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Abstract

Aims Cardiac resynchronization therapy (CRT) in appropriately selected patients with heart failure improves symptoms and
survival. It is necessary to correctly identify patients who will benefit most from this therapy. We aimed to assess the predic-
tive power of the multidisciplinary team’s clinical judgement in the short-term death after CRT implantation.

Methods and results Patients with heart failure and referred for the first CRT implant were prospectively included. Prior to
implantation, all patients underwent a systematic assessment with a team composed of social work, nurse, psychologist,
nutritionist, and clinical cardiologist. Based on this assessment, patients could be contraindicated to CRT or referred to the
procedure as favourable or unfavourable. All patients should complete 12 months of follow-up; 172 patients were referred
for CRT, 21 (12.2%) were contraindicated after the multidisciplinary team evaluation, 71 (47%) referred to CRT as
non-favourable implants, and 80 (53%) as favourable implants. All-cause mortality occurred in only 2 (2.5%) patients in the
favourable group and in 30 (42.3%) in the non-favourable group, P < 0.001 (log rank). Among the 20 variables used as possible
predictors of worse prognosis by the multidisciplinary team, four were independently associated with mortality in the
follow-up after the multivariate analysis: 1 year MAGGIC score between 40% and 49%, relative risk (RR) 5.0, 95% confidence
interval (Cl) 1.3-18.6, P = 0.016; poor pharmacological adherence, RR 4.9, 95% Cl 1.6-15.6, P = 0.007; glomerular filtration rate
<35 mL/min/1.73 m?, RR 3.0, 95% Cl 1.1-8.5, P = 0.041; and right ventricular dysfunction, RR 2.6, 95% Cl 1.2-5.7, P = 0.018.
Conclusions The clinical judgement before the CRT implantation performed by a multidisciplinary team through the analysis
of clinical and psychosocial variables is a strong predictor of short-term mortality.
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Introduction

Cardiac resynchronization therapy (CRT) has a well-
established recommendation in guidelines for implantable
electrical cardiac devices. When properly indicated, several
studies have shown improvement in symptoms and
survival.»* However, 30% of patients do not respond
favourably to this therapy, and complications related to the
procedure can reach 9.5%.%*

Several variables are related to an unfavourable response
to CRT, but clinical characteristics are generally the most

taken into account when choosing the best candidates.’
Although it has been observed that socio-economic and
psychosocial variables are associated with cardiovascular out-
comes, it remains unclear if these variables addressed in a
multidisciplinary team (MDT) can contribute as a predictor
of events after CRT implantation.®” This is even more rele-
vant in developing countries, where socio-economic status
and poor access to health care have a significant impact on
the health of the population.

Candidates for advanced therapies for heart failure (HF),
such as CRT, are generally fragile and need an integrative
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approach between various medical and non-medical special-
ties. Multidisciplinary approach post-CRT implantation is
associated with a better clinical outcome and reduced HF
hospitalization and all-cause mortality.® As such, the MDT
usually aggregates relevant data that go beyond clinical
judgement, which can help in selecting patients who are
more favourable for CRT implantation.

The aim of this study was to perform an MDT assessment
prior to CRT implantation and to evaluate the predictive
power of MDT judgement in short-term mortality.

Methods
Study design

This is a observational prospective, single-centre cohort study
carried out at the Hospital Ana Nery, Salvador (Brazil), a refer-
ence of cardiovascular diseases of Brazil’s Public Health Sys-
tem. Patients were recruited between May 2017 and May
2019. The follow-up time was at least 12 months.

Participants and protocol

We enrolled adults (>18 years old) diagnosed with HF and
reduced ejection fraction, referred by their own cardiologist
assistants for the first implantation of cardiac resynchroni-
zation therapy (CRT-P) or CRT combined with cardioverter-
defibrillator (CRT-D). Patients who refused to sign the consent
form to enter the study were excluded.

