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Aims The European CRT Survey is a joint initiative of the Heart Failure Association (HFA) and the European Heart Rhythm
Association (EHRA) of the European Society of Cardiology evaluating the contemporary implantation practice of
cardiac resynchronization therapy (CRT) in Europe.

Methods Patients who had a successful CRT implantation were enrolled from 141 centres in 13 countries between November

and results 2008 and June 2009. Baseline demographics, clinical and implantation data were collected, with a follow-up of ~1
year (9—15 months). The current report describes clinical outcomes including symptom severity, cardiovascular
(CV) hospitalization, and survival. A total of 2438 patients were enrolled, and follow-up data were acquired from
2111 patients (87%). The population included important groups of patients poorly represented in randomized con-
trolled trials, including very elderly patients and those with prior device implantation, atrial fibrillation, and/or QRS
duration <120 ms. Investigators reported substantial improvement in New York Heart Association (NYHA) func-
tional class at follow-up. Patient self-assessment indicated that 81% of the patients felt improved, 16% reported
no change, and 4% reported deterioration. During follow-up, 207 (10%) patients died, 346 (16%) had a CV hospi-
talization, and 501 (24%) died or had CV hospitalization. Worse NYHA functional class, atrial fibrillation, ischaemic
aetiology, and device type (CRT-P, i.e. CRT alone) were associated with poorer survival. Women had a better
outcome, as did patients who had a CRT-D (with an implantable cardioverter defibrillator function) device.

Conclusions Outcomes including death and hospitalization in this European CRT survey were consistent with results from clinical
trials of CRT. At 1 year follow-up, most patients who received a CRT device considered their symptoms improved
compared with their pre-implant assessment. Although prospective, this is an observational study of successful CRT
implantations, and outcomes in subgroup analyses must be interpreted with appropriate conservatism.

Clinical study no: NCT 01185392
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Introduction * Guidelines for Cardiac Pacing? the 2008 ESC Heart Failure Guide-
. lines” and the 2008 ACC/AHA/HRS Guidelines for Device
Cardiac resynchronization therapy (CRT) improves symptoms and Therapy'® provide class | A recommendation for CRT treatment
reduces morbidity and mortality.'”” The 2007 ESC/EHRA : with or without an implantable cardioverter defibrillator (ICD)

* Corresponding author: Tel: +47 97577673, Fax: +47 51519921, Email: nigussie.bogale@lyse.net

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2011. For permissions please email: journals.permissions@oup.com.

2102 ‘2 A%eniged uo aigqnioQ ap 820 [e1IdsoH e /6.o'sfeulnopioxo” jyine//:dny wouy papeojumoq


http://eurjhf.oxfordjournals.org/

62

N. Bogale et al.

function in patients with New York Heart Association (NYHA)
functional class Il and IV, QRS width >120 ms. and left ventricular
ejection fraction (LVEF) <35% in order to improve symptoms and
reduce mortality. More recent studies have explored the effect of
CRT in patients with mild symptoms and markers of cardiac dys-
synchrony most of whom were already indicated for an ICD,>™’
resulting in a focused ESC guideline update on device therapy."
Meanwhile, there has been a substantial increase in implantation
rates for CRT across Europe, although with marked differences
amongst countries.™"?

Surveys and registries differ from randomized controlled trials
(RCTs) in several ways, and both approaches have their strengths
and limitations. RCTs are designed to evaluate the response to inter-
ventions, but also measure outcomes,'* by scientifically validated
methods. However, they often exclude patients with co-morbidities
and rely on statistical precision and consistency across subgroups.'”
Surveys capture data from a much more heterogeneous population
and are closer to actual clinical practice.’®™"® However, they are
subject to selection bias and missing data, and only measure outcomes
rather than the response to therapy.'*

We performed a survey to evaluate contemporary European
practice related to CRT implantations with or without an ICD as
a joint initiative of the Heart Failure Association (HFA) and the
European Heart Rhythm Association (EHRA) of the European
Society of Cardiology (ESC). The first publications, describing
the patients and implant procedures, provided important informa-
tion on clinical characteristics, diagnostic criteria, adverse events,
in-hospital course, status at discharge, physician adherence to
guideline recommendations, and the influence of the volume of
implants at a centre.”?® These reports show major differences
between guidelines and clinical practice. Substantial numbers of
patients had milder symptoms, narrow QRS width, and had a pre-
vious device (permanent pacemakers and ICDs). This publication
reports the 1 year (9—15 months) follow-up results of patients
included into this survey.

