiodarone, and digitalis,
respectively. The univariate mortality risk assessment was also repeated among propensity score–matched patient groups. Patients
receiving upgrade CRT were matched 1:1 with de novo subjects
using the nearest neighbor matching method with a caliper of 0.2 by
applying baseline characteristics listed above for the multivariate
Cox regression.
Survival curves were constructed according to the Kaplan–Meier
method and compared with the Cox proportional hazard model and
the Wald test for the multivariate analysis. In addition, survival analysis was repeated for subgroups according to NYHA functional class
(NYHA II versus NYHA III–IV) and to QRS width/morphology (>150
ms, LBBB). Two-sided P values <0.05 were considered statistically
significant.

Results
Patients Characteristics
A total of 552 CRT-D recipients (Frankfurt 332, Bielefeld
103, and Budapest 117) were included in this analysis of
whom 375 (68%) underwent a de novo implantation. A total
of 177 patients (32%) had a previously implanted pacemaker or ICD system and underwent an upgrade procedure.
Patients in the upgrade group were more often implanted
for secondary prevention, suffered more often from atrial
fibrillation, chronic kidney disease with a lower estimated
glomerular filtration rate, diabetes mellitus, dyslipidemia,
and had more often a non-LBBB wide QRS complex, and
a lower LVEF. Furthermore, amiodarone and digitalis were
more often prescribed for patients undergoing upgrade procedures (Table 1).

Response to CRT
Follow-up data on the NYHA status at 6 months were available in 96% of patients. After an upgrade procedure, 96 of
169 (57%) patients responded to CRT by improving their
NYHA functional status by at least 1 class compared with
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Table 1. Baseline Characteristics
All
(552)
Male
Age (Mean±SD)

De Novo
(375)

Upgrade
(177)

427 (77.4%) 288 (76.8%) 139 (78.5%)
67.1±11.1

66.5±11.3

68.3±10.4

P Value
0.650
0.141

Primary prevention

438 (79.3%) 335 (88.9%) 103 (58.2%) <0.001*

Ischemic
cardiomyopathy

298 (54.0%) 195 (51.7%) 103 (58.2%)

0.173

Atrial fibrillation

198 (35.9%) 124 (32.9%)

0.046*

Chronic kidney
disease

282 (51.1%) 165 (43.8%) 117 (66.1%) <0.001*

Hypertension

381 (69.0%) 258 (68.8%) 123 (69.5%)

0.870

Diabetes mellitus

195 (35.3%) 117 (31.2%)

78 (44.1%)

0.003*

Dislipidemia

246 (44.6%) 155 (41.3%)

91 (51.4%)

0.026*

74 (41.8%)
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Stroke/TIA

69 (12.5%)

47 (12.5%)

22 (12.5%)

0.973

Peripheral artery
diesease

52 (9.4%)

36 (9.6%)

16 (9.0%)

0.833

Chronic obstructive
pulmonary disease

67 (12.1%)

50 (13.3%)

17 (9.6%)

0.211

Left bundle branch
block†

404 (74.8%) 287 (78.6%) 117 (66.9%)

0.003*

NYHA baseline
(Mean±SD)

2.76±0.65

2.75±0.66

2.81±0.61

0.229

EF baseline
(Mean±SD)‡

25.4±7.3

25.3±7.0

24.0±7.9

0.026*

QRS width baseline
(Mean±SD)§

160.3±28.7 155.3±26.8 170.8±29.8

<0.001*

eGFR (Mean±SD)‖

62.1±52.6

65.4±59.2

55.1±34.1

<0.001*

Hemoglobin
(Mean±SD)¶

13.2±2.0

13.2±2.0

13.4±1.8

0.334

309 (56.0%) 213 (56.8%)

96 (54.2%)

0.571

Anticoagulation

272 (49.3%) 178 (47.5%)

94 (53.1%)

0.216

β-Blocker

533 (96.6%) 361 (96.3%) 172 (97.2%)

