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Abstract

Aims Echocardiographic response after cardiac resynchronization therapy (CRT) is often lesser in ischaemic cardiomyopathy
(ICM) than non-ischaemic dilated cardiomyopathy (NIDCM) patients. We assessed the association of heart failure aetiology on
the amount of reverse remodelling and outcome of CRT.

Methods and results Nine hundred twenty-eight CRT patients were retrospectively included. Reverse remodelling and
endpoint occurrence (all-cause mortality, heart transplantation, or left ventricular assist device implantation) was assessed.
Two response definitions [>15% reduction left ventricular end systolic volume (LVESV) and >5% improvement left ventric-
ular ejection fraction] and the most accurate cut-off for the amount of reverse remodelling that predicted endpoint free-
dom were assessed.

Mean follow-up was 3.8 + 2.4 years. ICM was present in 47%. ICM patients who were older (69 + 7 vs. 63 = 11), more often
men (83% vs. 58%), exhibited less LVESV reduction (13 £ 31% vs. 23 + 32%) and less left ventricular ejection fraction improve-
ment (5% 11% vs. 10 + 12%) than NIDCM patients (all P < 0.001). Nevertheless, every 1% LVESV reduction was associated with
a relative reduction in endpoint occurrence: NIDCM 1.3%, ICM 0.9%, and absolute risk reduction was similar (0.4%). The most
accurate cut-off of LVESV reduction that predicted endpoint freedom was 17.1% in NIDCM and 13.2% in ICM.

Conclusions ICM patients achieve less reverse remodelling than NIDCM, but the prognostic gain in terms of survival time is
the same for every single percentage of reverse remodelling that does occur. The assessment and expected magnitude of re-
verse remodelling should take this effect of heart failure aetiology into account.
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Introduction improvement in symptoms and cardiac function and reduc-
tion in morbidity and mortality.>™’
Cardiac resynchronization therapy (CRT) is an effective ther- The effectiveness of CRT is related to its ability to reverse

apy for symptomatic heart failure patients with impaired left the adverse LV remodelling that characterizes these pa-
ventricular (LV) function and electrical dyssynchrony, despite  tients.*° Electrical resynchronization enables optimized
optimal medical therapy.”? Landmark trials have shown filling time, the reduction of intraventricular dyssynchrony,
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and optimization of right—left ventricular interaction, and
more pronounced reverse remodelling favourably influences
prognosis.***? Reduction in LV end systolic volume (LVESV
reduction of >15%) or an increase in LV ejection fraction
(LVEF increase of >5%) are two of the most common
echocardiographic markers of reverse remodelling, and they
provide important prognostic information on therapy
outcome. 0?3

Echocardiographic response can occur in both patients
with non-ischaemic dilated cardiomyopathy (NIDCM) as well
as those with ischaemic cardiomyopathy (ICM) but often to
a lesser extent in the latter.’*™® The question is whether
viewing response as a binary entity does justice to the
reverse remodelling and the associated prognostic outcome
effect that still occurs in ICM patients, albeit to a lesser
degree.*™8

We set out to study the association between heart failure
aetiology and the amount of reverse remodelling and long-
term clinical outcome of CRT in a real-world CRT cohort.

Methods
Maastricht—Utrecht—-Groningen cohort

The Maastricht—Utrecht—Groningen cohort consists of 1946
patients who received a CRT in one of three university hos-
pitals in the Netherlands between January 2001 and Janu-
ary 2015 (Maastricht University Medical Center, January

Figure 1 Flowchart of the Maastricht-Utrecht-Groningen database™
depicting the final study cohort with available echocardiographic and out-
come data. ACM, all-cause mortality; FU, follow-up; HTx, heart transplan-
tation; ICM, ischaemic cardiomyopathy; LVAD, left ventricular assist
device; LVEF, left ventricular ejection fraction; LVESV, left ventricular
end systolic volume; MUG, Maastricht-Utrecht-Groningen cohort;
NIDCM, non-ischaemic dilated cardiomyopathy; RV, right ventricular.
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N=1946

Baseline RV pacing . -
N=340 Missing baseline or
follow-up
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2010-January 2015; University Medical Center Utrecht, Jan-
uary 2005-January 2015; and University Medical Center
Groningen, January 2001-January 2015).19 There were no
formal inclusion criteria. CRT indication, device implanta-
tion, and lead positioning were according to prevailing
European Society of Cardiology (ESC) guidelines at the time
of implantation and local hospital protocols. All commer-
cially available devices and leads could be used. For the
current analysis, we included patients with a de novo CRT
implantation. Patients were excluded if they had right
ventricular pacing from a pacemaker or implantable
cardioverter defibrillator at baseline (N = 340, 17%), a
QRS duration less than 120 ms (N = 119, 6%), or no paired
echocardiographic data at baseline and follow-up (N = 559,
29%). The final study cohort consisted of 928 patients. See
Figure 1 for a flowchart.