All patients underwent a systematic evaluation with an
MDT composed of a social worker, nurse, psychologist, nutri-
tionist, and clinical cardiologist. Patients were evaluated for
New York Heart Association (NYHA) functional classification,
presence of co-morbidities (hypertension, diabetes, obstruc-
tive pulmonary disease, stroke, coronary artery disease, atrial
fibrillation, and chronic kidney disease), data regarding the
echocardiogram and electrocardiogram of the last 6 months,
and the MAGGIC score.’

In addition, the MDT included data regarding mood
disorders with the Hospital Anxiety and Depression Scale
(HADS-A and HADS-D) and were considered with some de-
gree of anxiety and depression when the sum of the points
on the scale was >8 (HADS-A > 8 or HADS-D > 8).2° Poor
therapeutic adherence and autonomy for maintaining
self-care was assessed using the adapted Self Care Hf ques-
tionnaire. Self-care deficits were considered to be those with
<50% success in the proposals relevant to the participant.*
Additionally, the presence of social vulnerability was
investigated, which was considered by the team in the pres-
ence of family income below the minimum wage and to be
illiterate.

Patients who had a guideline-based contraindication for
CRT implantation, after the MDT evaluation, had the proce-
dure suspended and returned for our outpatient follow-up
with optimal medical treatment. These patients were allo-
cated to the contraindicated group and completed the study
follow-up.

Patients who had no contraindication for CRT were finally
evaluated with the MDT for a decision-making meeting re-
garding whether the implant would be favourable or not. This
decision was made subjectively by the MDT taking into
account 20 variables associated with a worse prognosis for
CRT: left ventricular diastolic diameter >65 mm, right
ventricular (RV) dysfunction, severe mitral insufficiency, age
>75 years, 1 year MAGGIC score between 40% and 49%,
body mass index <20, glomerular filtration rate (GFR)
<35 mL/min/1.73 m?, NYHA IV in previous 6 months, use of
vasoactive drugs in previous 6 months, absence of pharmaco-
logical optimization, absence of left bundle branch block QRS
morphology, atrial fibrillation, presence of >3 co-morbidities,
RV pacing—defined as RV pacing >40% of time, left bundle
branch block with QRS duration between 120 and 130 ms,
HADS-A > 8 points, HADS-D > 8 points, deficit in self-care,
poor pharmacological adherence, and social vulnerability.

After the MDT evaluation, the patients were referred to
procedure as favourable or unfavourable for cardiac
resynchronization therapy. The cardiologist responsible for
the CRT implantation and follow-up was blind to the MDT
opinion.

Follow-up and endpoints

All patients were followed up during the in-hospital phase
and in outpatient visits every 3 months. Those unable to at-
tend face-to-face consultations were contacted by phone.
All survivors completed a minimum of 12 months of follow-
up. The main outcome was mortality from all causes.

Statistical analysis

The Kolmogorov-Smirnov test, Shapiro—Wilk test, and graph-
ical methods were used to verify the normal distribution of
continuous variables. Variables with normal distribution were
described by mean * standard deviation and compared by
Student’s t-test, while variables with non-parametric distribu-
tion were described by median (inter-quartile range 25-75th
percentile) and compared using the Mann—Whitney U test.
Categorical variables were described as absolute and relative
frequencies and compared using the XZ test. Kaplan—Meier
curve was used to estimate survival, and the log-rank test
was used to compare survival between groups. For multivar-
iate analysis, the Cox model was used, including variables
with possible association with the outcome (P < 0.1). A value
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of P < 0.05 was considered statistically significant. The Statis-
tical Package for the Social Sciences (SPSS) Version 20.0 was
used for the analysis of all data.

Ethics committee

The Ethics Committee of the Hospital Ana Nery, Salvador,
Bahia, approved the study, and all procedures were per-
formed in accordance with the Declaration of Helsinki.