0.585

ACE-inhibitors/
angiotensin receptor
blockers

524 (94.9%) 358 (95.5%) 166 (93.8%)

0.401

Diuretics

497 (90.0%) 335 (89.3%) 162 (91.5%)

0.422

Mineralocorticoid
receptor anatgonists

397 (71.9%) 269 (71.7%) 128 (72.3%)

0.887

Statin

368 (66.7%) 250 (66.7%) 118 (66.7%)

1.000

Amiodarone

116 (21.0%)

Digitalis

213 (38.6%) 128 (34.1%)

Antiplatelet therapy

56 (14.9%)

measurements (baseline and 6 months of follow-up) were
available in 358 patients for LVEF (65%) and in 316 patients
for LVEDD (57%). The echocardiographic changes were in
line with the results of observed response rates based on the
assessment of NYHA functional class. The improvement of
LVEF and the decrease of LVEDD at 6 months were higher
in the de novo group compared to the upgrade patients (ΔEF
6.7±9.4 versus 2.9±9.0, P<0.001; ΔLVEDD −3.5±6.7 versus
0.0±12.2, P=0.003; Figure 2).

Mortality During Follow-Up
During a mean follow-up period of 37±28 months, survival
was significantly worse among patients undergoing upgrade
procedures compared to de novo CRT-D implantations (hazard ratio [HR], 1.65; 95% confidence interval [CI], 1.22–2.24;
P=0.001; Table 2; Figure 3). After adjustment for potential
confounders, all-cause mortality continued to be higher for
patients in the upgrade group (adjusted HR, 1.68; 95% CI,
1.20–2.34; P=0.002; Table 2; Figure 3).
Using a 1:1 nearest neighbor matching protocol, a
cohort of 121 pairs of patients undergoing de novo or
upgrade CRT operation was assembled. Compared with
prematched patients, those in the matched cohort showed
completely balanced clinical parameters across a spectrum
of the 26 baseline characteristics (Table I and Figure I in the
Data Supplement). Also in this propensity-matched cohort,
patients undergoing upgrade procedures had a higher
mortality risk than patients undergoing de novo implantations (propensity-adjusted HR, 1.79; 95% CI, 1.08–2.95;
P=0.023; Table 2; Figure 4).

Subgroup Analysis
Among patients with NYHA functional class II, there was
no statistically significant difference in survival after de novo
versus upgrade implantations (HR, 1.27; 95% CI, 0.61–2.65;
P=0.527). However, in the subgroup of patients with NYHA
class III–IV, the risk of all-cause mortality was higher in
the upgrade group (HR, 1.67; 95% CI, 1.19–2.35; P=0.003;
Figure 5). The response rate for de novo versus upgrade procedures was 67% versus 60% and 71% versus 62% in the subgroups of patients with LBBB or LBBB and QRS >150 ms
(P=NS; Table II in the Data Supplement). The risk of death
after upgrade CRT was increased in both the subgroups (Table
II in the Data Supplement).

Discussion

60 (33.9%) <0.001*
85 (48.0%)

0.002*

ACE indicates angiotensin-converting enzyme.
†Available information for 540 patients.
‡Available information for 550 patients.
§Available information for 546 patients.
‖Available information for 539 patients.
¶Available information for 456 patients.

247 of 360 (69%) patients in the de novo group (P=0.008).
The lower response rate among upgrade patients remained
statistically significant in a multivariate logistic regression
analysis (P=0.021; Figure 1). Pairwise echocardiographic

Main Findings
The principal finding of this multicenter study comprising
>550 CRT-D recipients is that survival after upgrade procedures was worse than after de novo implantations. All-cause
mortality continued to be significantly higher for patients in
the upgrade group after adjusting for potential confounders
with multivariate Cox regression analysis and after applying propensity score matching. Similarly, clinical response
was less favorable after an upgrade procedure compared with
de novo implantations. To the best of our knowledge, this is
one of the largest observational studies demonstrating worse
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Figure 1. Clinical response rate at
6-month follow-up.
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outcomes in patients undergoing a CRT upgrade compared to
de novo CRT-D implantations.