Data selection

The Dutch Central Committee on Human-Related Research
(Centrale Commissie Mensgebonden Onderzoek) allows the
use of anonymous data without prior approval of an institu-
tional research board provided that the data are acquired
from routine patient care. Demographic characteristics, co-
morbidities, heart failure aetiology (deemed ischaemic when
there was clear evidence of myocardial infarction or coronary
artery bypass graft in the medical history), medical therapy,
baseline electrocardiography, and echocardiography were
collected from local electronic medical record. Device data
were retrieved from device specific databases at each centre;
optimization of device counters was up to the discretion of
the patient’s treating physician. Fluoroscopic images or chest
X-rays were used to determine LV lead position. Data were
handled anonymously.

Electrocardiography

Recorded baseline 12-lead electrocardiograms (ECGs) were
stored digitally in the MUSE Cardiology Information system
(GE Medical System) at the three hospitals. QRS duration
and baseline ECG parameters were evaluated using auto-
mated ECG readings. Left bundle branch block (LBBB)
morphology was defined according to ESC guideline criteria,
namely, QRS duration >120 ms; QS or rS in lead V1; broad
(frequently notched or slurred) R waves in leads |, aVL, V5,
or V6; and absent Q waves in leads V5 and V6.2

Echocardiography

Transthoracic echocardiography was performed at baseline
and during follow-up (median = 6.6 = 2.7 months after
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Magnitude of CRT response

implantation) as part of routine clinical care by experienced
cardiac sonographers at the echocardiographic core lab of
the three respective centres. The Simpson’s modified biplane
method, using apical two-chamber and four-chamber views,
was used to measure LVESV and LVEF at baseline and
follow-up. Response to CRT was quantified as the change in
LVESV and LVEF (A in percentage) during follow-up. Next, to
response as a continuous variable, two definitions of
response were studied: reduction in LVESV > 15% and LVEF
improvement of >5%.

Endpoint

Follow-up and survival status until 1 January 2016 were ob-
tained from electronic hospital records linked to municipal
registries. Mean follow-up time was 3.8 + 2.4 years. Endpoint
occurrence was defined as a composite of all-cause mortality,
heart transplantation, or LV assist device implantation. All pa-
tients had available follow-up data.

Statistical analyses

Data are presented as mean + standard deviation or me-
dian (interquartile range) for continuous variables. Normal-
ity was checked using the Shapiro-Wilk statistic.
Categorical data were expressed as numbers and percent-
ages. Differences between heart failure aetiologies were
evaluated using the Student’s t-test, Mann—Whitney U-test,
XZ test, and Fisher’s exact test, depending on normality and
type of data. To study effect modification, the amount of
reverse remodelling was determined in several predefined
subgroups, including sex, LBBB presence, and baseline
QRS duration < 150 or >150 ms. Adjusted hazard ratios
(HRs) for outcome in the ICM and NIDCM patients were
calculated by Cox regression analysis after correcting for
age, sex, and amount of LVESV remodelling. A multivariable
Cox regression model was made from significant univariate
parameters (P < 0.1) in the total population and ICM and
NIDCM groups separately. First line interactions were
tested. Tested univariate variables were based on baseline
variables that differed between the ICM and NIDCM group.
Optimal relationship between change in LVESV (continuous
variable) and LVEF (continuous variable) and absence of
the endpoint was investigated using receiver operating
characteristics (ROCs). Optimal cut-off point was identified
by the Youden index point (sensitivity + specificity — 1).
All tests of significance were two-sided, with P values of
<0.05 assumed to indicate significance. All analyses were
generated using SPSS version 23.0 for Windows (IBM Corp,
Chicago, IL, USA).