Results

A total of 172 patients were referred for cardiac
resynchronization therapy in the study period. Of these, 21
(12.2%) were contraindicated for CRT implantation and were
followed up in a registry parallel to the main study. The main
reasons that led to the contraindication of the procedure
were as follows: patients were asymptomatic in 10 (47%),
QRS duration <120 ms in 6 (28.5%), presence of malignant
neoplasia with life expectancy of <1 year in 5 (23.8%), left
ventricular ejection fraction >35% in 5 (23.8%), mortality es-
timated by the 1 year MAGGIC score >50% in 4 (19%), and 9
(38%) patients had more than one characteristic for
contraindication.

Table 1 Baseline characteristic

Of the 151 patients who underwent resynchronization
therapy, 76 (50.3%) received CRT-P and 75 (49.7%) CRT-D.
The implants were mainly transvenous, and only 3 (1.9%) pa-
tients received an epicardial implantation. On the MDT eval-
uation, 71 (47%) patients were classified as non-favourable
implants and 80 (53%) as favourable implants. The clinical
and demographic characteristics of two groups are shown in
Table 1. Patients in the favourable group compared with
the non-favourable group had a similar age (mean), 58
(£10.6) vs. 59 (+13.8) years, P = 0.085; similar left ventricular
ejection fraction (mean), 24.3% (+6.2) vs. 23.3% (7.2),
P = 0.315; and implanted less CRT-D, 33 (41.3%) vs. 42
(59.2%), P = 0.034, respectively.

The median number of variables that indicated a worse
prognosis assessed by the MDT before CRT implantation
was higher in the non-favourable group when compared with
the favourable group, 6 (5-8) vs. 2 (1-3), P < 0.001. Of these
variables, the patients classified as non-favourable had higher
prevalence of multiple co-morbidities, self-care deficit, RV
dysfunction, atrial fibrillation, depression, severe mitral re-
gurgitation, poor pharmacological adherence, extreme social
vulnerability, body mass index, GFR < 35 mL/min/1.73m?, RV
pacing, vasoactive drugs in previous 6 months, NYHA Class IV
in previous 6 months, and age >75 years old (Table 2).

All surviving patients completed at least 12 months of fol-
low-up, and there was no loss of follow-up. The mean follow-
up was 444.6 (+233.6) days. Eight (5.3%) individuals were

Favourable group

Non-favourable group Contraindicated group

N = 80 N =71 P? N =21
Male sex, n (%) 45 (52.5%) 43 (60%) 0.319 12 (57%)
Age, mean (=SD) 58 (+10.6) 59 (+13.8) 0.085 60 (£13)
Co-morbidities
Hypertension, n (%) 60 (75%) 61 (86%) 0.093 19 (91%)
Diabetes, n (%) 18 (22.5%) 31 (46%) 0.006 13 (62%)
COPD, n (%) 8 (10%) 11 (15.6%) 0.310 2 (9.5%)
Stroke, n (%) 10 (12.5%) 23 (32%) 0.003 12 (57%)
Coronary artery disease, n (%) 13 (16.2%) 11 (15.6%) 0.899 2 (9.5%)
Chronic kidney failure, n (%) 4 (5%) 29 (40.8%) <0.001 11 (52.4%)
Body mass index, mean (%=SD) 25.8 (+1.3) 23.4 (+x4.4) 0.331 24.2 (£5.7)
GFR, mean (£SD) 71 (x21) 58.2 (+28.2) 0.180 58 (+27.2)
NYHA -1V, n (%) 47 (58.8%) 60 (84.5%) <0.001 10 (47.6%)
CRT-D implantation, n (%) 33 (41.3%) 42 (59.2%) 0.034 —
Aetiology of heart failure
Chagas disease, n (%) 11 (13.7%) 37 (52%) <0.001 9 (43%)
Ischaemic, n (%) 12 (15%) 8 (11.3%) 0.499 2 (9.5%)
Myocarditis, n (%) 28 (35%) 3 (4.2%) <0.001 4 (19%)
Hypertensive, n (%) 5 (6.3%) 6 (8.5%) 0.417 1 (4.3%)
Idiopathic, n (%) 13 (16.3%) 3 (4.2%) 0.015 3 (14.7%)
Other known aetiologies, n (%) 10 (12.5%) 14 (19.7%) 0.268 2 (9.5%)
Other characteristic
Optimized medical treatment, n (%) 70 (87.5%) 53 (74%) 0.034 15 (71.4%)
LVEF, mean (x=SD) 24.3 (£6.2) 23.3(%£7.2) 0.315 26.3 (x10)
LBBB and QRS > 140 ms, n (%) 63 (78.7%) 19 (26.8%) <0.001 6 (28.5%)
1 year MAGGIC score, mean (£SD) 13.3 (%£6.2) 19.9 (£10.2) <0.001 28.3 (x19.9)

