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Aim Mitral regurgitation (MR) is a common finding in patients with heart failure with debatable effects on prognosis.
Reduction in MR is one of the mechanisms by which cardiac resynchronization therapy (CRT) exerts its beneficial
effects. We investigated the prognostic impact of baseline MR and MR persistence after CRT on outcomes of treated
patients.
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Methods
and results

We prospectively followed 1122 CRT patients (66.4± 10.3 years, 78% male) who were stratified according to baseline
MR severity as having MR− (degree 0–1; n= 508, 45%) or MR+ (degrees 2–3–4; n= 614, 55%). In 916 patients
(82%) with MR severity data available at 1-year follow-up, the annual mortality rate was 3.4 and 6.0 per patient-year
in the MR− and MR+ group, respectively, with a 1-year incidence rate ratio (IRR) of 1.76 (P< 0.001). Similar results
were observed for cardiovascular mortality (1-year IRR 1.72, P= 0.002). When considering survival according to MR
severity after CRT, all-cause and cardiovascular mortality were lower in the improved than in the worsened group
(1-year IRR 1.87 and 2.33, respectively; both P< 0.001). Regression analysis showed that absence of MR improvement
at follow-up was a significant independent predictor of both all-cause and cardiovascular mortality.
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Conclusions Baseline significant MR and absence of MR improvement after CRT are strongly predictive of less favourable long-term
survival.
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Introduction
Functional mitral regurgitation (FMR) is a common finding in
patients with heart failure (HF) reported in up to 35% of affected
patients in its moderate to severe form.1,2 Left ventricular systolic
dysfunction and dyssynchrony, changes in ventricular shape and
size, and mitral annulus dilatation are responsible for the imbalance
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. between closing and tethering forces that act on mitral valve com-

petency, resulting in FMR.3 The effects of mitral regurgitation (MR)
on prognosis have been hotly debated, but only controversial
and inconclusive results are available1,4–8. Cardiac resynchroniza-
tion therapy (CRT) is a recognized milestone in the treatment of
advanced HF patients, and recently also for less severely affected
patients,9,10 on top of optimal pharmacological therapy, and is
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strongly supported by current guidelines11 because of the reduc-
tion in morbidity and mortality,12 and improvement of symptoms
and quality of life of treated patients.13,14 In addition to these ben-
efits, CRT has been shown to have favourable effects on FMR15

with both acute and late improvement.16 Persistence of FMR after
CRT implantation and its relationship with clinical outcomes have
been investigated in different studies showing contrasting effects of
FMR on long-term survival.17–21 The aim of our research was to
assess, in a large real-world cohort of patients treated with CRT,
the impact of significant pre-implantation MR on mortality and to
test the hypothesis that persistent MR after CRT is associated with
unfavourable clinical outcomes.

Methods
Patient population and project design
Patients participating in the Italian ClinicalService Project (Clinical-
Trials.gov Identifier: NCT01007474), a national medical care project
aiming to improve the quality of diagnostic and therapeutic strategies
using implantable cardiac devices in clinical practice, were considered
for the present analysis. The project consists of a shared environ-
ment for the collection, management, analysis and reporting of data
from patients in whom Medtronic devices have been implanted. An
independent scientific committee of physicians prospectively identifies
key clinical questions on a yearly basis for analysis and publication. A
charter assigns the ownership of data to the centres and governs the
conduct and relationship of the scientific committee and Medtronic.
The project was approved by each site’s Medical Ethics Committee or
Medical Director and conforms to the principles outlined in the Dec-
laration of Helsinki. Each patient provided informed consent for data
collection and analysis.

For the present analysis, patients were included if information about
MR at baseline was available. Patients with mitral valve prolapse or
flail, mitral valve repair or replacement before CRT implantation were
excluded.

The research population included 1122 patients who had received a
Medtronic CRT defibrillator (CRT-D) in accordance with implantable
cardioverter defibrillator (ICD) and CRT guidelines22,23 [i.e. HF in New
York Heart Association (NYHA) class II, III, or IV, depressed ventricular
function (left ventricular ejection fraction, LVEF ≤35%), and wide QRS
complex (≥120 ms)].

Echocardiographic examination and data
collection at baseline
At baseline the following data were collected: demographics and med-
ical history, clinical examination, medical therapy, 12-lead electrocar-
diogram with interest focused on rhythm and QRS duration, NYHA
functional class.