Outcomes After Upgrade CRT
There is only sparse clinical evidence about clinical response to
CRT after upgrade procedures. The few observational studies providing a head-to-head comparisons with de novo CRT implantations showed, in general, comparable results on various clinical
parameters (eg, NYHA class, quality of life, 6-minute walk test,
LVEF, end-systolic diameter, BNP levels, or hospitalizations).10–15

However, most of these studies were limited by their small
patient sizes. In a recent European survey, similar improvements
in NYHA functional class and similar reduction in QRS duration were found; however, more patients reported unchanged
global assessment status in the upgrade group.9
Unfortunately, randomized, controlled data on the mortality of patients undergoing upgrade procedures are completely
lacking. The available evidence mostly stems from the already
mentioned survey report9 and from smaller retrospective analyses, which have yielded partially contradictory results. In the

Figure 2. Left ventricular ejection fraction
at baseline and at 6-month follow-up.
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Table 2. Risk of Death by Implantation Type: De Novo vs Upgrade CRT
Univariate Cohort
(n=552)

All-cause mortality

Multivariate Cohort
(n=501)*

Propensity-Matched Cohort
(n=242)*

HR (CI 95%)

P Value

HR (CI 95%)

P Value

HR (CI 95%)

P Value

1.65 (1.22–2.24)

0.001

1.68 (1.20–2.34)

0.002

1.79 (1.08–2.95)

0.023

ACEIs indicates angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; CI, confidence interval; CRT, cardiac resynchronization therapy; EF,
ejection fraction; eGFR, estimated glomerular filtration rate; HR, hazard ratio; LBBB, left bundle branch block; NYHA, New York Heart Association; TIA, transient ischemic
attack.
*Models were adjusted for sex, age, primary prevention, pathogenesis, atrial fibrillation, hypertension, dyslipidemia, diabetes mellitus, stroke/TIA, peripheral artery
disease, chronic obstructive pulmonary disease, baseline NYHA class, baseline EF, LBBB, QRS with at baseline, eGFR, NYHA response, and therapy with antiplatelet
drugs, anticoagulants, β-blockers, ACEIs/ARBs, diuretics, mineralocorticoid receptor antagonists, statins, amiodarone, and digitalis.
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largest single-center observational study,14 patients upgraded
to CRT from previous RV-pacing tended to have better outcomes in terms of all-cause mortality (adjusted HR, 0.73; 95%
CI, 0.53–1.01; P=0.055) compared with CRT patients without
previous RV pacing. However, upgraded patients had smaller
end-systolic and end-diastolic volumes at baseline; these different grades of remodeling may have influenced the response
to CRT. Foley et al11 described a similar long-term risk of mortality and morbidity between 336 patients undergoing de novo
and 58 CRT recipients undergoing upgrade procedures from RV
pacing. Of note, however, our study comprises more than 3× as
many upgrade patients. No significant differences were found
in a composite end point of 1-year device-related complication
rate including death after 134 upgrade CRT operations compared with a randomly matched, equally sized sample of de novo

CRT implantations in a retrospective single-center analysis.16
However, when analyzed separately, 1-year mortality was more
than doubled after upgrade procedures (19/113 versus 8/123).
The overall weak scientific evidence about the beneficial
effects of a CRT upgrade has been recently emphasized by
the 2016 European heart failure guidelines.17 These guidelines
restrict the indication for upgrade CRT as a IIb class (level
B) and do not indicate upgrade for patients with stable heart
failure or with a QRS duration of <130 ms.