COPD, chronic obstructive pulmonary disease; CRT-D, cardiac resynchronization therapy combined with cardioverter-defibrillator; GFR,
glomerular filtration rate; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association;

SD, standard deviation.
‘Between favourable vs. non-favourable groups.
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Table 2 Variables assessed by the multidisciplinary team before CRT implantation

Favourable group Non-favourable group

N = 80 N =171 P

Left ventricular diastolic diameter >65 mm, n (%) 29 (36.3%) 53 (74.6%) 0.102
Multiple co-morbidities (3 or more), n (%) 14 (17.5%) 42 (59.2%) <0.001
Self-care deficit (Self Care <50%), n (%) 4 (5%) 40 (56.3%) <0.001
Right ventricular dysfunction, n (%) 14 (17.5%) 34 (47.9%) <0.001
Atrial fibrillation, n (%) 2 (2.5%) 33 (46.5%) <0.001
Depression (HADS-D > 8 points), n (%) 9 (11.3%) 27 (38%) <0.001
Severe mitral regurgitation, n (%) 10 (12.5%) 25 (35.2%) 0.001
Poor pharmacological adherence, n (%) 1(1.3%) 25 (35.2%) <0.001
Extreme social vulnerability, n (%) 3 (3.8%) 24 (33.8%) <0.001
Body mass index <20, n (%) 3(3.8%) 23 (32.4%) <0.001
GFR < 35 mL/min/1.73 mz, n (%) 3 (3.8%) 20 (28.2%) <0.001
RV pacing, n (%) 7 (8.8%) 20 (28%) 0.008
Vasoactive drugs in previous 6 months, n (%) 3 (3.8%) 18 (25.4%) <0.001
NYHA IV in previous 6 months, n (%) 1(1.3%) 16 (22.6%) <0.001
Without LBBB, n (%) 8 (10%) 13 (18.3%) 0.108
HADS-A > 8 or HADS-D > 8, n (%) 5 (6.3%) 11 (15.5%) 0.057
Age >75 years, n (%) 3 (3.8%) 11 (15.5%) 0.013
Without optimized medical treatment, n (%) 7 (8.8%) 10 (14.1%) 0.218
LBBB and QRS duration between 120 and 130 ms, n (%) 2 (2.5%) 7 (9.9%) 0.058
1 year MAGGIC score between 40% and 49%, n (%) — 6 (8.5%) —

CRT, cardiac resynchronization therapy; GFR, glomerular filtration rate; HADS, Hospital Anxiety and Depression Scale; LBBB, left bundle
branch block; NYHA, New York Heart Association; RV, right ventricular.

Figure 1 Kaplan—Meier estimates of survival in patients undergoing cardiac resynchronization therapy referenced as favourable by the multidisciplin-

ary team (blue line), unfavourable (green line), and those contraindicated for cardiac resynchronization therapy (yellow line).
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contacted by phone, as they were unable to travel for a visit.
Among patients who underwent CRT, death from any cause
occurred in 32 (21.2%) participants, with 2 (2.5%) in the

favourable group and 30 (42.3%) in the non-favourable
group, P < 0.001 (log rank) (Figure ). Among patients con-
traindicated to CRT and followed in the study registry, death
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from any cause occurred in 9 (42.8%) participants in the same
period.