Methods

Design

The rationale and design of the CRT Survey have been published pre-
viously.”" All centres implanting CRT with or without an ICD were
invited to participate. Centres were asked to enrol consecutive suc-
cessful implantations performed between 1 November 2008 and 30
June 2009. The variables captured at 1 year follow-up included survival,
hospitalization, patient global assessment (self-reported), NYHA func-
tional class, electrocardiogram (ECG), key echocardiographic data, and
device-related complications.

Participating countries and centres
A total of 141 centres from the following 13 ESC countries partici-
pated: Austria, Belgium, France, Germany, Ireland, Israel, Italy, The
Netherlands, Norway, Spain, Sweden, Switzerland, and the UK. The
number of patients from each is shown in Appendix 3.

Data collection

Data were collected using electronic case report forms (eCRFs). The
contents for both index hospitalization and follow-up variables have

been reported.”’ A follow-up assessment was planned 9—15 months
post-implantation. The window of 6 months was allowed in order to
give enough time to capture data from routine device follow-ups.

Two national co-ordinators, one each from the fields of heart failure
and electrophysiology, were selected and given the responsibility of
facilitating recruitment and follow-up in their respective countries
(Appendix 1). Germany and Sweden have ongoing device registries
in most of their centres which includes CRT which capture most of
the information contained in the CRT Survey eCRF. With permission
from both of the Steering Committees (Appendix 2), CRT follow-up
data were merged into the CRT Survey database.

A central database was created at the data management centre,
Institut fir Herzinfarktforschung in Ludwigshafen an der Universitat
Heidelberg, Germany which also maintained and interrogated the data-
base and performed analyses. A web site, www.crt-survey.org, sup-
ported by the ESC Web department provided all the relevant
documents and permitted online data entry. Ethical approval and
written informed consent were obtained according to the rules for
clinical investigations in each participating country at the initiation of
the study.

Statistical methodology

Absolute numbers and percentages are shown for categorical variables
to describe the patient population, and means [with standard devia-
tions (SD)] or medians (with quartiles) for continuous variables. Cat-
egorical variables were compared between subgroups by the
Pearson x* test and continuous variables (numeric values) by the
Mann—Whitney—Wilcoxon test. Descriptive statistics were calculated
for the available cases. Logistic regression analysis was performed for
selected variables. Kaplan—Meier survival estimates were performed
for age, gender, aetiology, rhythm, QRS durations, and device type.
A significance level of P < 0.05 was assumed for the statistical tests,
and all P-values are results of two-tailed tests. All statistical analyses
were performed using SAS® statistical software, version 9.1 (Cary,
North Carolina, USA).

Results

This survey enrolled 2438 patients during the 8 month inclusion
period. One-year follow-up data (9-15 months), including vital
status, were available for 2111 (87%) patients. Most patients received
CRT with an ICD function (CRT-D) rather than CRT alone (CRT-P).
The characteristics of patients who did not have follow-up data were
similar to those of the overall population. During follow-up, 207
(10%) patients died, 346 (16%) were hospitalized for cardiovascular
causes, and 501 (24%) were hospitalized or died.

Mortality (Table 1)

Patients who died were slightly older, were likely to be men, were
more likely to have ischaemic heart disease, diabetes mellitus,
chronic lung disease, and atrial fibrillation, had lower LVEF, were
less likely to be prescribed beta-blockers and more likely to be
prescribed diuretics, had worse NYHA functional class, and were
more likely to be hospitalized for heart failure the previous year,
as shown by unadjusted description of baseline characteristics in
the table.

Patients with narrow QRS complex, left bundle branch block
(LBBB), or paced ventricular rhythm had similar survival rates,
but those with right bundle branch block (RBBB) had a worse
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Table | Baseline characteristics of survivors vs. dead patients, patients with and without cardiovasular hospitalization, and the composite of both with follow-up
data (n = 2111)