Results

Baseline characteristics

Baseline characteristics are listed in Table 1. Mean age was 66
t 11 years, 70% were men. Most patients were in New York
Heart Association (NYHA) class Ill (55%). Ischaemic aetiology
was present in 47% of patients. ICM patients were signifi-
cantly older (69 + 7 vs. 63 + 11; P < 0.001), more often
men (83% vs. 58%; P < 0.001), and suffered more from
diabetes mellitus (27% vs. 18%; P < 0.001), than NIDCM
patients. Patients with ICM less often had LBBB (75% vs.
86%; P < 0.001) and larger baseline LV end-diastolic and
end-systolic volumes (both P < 0.001). ICM patients had
higher N terminal pro brain natriuretic peptide (NT-proBNP)
levels [1490 (750-3034) pg/mL vs. 1107 (394-2770) pg/mL;
P = 0.002] and worse renal function [estimated glomerular
filtration rate 60 (44-79) mL/min/1.73 m? vs 71 (51-96)
mL/min/1.73 m?; P < 0.001]. There were no differences in
body mass index, NYHA class, and presence of hypertension
or atrial fibrillation.

Reverse remodelling

Patients with ICM exhibited less reduction in LVESV (13 + 31%
vs. 23 +32%; P < 0.001) and less increase in LVEF (5 + 11% vs.
10 £ 12%; P < 0.001) (see Supporting Information for disper-
sion graph). Fifty-six percent of all patients were classified as
LVESV responders (47% ICM vs. 63% NIDCM; P < 0.001) and
57% as LVEF responders (47% ICM vs. 66% NIDCM; P <
0.001). For several subgroups, including sex, LBBB presence,
and baseline QRS duration, ICM patients achieved signifi-
cantly less reverse remodelling (Figure 2).

Long-term clinical outcome

Endpoint free survival in ischaemic cardiomyopathy and
non-ischaemic dilated cardiomyopathy patients

Patients with ICM experienced more events [167 (38%) vs.
131 (27%); P < 0.001]. After adjustment for age and sex,
ICM remained associated with a worse outcome [HR 1.24,
95% confidence interval (Cl) 1.02-1.50, and P = 0.04]. After
adding the amount of reverse remodelling, it was no longer
significant (HR 1.05, 95% Cl 0.82-1.34, and P = 0.70). There
was no significant interaction between A reverse remodelling
and heart failure aetiology on outcome (P = 0.176); interac-
tion was significant between age and A reverse remodelling
(P =0.008)

Clinical outcome in non-responders vs. responders

Overall, CRT non-responders had a worse clinical outcome.
This was observed for both the LVESV definition of response,
as well as for the LVEF definition of response (see Figure 3 for
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Table 1 Baseline characteristics

Total cohort (N = 928) ICM (N = 438) NIDCM (N = 490) P value
Demographics
Men, % (n) 647 (70) 362 (83) 285 (58) <0.001
Age, years 66 + 11 69 +7 63 + 11 <0.001
BMI, kg/m2 26.7 = 4.6 26.8 +4.2 26.7 £ 5.0 0.79
Weight, kg 81 £ 16 82 +14 80 + 18 0.19
Height, cm 174 = 9 175 £ 8 173 =10 0.01
Medical history
Hypertension, % (n) 397 (43) 193 (44) 204 (42) 0.51
Diabetes mellitus, % (n) 207 (22) 120 (27) 84 (18) 0.001
(History of) AF, % (n) 130 (14) 60 (14) 70 (14) 0.85
Clinical profile
NYHA class, % (n) 0.19
| 19 (2) 4(1) 15 (3)
1l 345 (37) 165 (37) 180 (37)
1] 515 (55) 246 (56) 265 (54)
\Y) 39 (4) 20 (5) 19 (4)
Missing 14 (2) 3 (1) 11 (2)
ECG
Heart rate, bpm 73 £ 15 71 £ 15 74 £ 16 0.02
PQ duration, ms 189 = 38 195 = 38 184 = 38 <0.001
QRS duration, ms 161 = 20 160 = 19 162 + 21 0.11
QT duration, ms 485 + 41 481 = 41 489 + 40 0.002
LBBB, % (n) 746 (80) 327 (75) 419 (86) <0.001
Echocardiography
LVEF, % 24+ 9 24 + 8 25+9 0.02
LVEDV, mL 220 = 89 231 = 83 211 £ 93 0.001
LVESV, mL 169 + 78 178 £ 74 161 + 80 0.001
Mitral regurgitation, % (n) 0.03
Mild 271 (33) 118 (41) 153 (31)
Mild-moderate 174 (21) 98 (22) 76 (16)
Moderate-severe/severe 130 (16) 66 (15) 64 (13)
Implantation
Device type 0.11
CRT-P, % (n) 60 (7) 22 (5) 38 (8)
CRT-D, % (n) 868 (93) 416 (95) 452 (92)
Lead position 0.96
Anterior 7 (1) 4 (1) 3 (1)
Anterolateral 94 (10) 46 (11) 48 (10)
Lateral 320 (34) 146 (33) 174 (35)
Posterolateral 405 (44) 188 (43) 217 (44)
Posterior 76 (8) 36 (8) 40 (8)
Missing 26 (3) 18 (4) 8 (2)
Medication use
B-blocker, % (n) 794 (86) 377 (86) 417 (85) 0.71
ACEi or ARB, % (n) 850 (92) 396 (90) 454 (93) 0.24
MRA, % (n) 254 (27) 107 (24) 147 (30) 0.80
Diuretics, % (n) 741 (80) 358 (82) 383 (78) 0.19
Statin, % (n) 531 (57) 353 (81) 178 (36) <0.001
Digoxin, % (n) 134 (14) 57 (13) 77 (16) 0.26
Antiarrhythmic drugs, % (n) 93 (10) 49 (11) 44 (9) 0.28
Laboratory values
NT-proBNP (pg/mL) 1301 [541-2856] 1490 [750-3034] 1107 [394-2770] 0.002
Hb (mmol/L) 8.5 [7.7-9.1] 8.5 [7.7-9.1] 8.5 [7.8-9.0] 0.99
Creatinine (umol/L) 102 [83-129] 111[91-137] 92 [79-119] <0.001
eGFR (mL/min/1.73m?) 65 [48-90] 60 [44-79] 71 [51-96] <0.001