The baseline echocardiographic evaluation focused on measure-
ments of standard left ventricular (LV) diameters and volumes, LVEF
and assessment of mitral valve regurgitation. All echocardiographic
measurements, including MR severity, were performed according to
current and accepted European echocardiography guidelines.24,25 Base-
line FMR severity was classified as absent (degree 0), mild (degree 1),
moderate (degrees 2–3), or severe (degree 4).

Furthermore, the study population was divided into the following
two groups: (i) patients without haemodynamically significant baseline ..
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.. MR (degree 0–1, MR–), and (ii) patients with haemodynamically
significant baseline MR (degrees 2–3–4, MR+).

Patient follow-up
All patients were followed up according to each centre’s clinical
practice and on a regular basis according to the severity of symptoms
and disease through standard in-hospital visits and phone interview.

Only patients with available information on MR degree at 1-year
follow-up after CRT implantation were considered for the outcome
analysis.

The variables collected at follow-up included medical history, clinical
examination, medical therapy, 12-lead electrocardiogram with interest
focused on rhythm and QRS duration, NYHA functional class, echocar-
diographic parameters (LVEF, LV volumes and diameters, and presence
and severity of MR), and death.

Patients were considered echocardiographic CRT-responders
(echo-responders) if at least one of the following conditions were
verified:26 (i) at least 10% relative reduction in LV end-systolic volume
(LVESV); (ii) at least 10% absolute increase in LVEF.

Based on the 1-year echocardiographic evaluation, patients were
further classified as ‘improved’ or MR− ‘unchanged’ if they improved by
at least one MR degree or remained unchanged with respect to baseline
MR degree 0–1; or ‘worsened’ or MR+ ‘unchanged’ if they worsened
by at least one MR degree or remained unchanged with respect to
baseline MR degrees 2–3–4.

The main outcome variable was death, classified as cardiovascular
or non-cardiovascular.

Endpoints
Mortality data were collected from medical records, or through inter-
views with patients’ caregiver(s) or family physicians, as appropriate. An
independent scientific committee of physicians periodically reviewed
the hard endpoint, including mortality and hospitalization, and validated
the events according to the information reported.

The primary endpoint of this analysis was to assess mortality accord-
ing to MR severity during long-term follow-up after CRT implantation.
We also aimed to define predictors of death and worsening of MR
severity in patients after CRT.

Statistical analysis
Descriptive statistics are reported as means and standard deviations for
normally distributed continuous variables, or medians with 25th–75th
interquartile range (IQR) for skewed distribution, while categorical
variables are expressed as absolute and relative frequencies. All-cause
and cardiovascular mortality were assessed using the Kaplan–Meier
method. Comparison between groups for Kaplan-Meier analyses was
made using the log rank test. Predictors of all-cause and cardiovas-
cular mortality were estimated by computing hazard ratios (HR) and
95% confidence intervals (CI) by means of the Cox regression method.
After checking for collinearity and proportionality, all variables associ-
ated with a P-value <0.05 on univariate analysis were entered into the
multivariate Cox model. Predictors of worsening MR were evaluated
by univariate and multivariate logistic regression. All variables associ-
ated with a P-value <0.05 on univariate analysis were entered into the
multivariate model. For all analyses, a P-value <0.05 was considered
statistically significant. Statistical analysis was performed using STATA
12.1 (StataCorp LP, College Station, TX, USA).
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Figure 1 Flow-chart of patients from the Italian ClinicalService Project implanted with cardiac resynchronization therapy (CRT) who were
considered in the analysis. The prevalence of mitral regurgitation (MR) before and after CRT is shown. Sixty patients died before the
1-year follow-up. CV, cardiovascular; MR–, patients without haemodynamically significant baseline MR (degrees 0–1); MR+, patients with
haemodynamically significant baseline MR (degrees 2–3–4).

Results
The overall population included 1122 patients implanted with CRT
who underwent baseline echocardiographic assessment of MR,
but only patients with MR evaluated at 1-year follow-up were
considered for primary endpoint analysis. A total of 916 patients
were retrieved, because: 146 patients (13%) were lost to follow-up
and 60 patients (5%) died before 1-year follow-up after CRT
implantation. The flow-chart regarding patient inclusion is drawn
in Figure 1.

As shown in Figure 2, 508 patients (45%) had non-
haemodynamically significant MR (MR–: degree 0–1), whereas
614 patients (55%) had at least moderate MR (MR+: degrees
2–3–4) at baseline.