Dead Alive P-value CV No CV P-value Death or CV No death or CV P-value
hospitalization hospitalization hospitalization hospitalization
Patients (n, %) 207 (9.8) 1904 (90.2) 346 (14.3) 1451 (59.8) 501 (20.7) 1621 (66.8)
Demographics
Age (years, median) 71 (65-76) 70 (62-76) <0.01 69 (61-75) 70 (62-76) 0.32 70 (63-76) 70 (62-76) 0.44
Age >75 71 (34) 575 (30) 0.22 100 (29) 446 (31) 050 156 (31) 491 (30) 0.76
Women 32 (16) 456 (24) <0.01 68 (20) 363 (25) <0.05 92 (18) 400 (25) <0.01
HF aetiology®
Ischaemic 118 (61) 888 (50) <0.01 170 (53) 702 (52) 0.51 258 (56) 750 (50) <0.05
Non-ischaemic 53 (28) 725 (41) <0.001 126 (40) 503 (41) 0.77 164 (36) 614 (41) 0.05
Other 22 (11) 157 (9) 0.25 17 (5) 88 (7) 0.46 37 (8) 142 (9) 0.37
Past medical history®
HF hospitalization last year 119 (69) 914 (54) <0.001 215 (63) 764 (53) <0.01 296 (64) 740 (52) <0.0001
Diabetes mellitus 78 (45) 479 (28) <0.0001 106 (31) 409 (28) 0.38 165 (35) 394 (28) <0.01
Chronic lung disease 48 (28) 265 (16) <0.0001 67 (20) 230 (16) 0.12 99 (21) 216 (15) <0.01
NYHA functional class
| 3(2) 27 (2) 0.91 2(1) 22 (2) 0.17 4 (1) 26 (2) 0.17
Il 21 (11) 364 (21) <0.01 48 (14) 316 (22) <0.001 66 (14) 320 (21) <0.0001
1l 119 (65) 1251 (71) 0.09 243 (72) 969 (69) 024 330 (70) 1050 (70) 0.91
\% 41 (22) 127 (7) <0.0001 45 (13) 105 (7) <0.001 71 (15) 97 (7) <0.0001
LVEF % 24 +7 27 + 8 <0.0001 26 +8 27 + 8 <0.05 26 +8 27 + 8 0.21
Rhythm?
Sinus 133 (65) 1391 (74) <0.01 220 (65) 1063 (74) <0.001 320 (65) 1209 (76) <0.0001
Atrial fibrillation 64 (31) 410 (22) <0.01 106 (31) 305 (21) <0.001 154 (31) 323 (20) <0.0001
Other 94 71 (4) 0.68 13 (4) 61 (4) 0.72 20 (4) 63 (4) 0.92
QRS complex?
Normal 28 (14) 240 (74) 0.76 45 (13) 170 (12) 0.49 66 (13) 205 (13) 0.78
LBBB 126 (61) 1270 (68) 0.05 233 (69) 1020 (72) 031 324 (66) 1079 (68) 0.37
RBBB 21 (10) 108 (6) <0.05 23 (7) 96 (7) 0.97 39 (8) 91 (6) 0.08
Other 34 (17) 246 (13) 0.18 36 (11) 139 (10) 0.63 66 (13) 214 (13) 0.97
Ventricular paced rhythm 38 (18) 341 (18) 0.94 51 (15) 241 (17) 0.39 81 (16) 300 (19) 0.22
QRS durations 162 + 33 157 + 31 0.13 156 + 33 157 + 31 0.50 158 + 32 157 + 31 0.86
QRS durations®
<130 ms 22 (14) 286 (18) 0.15 54 (18) 247 (18) 070 69 (16) 240 (18) 0.39
130 to <160 ms 53 (33) 455 (29) 0.30 100 (32) 387 (29) 022 134 (32) 379 (29) 0.23
160—180 ms 51 (32) 532 (34) 0.57 101 (33) 454 (34) 0.70 140 (33) 446 (34) 0.82
Continued
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Table | Continued

Dead Alive P-value CV No CV P-value Death or CV No death or CV P-value
hospitalization hospitalization hospitalization hospitalization

>180 ms 35(22) 297 (19) 0.39 54 (18) 254 (19) 0.55 79 (19) 255 (19) 0.79
Device typef

CRT-D 129 (63) 1365 (72) <0.01 264 (77) 1088 (76) 0.51 357 (72) 1146 (71) 0.78

CRT-P 77 (37) 521 (28) <0.01 77 (23) 349 (24) 0.51 139 (28) 461 (29) 0.78
Medical treatment®

Beta-blocker 123 (73) 1426 (85) <0.0001 293 (86) 1193 (84) 040 379 (82) 1181 (84) 0.34

Diuretics 159 (94) 1456 (87) <0.01 309 (90) 1227 (86) <0.05 421 (91) 1205 (86) <0.01

ACE inhibitors 106 (63) 1135 (67) 0.22 223 (65) 962 (68) 045 296 (64) 955 (68) 0.15

ARB 31 (18) 410 (24) 0.08 81 (24) 345 (24) 0.77 105 (23) 337 (24) 0.54

Aldosterone antagonist 80 (47) 755 (45) 0.54 171 (50) 623 (44) <0.05 225 (49) 614 (44) 0.07

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CRT-D and CRT-P, cardiac resynchronization with or without an implantable cardioverter defibrillator function, respectively; CV, cardiovascular, HF, heart failure;
LBBB, left bundle branch block; LVEF, left venticular ejection fraction; NYHA, New York Heart Association; RBBB, right bundle branch block.