Among the 20 variables used as markers of worse prognosis
by the MDT, four were independently associated with mortal-
ity in the follow-up after the multivariate analysis: 1 year
MAGGIC score between 40% and 49%, relative risk (RR) 5.0,
95% confidence interval (Cl) 1.3-18.6, P = 0.016; poor phar-
macological adherence, RR 4.9, 95% Cl 1.6-15.6, P = 0.007;
GFR < 35 ml/min/1.73 m? RR 3.0, 95% Cl 1.1-8.5,
P = 0.041; and RV dysfunction, RR 2.6, 95% Cl 1.2-5.7,
P =0.018 (Table 3).

Discussion

Our study demonstrated that patients identified as
non-favourable by the assessment of an MDT, in the
pre-implantation moment, had an increase in mortality in
1 year follow-up after the procedure when compared with
those classified as favourable. As the study design did not
prevent the CRT implantation in these groups, we were able
to demonstrate the predictive power of the MDT evaluation
in patients referred for CRT.

Previous studies have already shown that in patients
undergoing CRT, the performance of MDT after the procedure
had an impact on reducing rehospitalization due to HF and
all-cause mortality when combined with conventional treat-
ment. In addition, it is currently widely recommended by the
HF guidelines to encourage multidisciplinary management of
these patients.® This study corroborates the relevant role that
the MDT has by showing how there was a better identification

of the ideal candidate for CRT after its evaluation, reinforcing
the importance and originality of the results presented.?

The criteria for indicating CRT, as well as the type of de-
vice (CRT-P or CRT-D), are well recognized by cardiology so-
cieties, with a lower degree of recommendation for
primary prevention of sudden cardiac death in subgroups
of patients with non-ischaemic HF.'* However, the rate of
non-responders, despite the clinical indication according to
the guidelines, can reach 40-50% according to a meta-analy-
sis that evaluated the largest studies in the area.*® This stim-
ulates the interest in searching for other variables that can
interfere with the outcomes after CRT implantation, in addi-
tion to those already known. Furthermore, expanding the as-
sessment to cover clinical socio-economic and psychosocial
issues can assist in choosing the ideal candidate. The inclu-
sion of the MDT in the decision-making process for CRT im-
plantation could amplify the accountability of practitioners,
yield superior cost-effectiveness, and improve outcomes.®

Another interesting aspect of this study was the similar
mortality rates in the period among patients considered con-
traindicated and those classified as non-favourable for CRT by
the MDT. Although the contraindicated group was heteroge-
neous, most patients had poor prognostic variables. This
result raises questions about the futility of CRT in specific
populations and suggests a relevant role for the multidisci-
plinary care to better select the ideal candidate for CRT.

Despite the MDT decision-making process being eminently
subjective, it was based on 20 variables associated with a
worse prognosis, four of which were independently associ-
ated with mortality in our study: 1 year MAGGIC score be-
tween 40% and 49%, poor pharmacological adherence,
GFR < 35 mL/min/1.73 m?, and RV dysfunction.