Factors Responsible for Reduced Benefit in
Upgrade CRT Patients
In our series, patients in the upgrade group had more advanced
heart disease and more comorbidities, which could explain the
observed worse outcome. To account for these differences,

Figure 3. Kaplan–Meier curves for allcause mortality by implantation type (all
patients). CI indicates confidence interval;
and HR, hazard ratio.
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Figure 4. Kaplan–Meier curves for allcause mortality by implantation type (propensity-matched patients). CI indicates
confidence interval; and HR, hazard ratio.
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we carefully adjusted the data for these baseline differences
by various methods, including propensity score matching. In
these adjusted analyses, findings consistent with the crude
unadjusted analysis were observed.
Several considerations may help to explain our findings.
The first one relates to the fact that resynchronization therapy may have been initiated too late in subjects who were
upgraded from conventional pacemaker/ICD systems. It is
conceivable that these patients were further advanced in their
disease process and hence cardiac resynchronization had less
chance to modify the risk for bad outcomes. This hypothesis
is supported by the subgroup analysis according to NYHA
functional class in which NYHA II patients showed similar
mortality after both, de novo, and upgrade CRT. However,
survival in NYHA III–IV patients was worse after upgrade
procedures compared with de novo implantations. Chang et
al18 showed recently that among patients who developed heart
failure while being long-term paced from the RV only those
responded to the CRT upgrade whose LVEF was ≥43.5% at
the time of deployment of RV pacing.
In addition, there is convincing evidence that only patients
with typical LBBB respond well to CRT, but not those with
RBBB or nonspecific intraventricular conduction disturbances.4–6 Accordingly, the worse clinical response pattern in
patients with unspecific QRS abnormalities including those
with a paced wide QRS complex may constitute another factor disfavoring CRT therapy. Our subgroup analysis according
to QRS morphology and duration supports this notion.

Finally, CRT upgrade procedures may be associated with
greater surgical risk than de novo procedures. Generally, reoperations could be more complex and carry a higher risk of acute
complications, such as venous access issues, the risk of damage or extraction of old leads, higher infection rates, and longer
procedure times. Notably, the incidence of postoperative complications was highest in patients undergoing the addition of a
transvenous lead for replacement or upgrade in the REPLACE
registry (Implantable Cardiac Pulse Generator Replacement).19
In the report from the Danish Pacemaker and ICD Register
comprising 5918 consecutive patients, a system upgrade was
also associated with a significantly higher complication risk
(adjusted risk ratio, 1.3; 95% CI, 1.0–1.7; P=0.02).20

Limitations
Because our study comprises a nonrandomized patient
population, residual bias cannot be excluded. However,
we aimed to minimize potential confounding by carefully
adjusting our data to important patient characteristics possibly responsible for worse outcomes with 2 different statistical methods (ie, adjusted multivariate Cox regression
and propensity score matching). It should be also noted that
the matched propensity score analysis excludes 32% of the
upgrade subjects, and thus addresses the question of comparability in a somewhat different population. Furthermore,
echocardiographic follow-up parameters were not available
for all patients.
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Figure 5. All-cause mortality in subgroups according to New York Heart Association (NYHA) functional class (Kaplan–Meier curves by
implantation type). CI indicates confidence interval; and HR, hazard ratio.

Conclusions
Both clinical response and long-term outcome are less favorable in patients undergoing CRT-D upgrade compared to de
novo implantation, even after careful adjustment for possible
confounders. These findings warrant confirmation in prospective randomized trials, such as the ongoing BUDAPEST-CRT
Upgrade Study.21 Until these results become available, our
observations need to be considered when counseling individual patients on the need for a CRT upgrade.

3.

4.

Acknowledgments
We thank Prof Dr Eva Herrmann for her advice in the statistical part of
the study. The technical support of Antje Steidl is greatly appreciated.

Disclosures
Dr Vamos reports lecture fees from Bayer and Pfizer and travel support from Bayer and SJM, outside the submitted work. Dr Linzbach
received consulting fees from Pfizer, Daiichi Sankyo, Bayer und
Boston Scientific, outside the submitted work. Dr Israel received
consulting fees from Medtronic, and St. Jude Medical, lecture fees
from Biotronik, Boston Scientific, Medtronic, Sorin/Livanova, and
St. Jude Medical, and sponsored research from Boston Scientific,
Medtronic, and Sorin/Livanova, outside the submitted work. Dr
Duray received speakers’ bureau from Medtronic, Biotronik, SJM,
and Johnson&Johnson, outside the submitted work. Dr Hohnloser
received consulting fees Bayer, BI, Boston Scientific, BMS, Gilead,
J&J, Medtronic, Pfizer, SJM, sanofi-aventis, and Cardiome, outside
the submitted work. The other authors report no conflicts.