Patient information available in the six rows, respectively (dead/alive, CV hospitalization/no CV hospitalization and death or CV hospitalization/ no death or CV hospitalization):

459/1506, 313/1343, and 193/1770.

©466/1419, 344/1439, and 173/1701.

471/1493, 338/1412, and 184/1769.

9494/1595, 339/1429, and 206/1872.

€161/1570, 309/1342, and 422/1320.

f496/1607, 341/1437, and 206/1886.

8461/1403, 342/1422, and 169/1685.

2102 ‘2 Afenige4 uo a.gnioQ ap 820Q [eldsoH e /Bio'sfeulnolpioxo’ jyliney/:dny wouy papeojumoq

v9

0 30 9)edog ‘N


http://eurjhf.oxfordjournals.org/

Follow-up results of the European CRT Survey

65

A

@ 1 P =0.0002
2 095

=

«w 09 =

g \R‘\N—‘.
-§ 0.85 -\' -,|
o

§ 0.75

go

§ 0.7 .

5 0 200 400 600

days after implantation
CRT-D =——CRT-P

P=0.0282

M

0.95 %
09

0.85 \'QQQ
0.8 -

0.75
0.7

200 400 600
days after implantation

proportion of patients surviving ()

=——MNon-isch. =——Ischaemic

0.95 |

0.9
0.85 -
0.8

0.75
0.7
0

200 400 600
days after implantation

proportion of patients surviving [Tl

—Age>76 -———Ageb2-76 ——Age<62

B

£ 1

E P=0.0038
0.

£ 095

2 09

5 \.‘\

= 0.85+ -

g \m_\_\;

s 08 ]

=

8 075

f

8 07 : :

2 0 200 400 600

days after implantation

=—5R or other =——AF

[y

o
o i
o »

0.85+

o
o

0.75

0.? T T T 1
0 200 400 600

days after implantation

proportion of patients surviving O

—Men —\Women

S
o

o
[+

S
~

0 200 400 600

days after implantation
= (RS duration > 180 ms
~—QRS duration 160-180 ms
= QRS duration 130-<160 ms
~— QRS duration < 130 ms

proportion of patients surviving T

Figure | Kaplan—Meier survival estimates of death (unadjusted analyses). (A) Device type CRT-D vs. CRT-P; (B) sinus rhythm vs. atrial fib-
rillation; (C) non-ischaemic vs. ischaemic aetiology; (D) men vs. women; (E) age groups; (F) QRS durations. CRT-D, cardiac resynchronization
therapy with an implantable cadioverter defibrillator (ICD) function; CRT-P, cardiac resynchronization therapy alone.

outcome. Survivors were more likely to have received a CRT-D.
Unadjusted Kaplan—Meier survival estimates suggested a better
prognosis in patients who received a CRT-D than patients with a
CRT-P (P < 0.0002, Figure 1A).

Cardiovascular hospitalization and
cardiovascular hospitalization or death
(Table 1)

Women were hospitalized less frequently than men (25% vs. 20%,
P < 0.05). Age, aetiology of disease, and prevalence of co-
morbidities, with the exception of atrial fibrillation, and the propor-
tion of patients that received a CRT-D was similar in patients who did
or did not have a CV hospitalization. QRS duration and morphology
were similar amongst patients who were or were not hospitalized.

Patients who were hospitalized had a slightly lower LVEF, were
more likely to be prescribed diuretics and aldosterone antagonists,
had more severe symptoms, and were more likely to be hospitalized
for heart failure in the year before implantation.

The characteristics of patients who did or did not reach the
composite outcome of cardiovascular hospitalization or death
were similar to the pattern shown for survival.

Actiology (Table 2, Figure 1)

Patients with ischaemic heart disease were older (71 vs. 68 years,
P < 0.0001), more likely to be men, more likely to have a QRS dur-
ation <130 ms (20% vs. 16%, P < 0.05), and less likely to have a
QRS duration of between 130 and <160 ms (31% vs. 36 %, P <
0.05) compared with patients who did not have ischaemic heart
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Table 2 Selected variables for ischaemic and
non-ischaemic aetiology (n, %)

Ischaemic Non-ischaemic  P-value

Age (years, median) 71 (65-77) 68 (60—75) <0.0001
Women 168 (15) 339 (32) <0.0001
QRS duration®

<130 ms 188 (20) 132 (16) <0.01

130 to <160ms 282 (30) 241 (28) 0.23

160—-180 ms 286 (31) 304 (36) <0.01

>180 ms 175 (19) 172 (20) 0.44
Device typeb

CRT-D 842 (77) 671 (63) <0.0001

CRT-P 251 (23) 391 (37) <0.0001

CRT-D and CRT-P, cardiac resynchronization with or without an implantable
cardioverter defibrillator function, respectively.

