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Predicting the survival benefit of
cardiac resynchronization
therapy with defibrillator
function for non-ischemic heart
failure—Role of the Goldenberg
risk score
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Luca Kuthi, Boglarka Veres, Istvan Osztheimer, Roland Papp,
Levente Molnar, Endre Zima, Laszlo Gellér,

Annamaria Kosztin* and Béla Merkely**

Heart and Vascular Center, Semmelweis University, Budapest, Hungary

Aims: Primary prevention of sudden cardiac death (SCD) in non-
ischemic heart failure (HF) patients remains a topic of debate at cardiac
resynchronization therapy (CRT) implantation requiring individual risk
assessment. Using the Goldenberg SCD risk score, we aimed to predict, which
non-ischemic HF patients will benefit from the addition of an implantable
cardioverter defibrillator (ICD) to CRT at long-term.

Methods: Between 2000 and 2018 non-ischemic HF patients undergoing CRT
implantation were collected into our retrospective registry. The Goldenberg
risk score (GRS) was calculated by the presence of atrial fibrillation,
New York Heat Association (NYHA) class > 2, age > 70 years, blood urea
nitrogen > 26 mg/dl and QRS > 120 ms. The primary endpoint was all-cause
mortality, heart transplantation or left ventricular assist device implantation.

Results: From 667 patients, 347 (52%) underwent cardiac resynchronization
therapy-pacemaker (CRT-P), 320 (48%) cardiac resynchronization therapy-
defibrillator (CRT-D) implantations. During the median follow up time of
4.3 years, 306 (46%) patients reached the primary endpoint (CRT-D 37% vs.
CRT-P 63%; p < 0.001). CRT-D patients were younger (64 vs. 69 years;
p < 0.001), infrequently females (26 vs. 39%; p < 0.001), and had a lower
ejection fraction (27 vs. 29%; p < 0.01) compared to CRT-P patients. After GRS
calculation, patients were dichotomized by low (< 3) and high (> 3) scores.
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CRT-D patients with low GRS showed a mortality benefit compared to CRT-P
(HR 0.68; 95% Cl 0.48-0.96; p = 0.03), high-risk patients did not (HR 0.84;
95% Cl 0.62-1.13; p = 0.26).

Conclusion: In our non-ischemic cohort, patients with low GRS showed a
clear long-term mortality benefit by adding ICD to CRT, however, in high-risk
patients no further benefit could be observed.
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GRAPHICAL ABSTRACT

SULULE

@ Median follow-up time: 4.3 years

Primary endpoint

¢ composite of all-cause mortality or heart
transplantation (HTX) or implantation of a left
ventricular assist device

Long-term mortality reduction with CRT-D by risk

Goldenberg sudden cardiac risk score in non-ischemic heart failure patients receiving cardiac resynchronization therapy — a retrospective

observational study.

Introduction

Cardiac (CRT) reduces
morbidity and mortality in symptomatic heart failure (HF)
patients with reduced left ventricular ejection fraction (LVEF)
(HFrEF) and wide QRS (1).

Recommendations for the implantation of CRT devices

resynchronization  therapy

give clear guidance to physicians in HF patients, yet its
supplementation with an implantable cardioverter defibrillator
(ICD) remains a topic of debate (2,3). To choose the
optimal device type, physicians must take into consideration
survival modulating risk factors individually [both for sudden
cardiac death (SCD) an non-SCD mediated death], such as
age, etiology and the presence of fibrosis, renal dysfunction
and other comorbidities, life expectancy and the preference
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of patients (2,4). No randomized controlled trial was yet
conducted to directly compare cardiac resynchronization
therapy-defibrillator (CRT-D) to cardiac resynchronization
therapy-pacemaker (CRT-P) including patients regardless of
etiology. The COMPANION trial was designed to compare
optimal medical therapy (OMT) to cardiac resynchronization,
where CRT-D reduced mortality of any cause by 27% in HF
patients of ischemic etiology and by 50% in HF patients of
non-ischemic etiology compared to OMT (1). However, several
observational studies could not demonstrate a mortality benefit
of CRT-D devices in non-ischemic patients over CRT-P (5, 6),
one of the largest observational studies by Leyva et al. proved
the superiority of CRT-D therapy regardless of HF etiology (7).
In the DANISH trial ICD implantation with primary prevention
in non-ischemic patients did not improve survival significantly
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except for the subgroup of younger patients of age < 68 years,
besides a significant reduction could be observed in the risk of
sudden death from malignant arrhythmia (8).