5.

6.

7.

References
1. Lewis GF, Gold MR. Developments in cardiac resynchronisation therapy. Arrhythm Electrophysiol Rev. 2015;4:122–128. doi: 10.15420/
aer.2015.04.02.122.
2. Al-Majed NS, McAlister FA, Bakal JA, Ezekowitz JA. Meta-analysis:
cardiac resynchronization therapy for patients with less symptomatic

8.

heart failure. Ann Intern Med. 2011;154:401–412. doi: 10.7326/00034819-154-6-201103150-00313.
Cleland JG, Abraham WT, Linde C, Gold MR, Young JB, Claude Daubert
J, Sherfesee L, Wells GA, Tang AS. An individual patient meta-analysis of
five randomized trials assessing the effects of cardiac resynchronization
therapy on morbidity and mortality in patients with symptomatic heart
failure. Eur Heart J. 2013;34:3547–3556. doi: 10.1093/eurheartj/eht290.
Zareba W, Klein H, Cygankiewicz I, Hall WJ, McNitt S, Brown M,
Cannom D, Daubert JP, Eldar M, Gold MR, Goldberger JJ, Goldenberg
I, Lichstein E, Pitschner H, Rashtian M, Solomon S, Viskin S, Wang P,
Moss AJ; MADIT-CRT Investigators. Effectiveness of cardiac resynchronization therapy by QRS Morphology in the Multicenter Automatic
Defibrillator Implantation Trial-Cardiac Resynchronization Therapy
(MADIT-CRT). Circulation. 2011;123:1061–1072. doi: 10.1161/
CIRCULATIONAHA.110.960898.
Sipahi I, Chou JC, Hyden M, Rowland DY, Simon DI, Fang JC. Effect of
QRS morphology on clinical event reduction with cardiac resynchronization therapy: meta-analysis of randomized controlled trials. Am Heart J.
2012;163:260–267.e3. doi: 10.1016/j.ahj.2011.11.014.
Cunnington C, Kwok CS, Satchithananda DK, Patwala A, Khan MA,
Zaidi A, Ahmed FZ, Mamas MA. Cardiac resynchronisation therapy is
not associated with a reduction in mortality or heart failure hospitalisation
in patients with non-left bundle branch block QRS morphology: metaanalysis of randomised controlled trials. Heart. 2015;101:1456–1462. doi:
10.1136/heartjnl-2014-306811.
Tracy CM, Epstein AE, Darbar D, DiMarco JP, Dunbar SB, Estes NA
III, Ferguson TB Jr, Hammill SC, Karasik PE, Link MS, Marine JE,
Schoenfeld MH, Shanker AJ, Silka MJ, Stevenson LW, Stevenson
WG, Varosy PD, Ellenbogen KA, Freedman RA, Gettes LS, Gillinov
AM, Gregoratos G, Hayes DL, Page RL, Stevenson LW, Sweeney
MO; American College of Cardiology Foundation; American Heart
Association Task Force on Practice Guidelines; Heart Rhythm Society.
2012 ACCF/AHA/HRS focused update of the 2008 guidelines for devicebased therapy of cardiac rhythm abnormalities: a report of the American
College of Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines and the Heart Rhythm Society. [corrected].
Circulation. 2012;126:1784–1800. doi: 10.1161/CIR.0b013e3182618569.
Brignole M, Auricchio A, Baron-Esquivias G, Bordachar P, Boriani G,
Breithardt OA, Cleland J, Deharo JC, Delgado V, Elliott PM, Gorenek B,
Israel CW, Leclercq C, Linde C, Mont L, Padeletti L, Sutton R, Vardas
PE, Zamorano JL, Achenbach S, Baumgartner H, Bax JJ, Bueno H, Dean

8   Vamos et al   Clinical Outcomes After Upgrade vs De Novo CRT

9.