Baseline characteristics of the overall study population with
MR severity at CRT implant are reported in Table 1. Clinical
variables were comparable between groups, except that patients
with significant MR were older, received more frequently diuretics
and presented a significantly wider QRS duration and a higher
percentage of left bundle branch block. ..
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. Moreover, as regards echocardiographic parameters, patients

with haemodynamically significant MR showed lower LVEF and
higher LV volumes (Table 1).

Follow-up assessment after cardiac
resynchronization therapy
A total of 494 patients (57.2%) were echo-responders to CRT,
without any difference after dividing the population according to
pre-implant severity of MR (58.7% in MR– and 55.9% in MR+,
P= 0.410).

Based on MR degree at follow-up, 681 patients (74%) had
improved and 235 (26%) had worsened. In the improved group, MR
decreased by at least 1 degree from baseline in 382 patients (56%)
and remained unchanged in 299 (44%); conversely, MR worsened
in 100 patients (42%) or remained equal to or more than moderate
in 135 patients (57%) (Figure 2).

On the whole, baseline characteristics were comparable
between improved and worsened patients, except for a higher
frequency of ischaemic cardiomyopathy, a higher dose of diuretics,
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Figure 2 Distribution of mitral regurgitation (MR) at baseline (a) and after 1 year of cardiac resynchronization therapy (CRT) (b). MR–,
patients without haemodynamically significant baseline MR (degree 0–1); MR+, patients with haemodynamically significant baseline MR (degrees
2–3–4).

a higher prevalence of permanent atrial fibrillation (AF), and more
dilated ventricles in the second group (Table 1).

Echocardiographic response to CRT was significantly lower in
the worsened group than in the improved group (41.8% vs. 62.3%,
P< 0.001).

Impact of mitral regurgitation severity
on patient outcomes
During a median follow-up of 38.6 months (1st-3rd quartile
21.1–65.6 months), a total of 205 patients (18%) reached the pri-
mary endpoint of the analysis, with 69 deaths (13.6%) in the MR−
group and 136 deaths (22.2%) in the MR+ group. The annual mor-
tality rate (per 100 person/year) in the MR– group was 3.4 (95% CI
2.7–4.3) vs. 6.0 (95% CI 5.0–7.1) in the MR+ group, with an annual
incidence rate ratio (IRR) of 1.76 (95% CI 1.31–2.39, P< 0.001). ..
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. The Kaplan–Meier survival curves of the study population

according to baseline severity of MR are shown in Figure 3a.

Cardiovascular mortality was significantly higher in patients with

at least moderate MR than in patients with no or mild MR [94

(15.3%) vs. 49 cardiovascular deaths (9.7%)], with an annual IRR of

1.72 (95% CI 1.10–2.57, P= 0.002) (Figure 3b).

The assessment of survival according to MR severity after

CRT revealed that patients of the worsened group had a less

favourable outcome than patients of the improved group (Figure 3c).

Accordingly, the annual mortality rate (per 100 person/year) in the

improved group was significantly lower than that of the worsened

group [3.1 (95% CI 2.5–3.7) vs. 5.7 (95% CI 4.3–7.5)], with an

annual IRR of 1.87 (95% CI 1.21–2.66, P< 0.001).

Deaths for cardiovascular reasons were significantly higher in the

worsened group compared with the improved group, respectively

[53 deaths (7.8%) vs. 38 deaths (16.2%)], giving an annual IRR of
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Table 1 Characteristics of the study population according to baseline severity of mitral regurgitation (MR) and to MR
severity at follow-up after cardiac resynchronization therapy (CRT)

Total population
(n=1122)

MR–
(n= 508)

MR+
(n= 614)

P-value MR improved
(n= 681)

MR worsened
(n= 235)

P-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (years) 66.4±10.3 65.3± 10.5 67.4±10.0 0.001 65.8±10.4 66.6± 9.4 0.498
Male gender 875 (78.0%) 406 (80.0%) 469 (76.4%) 0.147 527 (77.4%) 184 (78.2%) 0.800
NYHA class III/IV 806 (71.8%) 355 (69.8%) 451 (73.5%) 0.170 484 (71.0%) 165 (70.4%) 0.862
Ischaemic heart disease 527 (47.0%) 239 (47.0%) 288 (46.9%) 0.973 298 (43.7%) 120 (51.1%) 0.050
Chronic AF 356 (31.7%) 156 (30.8%) 200 (32.5%) 0.543 195 (28.7%) 84 (35.7%) 0.045
QRS (ms) 152.9± 27.1 149.0± 28.7 156.2± 25.4 <0.001 154.1± 28.6 153.4± 28.9 0.574
QRS >150 ms 600 (53.4%) 259 (51.0%) 341 (55.7%) 0.116 389 (57.1%) 123 (52.3%) 0.201