Table 3 Univariate and multivariate analysis for predictors of mortality

Univariate analysis

Multivariate analysis

RR (95% Cl) P RR (95% Cl) P
Left ventricular diastolic diameter >65 mm, n (%) 1.63 (0.7-3.9) 0.286 — —
Multiple co-morbidities (3 or more), n (%) 1.3(0.7-2.7) 0.411 — —
Self-care deficit (Self Care <50%), n (%) 2.2 (1.1-4.5) 0.026 0.4 (0.1-1.2) 0.103
Right ventricular dysfunction, n (%) 2.9 (1.5-6.1) 0.003 2.6 (1.2-5.7) 0.018
Atrial fibrillation, n (%) 2.2 (1.1-4.4) 0.036 1.6 (0.6-4.3) 0.376
Depression (HADS-D > 8 points), n (%) 2.4 (1.2-4.9) 0.016 0.7 (0.2-2.2) 0.530
Severe mitral regurgitation, n (%) 1.6 (0.8-3.5) 0.182 — —
Poor pharmacological adherence, n (%) 3.0 (1.4-6.3) 0.003 4.9 (1.6-15.6) 0.007
Extreme social vulnerability, n (%) 1.7 (0.7-3.9) 0.239 — —
Body mass index <20, n (%) 3.9(1.9-7.9) <0.001 1.8 (0.7-4.9) 0.261
GFR < 35 mL/min/1.73 m*, n (%) 4.3 (2.0-9.2) <0.001 3.0 (1.1-8.5) 0.041
RV pacing, n (%) 3.2 (1.6-6.7) 0.001 2.2 (0.9-5.0) 0.067
Vasoactive drugs in previous 6 months, n (%) 2.3 (1.1-5.1) 0.033 0.9 (0.3-2.9) 0.816
NYHA IV in previous 6 months, n (%) 2.7 (1.3-5.9) 0.010 1.2 (0.4-3.8) 0.753
Without LBBB, n (%) 1.3 (0.4-4.4) 0.630 — —
HADS-A > 8 or HADS-D > 8, n (%) 1.3 (0.5-3.3) 0.521 — —
Age >75 years, n (%) 2.8 (1.1-7.0) 0.025 1.8 (0.5-6.7) 0.369
Without optimized medical treatment, n (%) 1.9 (0.7-5.4) 0.242 — —
LBBB and QRS duration between 120 and 130 ms, n (%) 1.6 (0.4-6.8) 0.528 — —
1 year MAGGIC score between 40% and 49%, n (%) 11.9 (4.3-32.5) <0.001 5.0 (1.3-18.6) 0.016

Cl, confidence interval; GFR, glomerular filtration rate; HADS, Hospital Anxiety and Depression Scale; LBBB, left bundle branch block;
NYHA, New York Heart Association; RR, relative risk; RV, right ventricular.
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The MAGGIC score is an easily applicable scale composed of
13 clinical variables, already validated in several cohorts in the
Western world. This instrument helps to outline the guide-
lines regarding the so-called minimum life expectancy of
1 year, which for a long time came from the field of subjectiv-
ity. In the cohort that assessed >20 000 patients with reduced
ejection fraction, the MAGGIC score >50% was associated
with higher mortality. This article positively reinforces the
use of an objective instrument with high accuracy of predic-
tion to assess the life expectancy of patients with HF.%*°

Poor pharmacological adherence is undoubtedly one of
the greatest challenges in care and patients with chronic dis-
eases. Among patients with HF, low adherence affects
negativelying morbidity and mortality, with increased risk of
death and hospitalization due to HF decompensation.*® In ad-
dition to behavioural aspects, socio-economic status is a mul-
tifactorial problem that directly contributes to this
phenomenon. We believe that the potential of an MDT to
identify patients with poor therapeutic adherence, using spe-
cific instruments, should be encouraged.

Heart failure and chronic kidney disease (CKD) often coex-
ist, and renal dysfunction is a predictor of poor prognosis in
HF.Y” The symptomatic response to resynchronization does
not differ between patients with and without CKD. However,
the mortality in that with CKD is higher, despite the improve-
ment in the functional class.®

As already known, RV dysfunction is a worse prognosis
variable in HF patients. Similarly, RV function significantly
affects response to CRT with poor left ventricular reverse
remodelling after CRT in patients with HF having severe RV
dysfunction at baseline.*® In our study, the RV function was
an independent predictor of death on follow-up suggesting
its routine incorporation into the decision process of CRT.

This study has some limitations. We emphasize the
unicentric design, the observational and subjective character
of the MDT evaluation, which may impact its external validity.
Additionally, it is a non-randomized study that generates
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