10.

Downloaded from http://circep.ahajournals.org/ by guest on November 19, 2017

11.

12.

13.

14.

V, Deaton C, Erol C, Fagard R, Ferrari R, Hasdai D, Hoes AW, Kirchhof
P, Knuuti J, Kolh P, Lancellotti P, Linhart A, Nihoyannopoulos P, Piepoli
MF, Ponikowski P, Sirnes PA, Tamargo JL, Tendera M, Torbicki A, Wijns
W, Windecker S, Kirchhof P, Blomstrom-Lundqvist C, Badano LP, Aliyev
F, Bänsch D, Baumgartner H, Bsata W, Buser P, Charron P, Daubert JC,
Dobreanu D, Faerestrand S, Hasdai D, Hoes AW, Le Heuzey JY, Mavrakis
H, McDonagh T, Merino JL, Nawar MM, Nielsen JC, Pieske B, Poposka L,
Ruschitzka F, Tendera M, Van Gelder IC, Wilson CM; ESC Committee for
Practice Guidelines (CPG); Document Reviewers. 2013 ESC Guidelines
on cardiac pacing and cardiac resynchronization therapy: the Task Force
on cardiac pacing and resynchronization therapy of the European Society
of Cardiology (ESC). Developed in collaboration with the European Heart
Rhythm Association (EHRA). Eur Heart J. 2013;34:2281–2329. doi:
10.1093/eurheartj/eht150.
Bogale N, Witte K, Priori S, Cleland J, Auricchio A, Gadler F, Gitt A,
Limbourg T, Linde C, Dickstein K; Scientific Committee, National coordinators and the investigators. The European Cardiac Resynchronization
Therapy Survey: comparison of outcomes between de novo cardiac resynchronization therapy implantations and upgrades. Eur J Heart Fail.
2011;13:974–983. doi: 10.1093/eurjhf/hfr085.
Marai I, Gurevitz O, Carasso S, Nof E, Bar-Lev D, Luria D, Arbel Y,
Freimark D, Feinberg MS, Eldar M, Glikson M. Improvement of congestive heart failure by upgrading of conventional to resynchronization pacemakers. Pacing Clin Electrophysiol. 2006;29:880–884. doi:
10.1111/j.1540-8159.2006.00455.x.
Foley PW, Muhyaldeen SA, Chalil S, Smith RE, Sanderson JE, Leyva
F. Long-term effects of upgrading from right ventricular pacing to cardiac resynchronization therapy in patients with heart failure. Europace.
2009;11:495–501. doi: 10.1093/europace/eup037.
Paparella G, Sciarra L, Capulzini L, Francesconi A, De Asmundis C,
Sarkozy A, Cazzin R, Brugada P. Long-term effects of upgrading to biventricular pacing: differences with cardiac resynchronization therapy as
primary indication. Pacing Clin Electrophysiol. 2010;33:841–849. doi:
10.1111/j.1540-8159.2010.02701.x.
Fröhlich G, Steffel J, Hürlimann D, Enseleit F, Lüscher TF, Ruschitzka F,
Abraham WT, Holzmeister J. Upgrading to resynchronization therapy after chronic right ventricular pacing improves left ventricular remodelling.
Eur Heart J. 2010;31:1477–1485. doi: 10.1093/eurheartj/ehq065.
Gage RM, Burns KV, Bank AJ. Echocardiographic and clinical response to
cardiac resynchronization therapy in heart failure patients with and without previous right ventricular pacing. Eur J Heart Fail. 2014;16:1199–
1205. doi: 10.1002/ejhf.143.