?Information available for 931 patients in the ischaemic and 849 in the
non-ischaemic group.

PInformation available for 1093 patients in the ischaemic and 1064 in the
non-ischaemic group.

disease. Patients with ischaemic heart disease had a somewhat
worse outcome on both unadjusted and multivariable analyses.

Atrial fibrillation (Table 3, Figure 1)

Patients with atrial fibrillation were older (72 vs. 69 years, P <
0.0001), and more patients in this category had QRS durations <
130 ms (22% vs. 17%, P < 0.05), RBBB (9% vs. 6%, P < 0.01), and
were allocated to a CRT-P rather than a CRT-D (39% vs. 29%, P <
0.0001). Patients with atrial fibrillation had a worse outcome on
both unadjusted and multivariable analyses.

QRS durations

Except for a slightly higher mortality in patients with RBBB, out-
comes were similar regardless of QRS morphology or duration
or presence of paced ventricular rhythm. Patients with QRS
<130 ms were more likely to have ischaemic heart disease and
be in atrial fibrillation.

Device type (Table 4)

CRT-D recipients were substantially younger (68 vs. 75 years, P <
0.0001), more likely to be women, and had significantly more pre-
vious ventricular fibrillation/sustained ventricular tachycardia (20%
vs. 2%, P < 0.0001). The proportions of patients with different
QRS morphology and durations were similar regardless of device
type implanted.

Predictors of death and cardiovascular
hospitalization (Table 5, and Figure 1
and 2)

Multivariable analyses were performed using the variables listed in
Table 1. These showed that NYHA functional class Ill-1V, atrial fib-
rillation, ischaemic aetiology, and allocation to device type CRT-P
were independently associated with poorer survival.

Table 3 Selected variables for atrial fibrillation and
sinus rhythm or other (n, %)

Atrial Sinus rhythm  P-value
fibrillation or other
Age (years, median) 71 (65-77) 69 (61-76) <0.0001
Women 112 (21) 441 (25) 0.06
RBBB* 50 (9) 104 (6) <0.01
QRS duration® 82 (22) 261 (16) <0.05
<130 ms
130 to <160 ms 107 (28) 481 (31) 0.38
160—180 ms 111 (29) 538 (34) <0.05
>180 ms 80 (21) 294 (19) 0.44
Device type©
CRT-D 338 (62) 1340 (75) <0.0001
CRT-P 207 (38) 442 (25) <0.0001

CRT-D and CRT-P, cardiac resynchronization with or without an implantable
cardioverter defibrillator function, respectively; RBBB, right bundle branch block.
?Information available for 543 patients in atrial fibrillation and 1791 in sinus rhythm
or other group.

PInformation available for 380 patients in atrial fibrillation and 1574 in sinus rhythm
or other group.

“Information available for 543 patients in atrial fibrillation and 1782 in sinus rhythm
or other group.

Table 4 Selected variables for CRT-D and CRT-P
recipients (n, %)

Age (years, median) 68 (61-74) 75 (68-80) <<0.0001

Age >75 396 (23) 337 (52) 0.0001
Women 363 (21) 194 (30) <0.0001
RBBB* 120 (7) 34 (5) 0.10
QRS duration®
<130 ms 269 (18) 75 (8) 0.37
130 to <160 ms 450 (30) 137 (30) 0.82
160-180 ms 493 (33) 155 (33) 0.86
>180 ms 277 (19) 95 (21) 0.35
Previous VF/sustained VT 295 (20) 15 (2) < 0.0001

CRT-D and CRT-P, cardiac resynchronization with or without an implantable
cardioverter defibrillator function, respectively; RBBB, right bundle branch block;
VF, ventricular fibrillation; VT, ventricular tachycardia.

?Information available for 1675 patients in the CRT-D and 646 in the CRT-P group
PInformation available for 1482 patients in the CRT-D and 462 in the CRT-P group

Variables associated with re-hospitalization or for the combin-
ation of death or hospitalization were NYHA IlI-IV functional
class and atrial fibrillation.