ACEi, angiotensin converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; BMI, body mass index; CRT-P,
cardiac resynchronization therapy pacemaker; CRT-D, cardiac resynchronization therapy defibrillator; ECG, electrocardiogram; eGFR,
estimated glomerular filtration rate; Hb, haemoglobin; ICM, ischaemic cardiomyopathy; LBBB, left bundle branch block; LVEDV, left ven-
tricular end diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end systolic volume; MRA, mineralocorticoid
receptor antagonist; NIDCM, non-ischaemic dilated cardiomyopathy; NT-proBNP, N terminal brain natriuretic peptide; NYHA, New York
Heart Association.

unadjusted and adjusted HRs) In NIDCM patients, this was In ICM patients, only the LVESV definition was associated
also observed. NIDCM non-responders had a worse outcome  with clinical outcome, but LVEF increase < 5% or >5% was
according to both the LVESV and LVEF definition of response.  not associated with outcome.
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Magnitude of CRT response 5

Figure 2 Amount of reverse remodelling. Amount of reduction in left ventricular end systolic volume during follow-up (%) (A) and improvement in left
ventricular ejection fraction (%) (B) for ischaemic cardiomyopathy and non-ischaemic dilated cardiomyopathy patients in the total population and dif-
ferent predefined sub-groups (sex, left bundle branch block presence, and QRS duration). ICM, ischaemic cardiomyopathy; LBBB, left bundle branch
block; LVEF, left ventricular ejection fraction; LVESV, left ventricular end systolic volume; NIDCM, non-ischaemic dilated cardiomyopathy.
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Amount of reverse remodelling

For NIDCM patients, every 1% reduction in LVESV was associ-
ated with a 1.3% relative reduction in the risk of all-cause
mortality, heart transplantation, or left ventricular assist de-
vice. For ICM patients the relative risk reduction was 0.9%
per every 1% reduction in LVESV. Absolute risk reduction
per 1% LVESV reverse remodelling was similar (0.4% in
both ICM and NIDCM patients). EF improvement was not
associated with endpoint free survival after multivariable
adjustment in both groups.

Multivariable associated parameters to endpoint occurrence
For the entire population, LVESV reduction, NT-proBNP, male
sex, and diuretic use were associated with endpoint occur-
rence (Table 2, see Supporting Information for univariate
variables). For NIDCM patients, associated variables were
LVESV reduction, NT-proBNP, and LBBB; and for ICM patients,
LVESV reduction, NT-proBNP, and diuretic use.