15. Tayal B, Gorcsan J III, Delgado-Montero A, Goda A, Ryo K, Saba S,
Risum N, Sogaard P. Comparative long-term outcomes after cardiac resynchronization therapy in right ventricular paced patients versus native
wide left bundle branch block patients. Heart Rhythm. 2016;13:511–518.
doi: 10.1016/j.hrthm.2015.11.001.
16. Ter Horst IA, Kuijpers Y, van ‘t Sant J, Tuinenburg AE, Cramer MJ, Meine
M. “Are CRT upgrade procedures more complex and associated with more
complications than de novo CRT implantations?” A single centre experience. Neth Heart J. 2016;24:75–81. doi: 10.1007/s12471-015-0771-9.
17. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ,
Falk V, González-Juanatey JR, Harjola VP, Jankowska EA, Jessup M,
Linde C, Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP, Rosano
GM, Ruilope LM, Ruschitzka F, Rutten FH, van der Meer P; Authors/
Task Force Members. 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis
and treatment of acute and chronic heart failure of the European Society
of Cardiology (ESC)Developed with the special contribution of the Heart
Failure Association (HFA) of the ESC. Eur Heart J. 2016;37:2129–2200.
doi: 10.1093/eurheartj/ehw128.
18. Chang PC, Wo HT, Chen TH, Wu D, Lin FC, Wang CC. Remote past
left ventricular function before chronic right ventricular pacing predicts
responses to cardiac resynchronization therapy upgrade. Pacing Clin
Electrophysiol. 2014;37:454–463. doi: 10.1111/pace.12291.
19. Poole JE, Gleva MJ, Mela T, Chung MK, Uslan DZ, Borge R, Gottipaty
V, Shinn T, Dan D, Feldman LA, Seide H, Winston SA, Gallagher JJ,
Langberg JJ, Mitchell K, Holcomb R; REPLACE Registry Investigators.
Complication rates associated with pacemaker or implantable cardioverter-defibrillator generator replacements and upgrade procedures: results
from the REPLACE registry. Circulation. 2010;122:1553–1561. doi:
10.1161/CIRCULATIONAHA.110.976076.
20. Kirkfeldt RE, Johansen JB, Nohr EA, Jørgensen OD, Nielsen JC.
Complications after cardiac implantable electronic device implantations:
an analysis of a complete, nationwide cohort in Denmark. Eur Heart J.
2014;35:1186–1194. doi: 10.1093/eurheartj/eht511.
21. Merkely B, Kosztin A, Roka A, Geller L, Zima E, Kovacs A, Boros
AM, Klein H, Wranicz JK, Hindricks G, Clemens M, Duray GZ, Moss
AJ, Goldenberg I, Kutyifa V. Rationale and design of the BUDAPESTCRT Upgrade Study: a prospective, randomized, multicentre clinical
trial [published online ahead of print October 06, 2016]. Europace. doi:
10.1093/europace/euw193. https://academic.oup.com/europace/article/
doi/10.1093/europace/euw193/2952403/Rationale-and-design-of-theBUDAPEST-CRT-Upgrade. Accessed January 20, 2017.

Effects of Upgrade Versus De Novo Cardiac Resynchronization Therapy on Clinical
Response and Long-Term Survival: Results from a Multicenter Study
Mate Vamos, Julia W. Erath, Zsolt Bari, Denes Vagany, Sven P. Linzbach, Tatsiana
Burmistrava, Carsten W. Israel, Gabor Z. Duray and Stefan H. Hohnloser
Downloaded from http://circep.ahajournals.org/ by guest on November 19, 2017

Circ Arrhythm Electrophysiol. 2017;10:e004471
doi: 10.1161/CIRCEP.116.004471
Circulation: Arrhythmia and Electrophysiology is published by the American Heart Association, 7272 Greenville
Avenue, Dallas, TX 75231
Copyright © 2017 American Heart Association, Inc. All rights reserved.
Print ISSN: 1941-3149. Online ISSN: 1941-3084

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circep.ahajournals.org/content/10/2/e004471

Data Supplement (unedited) at:
http://circep.ahajournals.org/content/suppl/2017/02/15/CIRCEP.116.004471.DC1