Upgraded patients vs. de novo
implantations

A recent report from this database shows that outcomes in
patients upgraded to CRT from permanent pacemakers and

ICDs were similar to those who received de novo implantations.””
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Table 5 Multivariate analysis for death, hospitalization, and death and hospitalization during the 1-year (9-15 months)

follow-up period

Variables

Death NYHA [lI-IV
Atrial fibrillation
Ischaemic aetiology
Device type: CRT-P
Age groups®
QRS durations®
Women

NYHA -1V
Atrial fibrillation

CV hospitalization

Ischaemic aetiology
Device type: CRT-P
Age groups®

QRS durations®
Women

NYHA llI-IV
Atrial fibrillation

Death or CV hospitalization

Ischaemic aetiology
Device type: CRT-P
Age groups”

QRS durations®
Women

OR 95% CI P-value
191 (1.16=3.17) 0.0116
1.81 (1.24-2.66) 0.0022
1.75 (1.20-2.54) 0.0034
1.65 (1.11-2.44) 0.0130
1.05 (0.80-1.38) 0.7211
0.96 (0.81-1.14) 0.0831
0.63 (0.39-1.02) 0.0589
1.76 (1.24-2.51) 0.0017
1.53 (1.12-2.09) 0.0073
1.02 (0.77-1.34) 0.9102
0.95 (0.69-1.31) 0.7645
1.04 (0.85-1.28) 0.6750
1.05 (0.92-1.19) 0.5094
0.71 (0.51-1.00) 0.0476
1.80 (1.32-2.46) 0.0002
1.69 (1.28-2.22) 0.0002
1232 (0.95-1.56) 0.1196
1.10 (0.83-1.46) 0.4989
1.05 (0.88—1.26) 0.5874
1.02 (0.91-1.15) 0.7188
0.68 (0.50-0.92) 0.0134

Cl, confidence interval; CRT-P, cardiac resynchronization without an implantable cardioverter defibrillator function; NYHA, New York Heart Association; OR, odds ratio.
?Age groups divided as <62, 6276, and > 76 based on quartiles (the oldest group as reference).
QRS durations divided as <130, 130—160, 160—180, and >180 ms based on quartiles (the widest group as reference).

Clinical status (Figure 3A and B)

Investigators reported a substantial improvement in NYHA func-
tional class. At the time of implant, 1902 (78%) patients were in
NYHA 1=V of whom 160 (8%) died. At follow-up 976 (50 %)
patients were in NYHA lll-IV. Of 536 (22%) patients who were
in NYHA |-II at the time of implant, only 1% died. The proportion
in NYHA I-Il had risen to 995 (50%) patients at follow-up. For
patients’ self-reported assessment of their global condition, 81%
felt much better/a little better, 16% reported no change, and 4%
reported worsening.

Complications

Table 6 reports device-related complications during the course of
follow-up, with an overall rate of 10%. Lead displacement and
phrenic nerve stimulation were the most common adverse
events at ~ 3%. Infection was reported in 1.6% of cases.

Discussion

This survey suggests that implanting a CRT-P or a CRT-D device is
associated with broadly similar impact on symptoms and rates of
hospitalization and survival as observed in landmark RCTs of
patients with predominantly NYHA functional class lll-IV heart

failure, despite embracing a far broader range of patients that
were also older and with more co-morbidity than in the landmark
trials. Comparison of baseline characteristics and outcomes of the
survey cohort with selected RCTs is provided in Table 7. In
CARE-HF, the 1-year mortality in patients assigned to CRT was
9.7% and ~ 25% of patients had been hospitalized for a major car-
diovascular event or died and by 18 months 62% were alive and in
NYHA [-11.2 A further analysis of CARE-HF that imputed the add-
itional effect of adding an ICD function to CRT suggests that this
would have provided an additional mortality benefit.** This
survey suggests that implanting CRT devices into a broader popu-
lation of patients who do not meet the inclusion criteria of the
landmark trials is associated with a favourable outcome.
However, this is no substitute for information from a RCT, and
the data must be interpreted with caution.

The population included important groups of patients poorly
represented or excluded from RCTs, including women, very
elderly patients, and those with prior device implantation, atrial fib-
rillation, and/or narrow QRS durations.”” Women had a lower
mortality than men despite being older and more likely to
receive a CRT-P than a CRT-D. Lower mortality may reflect a
lower prevalence of ischaemic disease in women, but randomized
trials comparing ICD with CRT-D have suggested greater benefit
in women. However, the effect of a CRT-P or a CRT-D on
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Parameter

Death

NYHA lI-IV

Atrial fibrillation -
Ischaemic aeticlogy
Device type: CRT - P
Age groups* +

QRS durations** 1
Women -
Hospitalization
NYHA -1V

Atrial fibrillation -
Ischaemic aetiology
Device type: CRT - P -
Age groups* +

QRS durations** |
Women +

Death of Hospitalization -
NYHA -1V

Atrial fibrillation -
Ischaemic aeticlogy
Device type: CRT - P -
Age groups* -

QRS durations** -
Women -

Upper limit (95 %
I et T G5 %)
0 OR

—8—

50 100 150
** QRS durations: < 130, 130-160, 160-180 and >180 ms

* age groups: <62, 62-76 and > 76 yrs
(the oldest group as reference)

T T T T
200 250 300 350

(the widest group as reference)

Figure 2 Forest plot presentation of parameters predicting death, hospitalization and death, or hospitalization. CRT, cardiac resynchroniza-

tion therapy; NYHA, New York Heart Asscoiation; OR, odds ratio.