CRT-D 933 (83.2%) 429 (84.5%) 504 (82.1%) 0.298 537 (78.9%) 190 (80.9%) 0.575
LBBB 774 (69.0%) 314 (61.9%) 460 (75.0%) <0.001 471 (69.1%) 169 (71.9%) 0.420
LVEF (%) 27.8± 6.6 28.9± 6.0 27.0± 7.0 <0.001 28.2± 6.9 27.8± 6.2 0.686
LVEDV (mL) 209.2± 70.3 197.7± 65.9 218.7± 72.4 <0.001 208.0± 69.9 216.2± 76.4 0.284
LVESV (mL) 154.1± 55.2 144.4± 51.9 162.2± 56.6 <0.001 152.6± 54.6 161.0± 63.7 0.043
LVEDV index (mL/m2) 113.4± 33.7 103.9± 26.4 121.2± 36.9 <0.001 111.7± 29.2 115.6± 27.9 0.018
LVESV index (mL/m2) 85.0± 27.3 77.2± 20.8 91.4± 30.2 <0.001 83.7± 22.9 86.4± 23.1 0.004
Drug therapy

Diuretics 1013 (90.3%) 448 (88.1%) 565 (92.1%) 0.024 599 (88.0%) 223 (95.1%) 0.002
Beta-blockers 865 (77.1%) 393 (77.4%) 472 (76.9%) 0.843 550 (80.8%) 181 (77.2%) 0.235
ACE-I/ARB 924 (82.4%) 428 (84.3%) 496 (80.8%) 0.126 599 (88.0%) 203 (86.4%) 0.521

AF, atrial fibrillation; ACE-I, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; CRT-D, cardiac resynchronization therapy with defibrillator; LBBB,
left bundle branch block; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; LVEDV, left ventricular end-diastolic volume; MR–, patients without
haemodynamically significant baseline MR (degree 0–1); MR+, patients with haemodynamically significant baseline MR (degrees 2–3–4); NYHA, New York Heart Association.

2.33 (1.50–3.60, P< 0.001). The CV survival curves are provided
in Figure 3d.

Predictors of death and improvement
in mitral regurgitation
Univariate Cox analysis (Table 2) revealed that absence of MR
improvement after CRT, advanced age, NYHA class IV, chronic AF,
and ischaemic cardiomyopathy aetiology were predictive factors of
both all-cause and cardiovascular mortality. Using a multivariate
model, the following factors were independently associated with
all-cause mortality: advanced age, NYHA class IV, chronic AF, and
ischaemic cardiomyopathy (Table 2). Both NYHA class IV and AF
were also predictors of cardiovascular mortality. The absence of
MR improvement after CRT was an independent strong predictor
for both all-cause mortality (HR 1.58, P= 0.015) and cardiovascular
death (HR 2.13, P= 0.001) (Table 2).

Considering MR severity after CRT, logistic univariate analysis
showed that the presence of at least moderate MR at baseline and
chronic AF had a positive correlation with worsening MR, while
LVEF had a weak association with improvement in MR severity after
CRT (Table 3). The same factors were independently associated
with worsening MR after CRT at multivariable analysis (Table 3).

Discussion
The prognostic impact of MR on chronic HF has been debated with
equivocal results. Several authors reported a reduced survival in all ..
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. HF patients,1,5,8,27 whereas others found either a reduced survival

only for less advanced stages of LV dysfunction6 or no correlation
between MR and mortality.4 However, MR also correlates with
severity of symptoms and quality of life, and untreated MR in HF
patients is a determinant of frequent hospital readmissions.28

Cardiac resynchronization therapy has been shown to reduce
MR by 30–40%,29 through early30,31 and delayed effects.17 The first
acting mechanism is resynchronization per se in terms of synchro-
nized contraction of the papillary muscles;30,31 later, ventricular
remodelling with secondary effects on mitral valve geometry are
involved in the reduction of MR.16,17 For these reasons, there is
an increasing interest in considering CRT as a treatment option in
patients with significant MR and advanced HF.