As the decision of implanting CRT-D vs. CRT-P is based
on individual risk assessment, more risk scores were created by
independent predictors of mortality (9) or on those parameters
which are proved to be relevant in the outcome from large-scale
trials or registries (10, 11). In these scores, the presence of atrial
fibrillation, renal function, or the severity of patients’ symptoms
are the most relevant (3) regardless of the etiology.

In this study, we adopted the Goldenberg risk score (GRS),
which has been originally assessed to identify those ischemic HF
patients who benefit from prophylactic ICD implantation mid-
and long-term using the MADIT-II trials’ cohort (12, 13). We
aimed to predict a specific patient population of non-ischemic
etiology based on the GRS who will acquire survival benefit from
a CRT-D device. Based on our hypothesis, using this simple risk
score we can also identify those who can benefit the most from
ICD implantation among non-ischemic CRT patients.

Materials and methods
Study population and evaluations

Altogether 1,290 HF patients with non-ischemic etiology
underwent CRT implantation between June 2000 and
September 2018 at the Heart and Vascular Centre of
Semmelweis University. Indication for CRT implantation
was set up based on current European Society of Cardiology
(ESC) guidelines (symptomatic HF patients on optimal
medical treatment, LVEF < 35% and QRS > 130 ms) (2).
Data was collected retrospectively into our “Biobankok”
registry. Gathered data included medical history, clinical and
echocardiographic parameters, laboratory tests and parameters
of the procedures. The study complies with the declaration of
Helsinki and was approved by the Regional and Institutional
Committee and Research; No. 161-0/2019.

Calculation of the Goldenberg risk
score

First, we treated separately those, whose se-BUN exceeded
50 mg/dl as very-high-risk (VHR) patients as previously defined
at the GRS calculation (12). The risk score comprises five
clinically relevant factors [serum blood urea nitrogen (se-
BUN > 26 mg/dl, QRS > 120 ms, age > 70, atrial fibrillation,
New York Heat Association (NYHA) > II)]. A VHR patient
population has been identified and excluded (patients with a
se-BUN > 50 mg/dl) as per the original article.

Besides these patients, 667 had every data available to
assess their GRS, 347 underwent CRT-P and 320 underwent
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CRT-D implantation. The GRS was se-BUN > 26 mg/dl and
QRS > 120 ms, each counted one point, ranging between 1 and
5. No patients had a 0 score since each patient had a QRS wider
than > 130 ms.

After the assessment of the GRS, the total patient cohort
was further dichotomized into low (< 3) and high (> 3) score
groups. This cut-off was set as per the original article respecting
that in our CRT cohort, each patient had at least 1 point during
the calculation.

Endpoints

Our primary composite endpoint was all-cause mortality,
heart transplantation (HTX) or left ventricular assist device
(LVAD) implantation, whichever occurred first. The exact date
of death was retrieved via the National Health Insurance Fund
of Hungary, updated in September 2019.

Procedures

Device implantations were performed under X-ray,
anteroposterior, left anterior oblique and right anterior oblique
views were obtained. Leads were introduced through the
cephalic or subclavian veins. Right ventricular leads were
fixed dominantly into a septal position. In case of permanent
atrial fibrillation, right atrial leads were not implanted. The
optimal coronary sinus side branch was chosen by venogram
routinely, leads were preferred to be implanted into the lateral
or posterolateral vein. Left ventricular lead implantations, if
failed by the coronary sinus, were carried out by epicardial
or transseptal approach. Electrical parameters were evaluated
intraoperatively. Implanting physicians chose the type of device
following the recommendations of current guidelines, while
taking into consideration the patient’s preference, age, sex, renal
function, frailty, and other co-morbidities.