A
100%
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60%
50%
40%
30%
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pre implant
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= —

worse

follow-up

10

dead

Figure 3 New York Heart Asscoiation (NYHA) functional
class shift pre-implantation to follow-up (A); patient self-reported
global assessment and rate of death during follow-up (B).

mortality was similar in men and women in both CARE-HF and
COMPANION. This survey cannot determine whether the
better outcome in women reflects a better outcome to CRT or
a better intrinsic prognosis amongst women. This survey suggests
that age is not a strong determinant of 1-year outcome in patients
who receive a CRT-P or CRT-D device, which is surprising since
age is usually a strong predictor of survival in patients with heart
failure. This could reflect a greater benefit of CRT in older patients,
although randomized trials suggest a similar response in younger
and older patients.

Many more CRT-D than CRT-P devices are implanted in all ESC
countries, although a substantial minority receive a CRT-P in some
countries. The COMPANION study® and an imputed analysis of
CARE-HF*® suggest a modest additional survival benefit from a
CRT-D. Patients who received a CRT-D device had a substantially
lower mortality in both univariate and multivariate analysis, as has
been reported in large patient series reported by others?®
However, these findings should be interpreted cautiously since
CRT-P recipients were older and had more atrial fibrillation. More-
over statistical analyses cannot correct for unrecorded confoun-
ders, hence the need for RCTs. The reasons for selecting a
CRT-D in preference to a CRT-P device may account for much
of the difference in outcome, although the inconclusive data
from randomized trials support an additional therapeutic effect.

Our survey included 544 patients (23 %) with atrial fibrillation.
These patients were older, more likely to receive a CRT-P, and
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had higher morbidity and mortality. Clinical trials provide conflict-
ing evidence regarding whether prevalent atrial fibrillation carries
independent prognostic information after correction for differ-
ences for age and symptoms, although new-onset atrial fibrillation
is associated with a sharp increase in mortality, suggesting that
patients with chronic atrial fibrillation are a survivor subgroup.”’
The RAFT trial included 115 patients (13%) with atrial fibrillation
or flutter.” No benefit of CRT-D compared with ICD was

Table 6 Device-related complications during 1 year
(9-15 months)

Parameters (n, %)

Device-related complications® 170 (10.3)
Lead displacement 55 (3.3)
Lead malfunction 13 (0.8)
Device-related arrhythmias 18 (1.1)
Phrenic nerve stimulation 51 (3.1)
Device replacement 6 (04)
Infection 27 (1.6)

?Information available for 1648 patients.

observed in this population. Information on the percentage of
cumulative biventricular pacing, the extent of AV node ablation
post-device implantation, or up-titration of medical treatment to
ensure adequate pacing was not captured in this survey, which
can potentially explain the observation of poorer outcome of
patients with atrial fibrillation and the disparity with other observa-
tional data sets.?8~%3

Landmark RCTs comparing CRT-P and CRT-D against medical
therapy included few patients with a QRS duration <140 ms but
did not identify a marked interaction between QRS duration and
the effect of CRT on mortality. Patients with RBBB have a worse
overall prognosis than those with LBBB, and may benefit less
from CRT, although many patients who have additional left-sided
fascicular blocks may still benefit>*** More recently, trials
comparing ICD and CRT-D have suggested that only patients
with either QRS >150 ms or LBBB benefit from a CRT-D,*
although controversy surrounds which is more important. We
found similar outcomes regardless of QRS duration. However, as
patients with longer QRS duration would be expected to have a
worse prognosis, the similar outcome could still be interpreted
as a greater response in those with longer QRS duration. A sub-
stantial long-term trial to confirm or refute a benefit from implant-
ing a CRT-P or CRT-D device compared with no device in patients
regardless of QRS duration is required. Information from trials
comparing ICD and CRT-D do not adequately address this

Table 7 Comparison of characteristics and outcomes between selected RCTs and CRT survey cohorts

COMPANION®  CARE-HF***

No. of patients (CRT-P/CRT-D) 1212 409
Control groups 308 404
Mean follow-up (months) 14.8-16.5 374
Baseline characteristics (%)