Our analysis reveals that baseline significant MR and absence of
improvement in MR after 1 year of CRT are important predictors of
unfavourable long-term survival. In our population, 74% of patients
derived benefit from CRT because MR improved or did not change
toward significant haemodynamic MR during the follow-up. Similar
results were found by Onishi et al.18 while in other studies the
percentage improvement in MR was lower,21,32–34 likely because
of the different methods used to classify the reduction in MR or
the different durations of follow up.

In 26% of the cohort, however, significant MR was still present
at follow-up and this result carried a strong prognostic value.
Indeed, the main message of our research is that MR persistence or
worsening after CRT implantation identified a subgroup of patients
with a worse prognosis. We found that patients with persistent
significant MR had a lower echocardiographic response to CRT
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A B

DC

Figure 3 Kaplan–Meier curves for all-cause (a) and cardiovascular mortality (b) according to baseline mitral regurgitation (MR) severity, and
Kaplan–Meier curves for all-cause (c) and cardiovascular mortality (d) according to improvement in MR at follow-up. Curves have been cut,
graphically, at 84 months because after that time the patients at risk in each group were less than 15% of the initial population.

(41.8% vs. 62.3%, P< 0.001) associated with a worse survival
compared with patients with mild/absent or improved MR after
electrical therapy. Moreover, the absence of improvement in MR
after CRT was an independent predictor of both all-cause and
cardiovascular mortality at univariate analysis, and of cardiovascular
mortality at multivariate analysis, underlining once again the strong
impact of this finding on HF patient outcomes.

Persistence of MR after biventricular stimulation has been
related to low echocardiographic response to CRT in the long
term32 and to increased mortality.18,20,33,35 In our research, patients
with persistent MR after CRT showed a significantly lower echocar-
diographic response to CRT and a higher mortality rate. In daily
clinical practice, the evidence of significant persistent mitral valve
insufficiency, despite optimal medical therapy and CRT, highlights
the need for early consideration for alternative MR treatment with
the aim of improving clinical response and outcomes. At present,
several therapeutic options are available. The surgical approach is
possible; however, there are some concerns about its effects on
long term survival and its safety in patients with advanced HF, gen-
erally considered at high perioperative risk and often excluded ..
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.. from this strategy.28 Recently, percutaneous techniques have been

assessed with preliminary but encouraging results.
We also characterized patients who presented with improve-

ment in MR. They showed less dilated ventricles at baseline. As
already reported in the literature,18,32 excessive ventricular dilata-
tion is associated with reduced benefit from CRT in terms of global
response and mitral valve function. Moreover, the ischaemic aeti-
ology was more frequent in patients with worsening MR after
CRT. This observation is consistent with previous findings18,33

and may result from the presence of scarring at the site of
the papillary muscles or from progressive regional loss of viable
myocardium due to ischaemia, both of which may limit the action
of resynchronization.15,29

However, neither LV dimensions nor aetiology were found to be
independently associated with improvement in MR at univariate or
multivariate analysis.

The only feature predictive of a reduction in MR in our popu-
lation was baseline presence of MR per se. Mitral regurgitation of
moderate degree before CRT has been considered a positive find-
ing predicting good echocardiographic response to biventricular
stimulation therapy, whereas severe MR has been shown to limit

© 2016 The Authors
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Table 2 Predictive factors of all-cause and cardiovascular mortality at follow-up by Cox regression analysis

All-cause mortality Cardiovascular mortality
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

P-value HR 95% CI P-value HR 95% CI
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Univariate
Baseline MR (MR+) <0.001 1.80 1.34–2.40 0.002 1.75 1.24–2.47
Absence of improvement in MR <0.001 1.79 1.34–2.40 <0.001 2.39 1.58–3.63
Sex (male) 0.230 1.24 0.87–1.76 0.422 1.18 0.78–1.79
Age (10 units-years) <0.001 1.03 1.02–1.05 0.002 1.03 1.01–1.05
NYHA class IV 0.003 1.99 1.26–3.13 0.001 2.43 1.46–4.03
Chronic AF 0.001 1.63 1.22–2.19 0.001 1.82 1.29–2.58
Ischaemic cardiomyopathy <0.001 1.77 1.34–2.33 0.015 1.61 1.51–1.08
QRS (1 unit-ms) 0.939 1.00 0.99–1.01 0.603 1.00 1.00–1.01