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation: Arrhythmia and Electrophysiology can be obtained via RightsLink, a service of the Copyright
Clearance Center, not the Editorial Office. Once the online version of the published article for which
permission is being requested is located, click Request Permissions in the middle column of the Web page
under Services. Further information about this process is available in the Permissions and Rights Question and
Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation: Arrhythmia and Electrophysiology is online at:
http://circep.ahajournals.org//subscriptions/

SUPPLEMENTAL MATERIAL

Supplementary Table 1 Baseline characteristics of propensity-matched patients
All (242)
182 (75.2%)
67.5±10.8
185 (76.4%)
136 (56.2%)
93 (38.4%)
140 (57.9%)
172 (71.1%)
93 (38.4%)
120 (49.6%)
25 (10.3%)
19 (7.9%)
21 (8.7%)

De novo (121)
90 (74.4%)
67.4±11.4
93 (76.9%)
68 (56.2%)
46 (38.0%)
66 (54.5%)
88 (72.7%)
45 (37.2%)
60 (49.6%)
12 (9.9%)
10 (8.3%)
11 (9.1%)

Upgrade (121)
92 (76.0%)
67.6±10.2
92 (76.0%)
68 (56.2%)
47 (38.8%)
74 (61.2%)
84 (69.4%)
48 (39.7%)
60 (49.6%)
13 (10.7%)
9 (7.4%)
10 (8.3%)

p‐value
0.766
0.898
0.880
1.000
0.895
0.298
0.571
0.692
1.000
0.833
0.811
0.819

178 (73.6%)

94 (77.7%)

84 (69.4%)

0.145

NYHA baseline (Mean±SD)
EF baseline (Mean±SD)
QRS width baseline (Mean±SD)

2.77±0.65
25.1±7.3
165.7±26.0

2.77±0.68
25.1±7.1
166.2±25.2

2.77±0.66
25.0±7.5
165.3±26.9

0.908
0.783
0.773

eGFR (Mean±SD)

58.8±31.0

59.0±22.6

58.6±37.7

0.229

Hemoglobin (Mean±SD)*
Antiplatelet therapy
Anticoagulation
ß‐Blocker
ACE‐Inhibitors/Angiotensin
recepter blockers
Diuretics
Mineralocorticoid receptor
anatgonists
Statin
Amiodarone
Digitalis

13.4±13.3
132 (54.5%)
123 (50.8%)
238 (98.3%)
231 (95.5%)

13.2±1.8
65 (53.7%)
63 (52.1%)
119 (98.3%)
115 (95.0%)

13.5±1.8
67 (55.4%)
60 (49.6%)
119 (98.3%)
116 (94.5%)

0.226
0.796
0.700
1.000
0.758

221 (91.3%)
177 (73.1%)

112 (92.6%)
92 (76.0%)

109 (90.1%)
85 (70.2%)

0.493
0.310

159 (65.7%)
52 (21.5%)
102 (42.1%)

79 (65.3%)
25 (20.7%)
51 (42.1%)

80 (66.1%)
27 (22.3%)
51 (42.1%)

0.892
0.754
1.000

Male
Age (Mean±SD)
Primary prevention
Ischemic cardiomyopathy
Atrial fibrillation
Chronic kidney disease
Hypertension
Diabetes Mellitus
Dislipidemia
Stroke/TIA
Peripheral artery diesease
Chronic obstructive pulmonary
disease
Left bundle branch block

*Available information for 191 patients
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Supplementary Table 2 Response rate and risk of mortality in the subgroups of
patients with LBBB or LBBB and QRS > 150ms

Subgroups
Pts with LBBB
Pts with LBBB and
QRS > 150ms

Response Rate
De novo
Upgrade
67%
60%
(185/275) (68/113)
71%
62%
(117/166) (45/73)

p‐value
0.182
0.178

Mortality
HR (CI 95%)
1.63
(1.12‐2.37)
1.96
(1.25‐3.08)

p‐value
0.010
0.004

Supplementary Figure 1 Dotplot of standardized mean differences for 26 baseline
characteristics between patients undergoing de novo or upgrade CRT implantation,
before and after propensity score matching
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