Mean age (years) 67 66

Men 67 74

Ischaemic heart disease 55 38

Atrial fibrillation 0* 0*

Previous device 0* 0*

Ventricular paced rhythm 0* 0*

RBBB 10 0*

QRS duration (ms) 160 165

Mean LVEF 22 24.8
NYHA class

I-II 0* 0*

-1V 100 100
Outcomes in the CRT-D/P treated group (n, %)

Mortality during follow-up 246 (20.3) 101 (24.7)

Death or hospitalization for HF 449 (37.1) 118 (28.9)¢

REVERSE*?® MADIT-CRT® RAFT’ CRT Survey
419 1089 894 2438

191 731 904 0

12 28.8 40 12

62 65 66 68

79 75 83 76

55 55 67 51

0 0 13 23

0? 0? NAP 28

0 0 8 18

10 13 9 6

153 65% >150 158 160

27 24 23 26

100 100 80 22

0 0 20 78

9(22) 74 (6.8) 186 (20.8) 207 (9.8)°
26 (6.2) 187 (17.2) 297 (332) 501 (23.7)°

CRT-D and CRT-P, cardiac resynchronization with or without an implantable cardioverter defibrillator function, respectively; HF, heart failure; LVEF, left venticular ejection

fraction; NYHA, New York Heart Association; RBBB, right bundle branch block.
*These were exclusion criteria in the trials.

®Previous ICDs were exclusion criteria in RAFT and only paced rhythm is reported.
“Follow-data available for 2111 (86.6 % of the total cohort).

dCombined mortality and hospitalization data from CARE-HF 2005 publication.
®Hospitalization data available for 1797 (73.7 % of the total cohort).
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question. A large trial, Echo-CRT, is addressing the question of
whether dyssynchrony measured by echocardiography can identify
a group of patients with shorter QRS duration who benefit from
CRT-D rather than ICD implantation, but will not answer the
question of the impact of CRT compared with no device nor
the impact of devices in patients with narrow QRS who do not
have dyssynchrony.

Ischaemic heart disease predicts a worse outcome amongst
patients with heart failure, and patients with ischeamic heart
disease had a worse outcome in this survey. Randomized trials
confirm that patients with ischaemic heart disease have a worse
prognosis and less benefit from CRT in terms of ventricular remod-
elling® but, in terms of benefits on morbidity and mortality, the rela-
tive benefits in patients with and without ischaemic heart disease is
similar*®2® and therefore the absolute reduction in mortality may
be somewhat greater in patients with ischeamic heart disease.

The lack of insight into the mechanism of benefits of CRT is frus-
trating and may reflect the fact that the main mechanism of benefit
varies from one patient to the next and from one time and situ-
ation to another.>® Mitral regurgitation, prevention of tachy- and
bradyarrythmias, ventricular remodelling, as well as atrioventricular
and biventricular resynchronization may all play different roles at
different times in this patient population.™>¢ Like many successful
interventions in heart failure, the lack of specificity is its secret of
success.

Limitations

Surveys are important sources of information on how evidence
acquired through RCTs, usually on highly selected patients
managed according to detailed protocols, are adopted in clinical
practice. However, surveys also have many limitations. Centre par-
ticipation was voluntary and, among ~ 800 invited implanting
centres in the 13 participating ESC countries, 141 centres
responded and recruited patients during the 8 months inclusion
period. The 2009 EHRA white Book reports ~ 30 000 annual
CRT implantations in the participating countries (primary implants
and replacements).’” Although the importance of consecutive
inclusion was emphasized, we cannot confirm that all patients
were included consecutively, and there are several sources for
potential investigator selection bias. Importantly, only successful
implantations were entered into the database which selects the
patient population, and could lead to an under-reporting of
adverse experience in connection with implantation. The accuracy
of the data has not been audited. NYHA functional class was inves-
tigator reported and the length of follow-up is short. There is a
considerable variation in volume of participating centres®® and
the sample size for some of the eCRF variables due to incomplete
data entry and lack of appropriate data fields in two device regis-
tries. However, the most important limitation of surveys is their in-

ability to distinguish between outcome and response."

Conclusions

This survey suggests that a group of patients representative of
those encountered in routine clinical practice who received a
CRT device considered their symptoms had improved compared
wiht their pre-implant assessment. Overall survival was >90%.

These favourable outcomes suggest that the benefits of CRT
observed in RCTs can be replicated in routine clinical practice.
However, further randomized trials comparing CRT-Ps with
CRT-Ds would be desirable in patients with atrial fibrillation
and in patients who do not have a substantial increase in QRS
duration.
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