CRT-D 0.017 1.53 1.08–2.16 0.062 1.49 0.98–2.27
Multivariate

Baseline MR (MR+) 0.041 1.47 1.02–2.12 0.127 1.46 0.90–2.36
Absence of improvement in MR 0.015 1.58 1.09–2.28 0.001 2.13 1.35–3.39
Age (10 units-years) 0.010 1.03 1.01–1.05 0.104 1.02 1.00–1.05
NYHA class IV 0.032 1.80 1.05–3.07 0.045 1.96 1.02–3.77
Chronic AF 0.035 1.48 1.03–2.14 0.062 1.57 0.98–2.51

LVEF (%, –1 unit) – – – 0.249 0.98 0.94–1.02
Ischaemic cardiomyopathy 0.015 1.59 1.09–2.31 0.245 1.31 0.83–2.06
CRT-D 0.513 1.15 0.75–1.77 – – –

AF, atrial fibrillation; CI, confidence interval; HR, hazard ratio; CRT-D, cardiac resynchronization therapy with defibrillator; LVEF, left ventricular ejection fraction; MR, mitral
regurgitation; MR+, patients with haemodynamically significant baseline MR (degrees 2–3–4); NYHA, New York Heart Association.

Table 3 Predictors of mitral regurgitation worsening
after cardiac resynchronization therapy at univariate
and multivariate logistic analysis

P-value HR 95% CI
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Univariate
Baseline MR (MR+) <0.001 2.03 1.49–2.76
Sex (male) 0.788 1.05 0.73–1.50
Age (10 units-years) 0.421 1.01 0.99–1.02
NYHA class IV 0.287 1.43 0.74–2.75
Chronic AF 0.050 1.38 1.00–1.91

LVEF (%, 10 units) <0.001 0.95 0.94–0.97
Ischaemic cardiomyopathy 0.053 1.34 1.00–1.81

QRS (ms, 1 unit) 0.727 1.00 0.99–1.00
CRT-D 0.515 1.13 0.78–1.64

Multivariate
Baseline MR (MR+) <0.001 1.90 1.37–2.63
Chronic AF 0.046 1.41 1.01–1.98
LVEF (%, 10 units) <0.001 0.95 0.94–0.97

AF, atrial fibrillation; CI, confidence interval; HR, hazard ratio; CRT-D, cardiac
resynchronization therapy with defibrillator; LVEF, left ventricular ejection frac-
tion; MR, mitral regurgitation; MR+, patients with haemodynamically significant
baseline MR (degrees 2–3–4); NYHA, New York Heart Association.

CRT-related reverse remodelling.19,36 Therefore, the maximum
benefit of CRT on FMR and LV remodelling should be observed in
those patients with at least mild MR, not reaching a severe degree, ..
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..
.. that may represent a too late and perhaps irreversible stage of LV

dysfunction and dilatation to receive benefit from electrical therapy.

Limitations
The first limitation of our study lies in its observational nature
and potential bias in patient selection and treatment, and device
programming, because of the lack of a control group of patients
not implanted with CRT. However, this limitation may be tempered
by the fact that data were collected prospectively, the analysis was
designed before the dataset was opened, and research endpoints
were pre-specified. The second limitation, which may arise from
the analysis of the results, is the relatively low frequency of
the primary endpoint expressed as annual mortality rate, when
compared with previous survival data in advanced HF populations.
However, our results reflect real-word clinical practice where
specialists with expertise in dedicated clinics tightly follow patients
with advanced HF and may have optimized therapy and subsequent
management on a case-by-case basis, with a favorable impact on
prognosis.

Finally, echocardiographic assessment was not evaluated by a
core laboratory. However, the fact that (i) a large sample was
included in the analysis, (ii) only experienced echocardiographers
performed all the studies, grounding their evaluation on recognized
guidelines, and (iii) the cohort was divided into a haemodynamically
significant group (MR degrees 2–3–4) vs. a non-haemodynamically
significant group (MR degree 0–1), are all factors that could
have contributed to reduce the bias of not having a central core
laboratory.

© 2016 The Authors
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Conclusions
Cardiac resynchronization therapy reduces MR severity in patients
with advanced HF, though no improvement is detected in one
third of cases. Persistence of significant MR after CRT is associated
with lower echocardiographic response to CRT and is strongly
predictive of less favourable long-term survival. This prognostic
effect of MR poses the need to consider alternative options for
HF patients with persistent haemodynamically significant MR.
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