Receiver operating characteristics curves and
Youden index

To further evaluate the relationship between reverse remod-
elling and outcome ROC, curve analysis and Youden index
determination was performed to determine what amount
of LV reverse remodelling and LVEF improvement optimally
predicted endpoint freedom (see Supporting Information
for ROC curves). A cut-off value of 16.6% reduction in LVESV
yielded a sensitivity of 61% with a specificity of 62% in the
total cohort [area under the curve (AUC) 0.63, 95% ClI 0.59—
0.67, and P < 0.001]. For NIDCM patients, optimal cut-off
was 17.1% reduction in LVESV (sensitivity 67%, specificity
62%; AUC 0.65, 95% Cl 0.59-0.71, and P < 0.001); and for
ICM patients, optimal cut-off was 13.2% reduction in LVESV
(sensitivity 56%, specificity 59%; AUC 0.59, 95% Cl 0.54—
0.65, and P = 0.001). An optimal cut-off of LVEF improvement
to predict endpoint free survival could not be found for ICM
patients; for NIDCM patients, the optimal LVEF improvement
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Figure 3 Left ventricular end systolic volume (LVESV) and left ventricular ejection fraction (LVEF) response in the total population, non-ischaemic
dilated cardiomyopathy, and ischaemic cardiomyopathy patients. Upper row, long-term outcome according to LVESV response; and lower row,
long-term outcome according to LVEF response. Bold line = responders and dashed line = non-responders. Model 1, age and sex; and model 2, age,
sex, device type, estimated glomerular filtration rate, (history of) atrial fibrillation, LVESV at baseline, LVEF at baseline, N terminal pro brain natriuretic
peptide, B-blocker use, angiotensin converting enzyme inhibitors/angiotensin-receptor blockers use, and diuretic use. HR, hazard ratio; ICM, ischaemic
cardiomyopathy; LVEF, left ventricular ejection fraction; LVESV, left ventricular end systolic volume; NIDCM, non-ischaemic dilated cardiomyopathy.
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cut-off value was 4% (sensitivity 75%, specificity 48%; AUC
0.63, 95% CI 0.58-0.69, and P < 0.001).

Discussion

In this large retrospective real-world CRT cohort, we assessed
the association of heart failure aetiology on the magnitude of
reverse remodelling and long-term clinical outcome after
CRT. We found that ICM patients, despite achieving lesser re-
verse ventricular remodelling, have a similar prognostic gain,
in terms of survival time, compared with NIDCM patients for

every single percentage of achieved reverse remodelling. Fur-
thermore, the most accurate LVESV reverse remodelling ROC
curve cut-off to predict endpoint freedom was lower in ICM
patients. LVEF improvement was not suited to predict
endpoint freedom in ICM patients. Therefore, assessment of
response and expected magnitude of reverse remodelling
should be tailored according to underlying heart failure
aetiology.

ICM patients have a diminished capacity of reverse remod-
elling.*> 8 This is often attributed to their higher baseline risk
with more comorbidities, older age, and more often the
presence of myocardial scarring not amenable by CRT.?°
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Table 2 Multivariate Cox regression model
Total population (N = 928) NIDCM (N = 490) ICM (N = 438)
Variables HR (95% ClI) P value Variables HR (95% Cl) P value Variables HR (95% ClI) P value
A LVESV, % 0.989 <0.001 A LVESV, % 0.987 <0.001 A LVESV, % 0.991 0.001
(0.985-0.993) (0.981-0.993) (0.985-0.996)
NT-proBNP, per 1.07 <0.001  NT-proBNP, per 1.09 <0.001  NT-proBNP, per 1.06 <0.001
1000 pg/mL (1.05-1.08) 1000 pg/mL (1.05-1.13) 1000 pg/mL (1.04-1.08)
Male sex 1.44 0.04 LBBB® 0.50 0.02 Diuretic use 2.66 0.01
(1.02-2.05) (0.29-0.88) (1.30-5.47)
Diuretic use 2.42 0.001
(1.44-4.04)

Cl, confidence interval; HR, hazard ratio; ICM, ischaemic cardiomyopathy; LBBB, left bundle branch block; LVESV, left ventricular end sys-
tolic volume; NIDCM, non-ischaemic dilated cardiomyopathy; NT-proBNP, N terminal pro brain natriuretic peptide.

9LBBB defined according to ESC guidelines.

Consequently, ICM patients have a lower chance of echocar-
diographic response according to frequently used defini-
tions.! ICM patients also have a higher event rate and
worse outcome during follow-up.**™*® This too seems to be
driven by their advanced age, increased baseline risk, and
myocardial substrate, which seems intrinsically associated
with a worse outcome.?! But it seems wrong to think that
because ICM is associated with less reverse remodelling,
and less reverse remodelling with a poor (er) outcome, the
magnitude of survival time after CRT with respect to the mag-
nitude of LV reverse remodelling is less in patients with ICM.

Every 1% of reduction in LVESV volume was associated
with a 0.9% relative risk reduction in endpoint occurrence in
ICM patients. Relative risk reduction was 1.3% for NIDCM
patients. Absolute risk reduction was similar, 0.4% in both
groups. A sub-analysis from the Cardiac Resynchronization-
Heart Failure study described similar improvements in all-
cause mortality occurrence, NYHA class, and hospitalization
rates in CRT patients with or without ischaemic heart
disease.’ Notably, a CRT response cut-off of >5% LVEF im-
provement was not associated with a better outcome in the
ICM patients; no optimal cut-off point of LVEF change could
be found by ROC analysis, and LVEF was not an independent
predictor of outcome in both groups.

In current practice, a disconnect exists between CRT re-
sponse definitions from large clinical trials, ‘real world’ expec-
tations, and achievements in daily practice.”® The effect
range among patients receiving CRT is large, spanning from
complete normalization of ventricular volume and LVEF to a
lack of reverse remodelling. The desire to measure treatment
effect using current strict binary definitions results in a large
portion of ICM being classified as ‘non-responder’.® Further-
more, the natural course of remodelling might differ in vari-
ous populations, which influences the interpretation of
response. There might be patients in whom ‘non-progression’
is already a success for CRT and might improve clinical out-
comes.** In the end, the ultimate goal of CRT should be to
meet the patients (and ‘physicians’) individually tailored ex-
pectations for symptomatic improvement, amount of reverse
remodelling, and gain in cardiac function and survival time.

The Markers and Response to CRT study prospectively
studied markers for response in patients with a guideline
indication for CRT.>® A risk score, CAVIAR (CRT-Age—
Vectorcardiograhic ~ QRSagea—Interventricular  mechanical
delay—Apical Rocking), that functions as a continuous re-
sponse scale was constructed. Scores such as CAVIAR may
help to personalize the notion of response for the individual
patient and allow for expectations after implantation to be
adjusted accordingly.?® They can be used to identify candi-
dates for CRT, predict the amount of ventricular reverse re-
modelling that can be achieved, as well as validate the
achieved amount of reverse remodelling. Taking into account
mechanisms of disease in the individual patient (underlying
electrophysiological, contractile, circulatory, and risk factors
substrate) will place the patient-specific extent of reverse
remodelling than can be achieved with CRT in context. In
the end, a lesser degree of reverse remodelling obtained in
a patient with ICM, but meeting its individually predicted
maximum amount could be perceived as successful response
in an otherwise progressive and debilitating disease.

Strength and limitations

The Maastricht—Utrecht—Groningen cohort is a large group of
real-world CRT recipients with excellent outcome follow-up.
Nonetheless, the current study is inherently limited because
of its retrospective design with a long inclusion time. Further-
more, we classified patients into an ischaemic or non-
ischaemic dilated aetiology based on recorded and verifiable
history of myocardial infarction and coronary artery bypass
graft without knowledge of the actual extent of myocardial
scar/fibrosis. Furthermore, LVESV and LVEF assessments
were performed after approximately 6 months, and reverse
remodelling or increased contractility that may still occur af-
ter that period will be missed. Despite following ESC guide-
lines recommendations, timing and manner of (laboratory)
data collection and follow-up were not uniform across
centres, and we cannot exclude that this had an effect on
presented results. Also, knowledge and expertise of the
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individual centres will have increased during the inclusion pe-
riod. Additionally, there is an inherent baseline risk difference
in both groups that will affect the outcome and observed
reverse remodelling. We adjusted for this to the best of
our ability, but a degree of bias will always remain. The
current study should be interpreted as hypothesis generating
because the (pathophysiological) processes that underlie
the different (outcome) response in ICM and NIDCM patients
remain elusive. Future studies might focus on risk
reduction effect while taking into account baseline risk and
expected amount of reverse remodelling in the individual
patient.

Conclusions

ICM patients achieve less reverse remodelling than NIDCM,
but the prognostic gain in terms of survival time is the same
for every single percentage of reverse remodelling that does
occur. The assessment and expected magnitude of reverse
remodelling should take this effect of heart failure aetiology
into account.
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