Statistical analysis

Statistical analysis was performed using GraphPad Prism,
version 8.4.2 (GraphPad Software, San Diego, CA, USA) and
IBM SPSS Statistics, version 26 (IBM Corp., Armonk, NY, USA).
Baseline characteristics, continuous variables are described
as mean =+ standard deviation or median and interquartile
range (25th-75th percentile), as appropriate after Shapiro-Wilk
normality test. Categorical data are described as counts and
frequency. Variables of the subgroups were compared by using
unpaired t-test for normal and Mann-Whitney test for non-
normal continuous variables and the x? test for dichotomous
variables. Time-to-event data were analyzed by log-rank test and
multivariate Cox regression analysis. A P-value of less than 0.05
was considered statistically significant.
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Results
Baseline clinical characteristics

Altogether 718 non-ischemic CRT patients had all the
necessary baseline data available to assess the GRS, 381 (53%)
patients underwent a CRT-P and 337 (47%) patients CRT-
D implantation. The characteristics of the included patients
and the total of 1,290 patients underwent CRT implantation
are summarized in Supplementary Table 1. From the total
patient cohort, 51 (8%) patients had a > 50 mg/dl se-BUN level
who represented the VHR group. From the remaining group
of 667 patients, 347 (52%) had CRT-D and 320 (48%) CRT-
P devices. After assessing the score and dichotomization 352
(53%) patients had a low risk (GRS 1-2) and 315 (47%) had a
high-risk score (GRS > 3) (Supplementary Table 2).

Of all non-ischemic patients without VHR group, those
with a CRT-D were significantly younger than CRT-P implanted
patients (64 vs. 69 years; p < 0.001) and female sex was non-
dominant (26 vs. 39%; p < 0.001), respectively. They presented
with a lower [LVEF (27 vs. 29%; p < 0.01)]. More patients were

10.3389/fcvm.2022.1062094

able to take optimal medical treatment compared to those with
a CRT-P at baseline (Table 1).

Low-risk patients with a CRT-D device were significantly
younger (61.3 vs. 64.1 years; p < 0.001) than those with a
CRT-P. They presented with a lower LVEF (26.7 vs. 29.1%;
p < 0.01), respectively. Hypertension (73 vs. 60%; p = 0.01)
and COPD (20 vs. 9%; p < 0.01) were more common in the
CRT-P treated group. Regarding optimal treatment, apart from
mineralocorticoid receptor antagonist (MRA), the two groups
were treated comparably. CRT-D implanted patients were more
likely to be treated with amiodarone (30 vs. 17%; p < 0.001)
(Table 2).

Regarding the high-risk group, fewer female patients were
implanted a CRT-D device than CRT-P (15 vs. 31%; p = 0.03). As
in the low-risk group, CRT-D implanted patients were younger
(70.8 vs. 72.2 years; p = 0.02). They had comparable LVEF (28
vs. 28%; p = 0.33) with high-risk CRT-P patients (Table 3).

Primary endpoints

Of all patients 306 (46%) reached the primary composite
endpoint, 112 (37%) underwent CRT-D, 194 (63%) underwent

TABLE 1 Baseline clinical characteristics of the total patient cohort without very-high-risk (VHR) patients by device type.

Characteristics

Total patients

n = 667

Age, years (median, 25th-75th percentile) 66 (59-73) 69 (61-75) 64 (57-71) < 0.001
Female sex, n (%) 219 (33) 136 (39) 83 (26) <0.001
Ejection fraction, % (median, 25th-75th percentile) 28 (23-32) 29 (24-34) 27 (23-30) <0.01
QRS duration, ms (median, 25th-75th percentile) 160 (140-170) 160 (140-172) 160 (140-170) 0.69
NYHA L 7 (%) 8 (1) 2(0.5) 6(2) 0.16
NYHA II, 7 (%) 289 (43) 137 (39) 152 (47) 0.04
NYHA III, 1 (%) 296 (44) 161 (46) 135 (42) 0.27
NYHA 1V, n (%) 75 (11) 47 (13) 28 (9) 0.05
Hypertonia, 1 (%) 471 (71) 250 (72) 221 (69) 0.39
Atrial fibrillation, n (%) 253 (38) 134 (39) 119 (37) 0.70
COPD, 1 (%) 105 (16) 70 (20) 35 (11) <0.01
Creatinine, mg/dl (median, 25th-75th percentile) 1.0 (0.9-1.3) 1.0 (0.9-1.3) 1.0 (0.8-1.3) 0.99
BUN, mg/dl (median, 25th-75th percentile) 21.6 (16.8-27.7) 21.8 (16.8-28.3) 21.3(16.9-27.3) 0.38
ACE-1/ARB, 1 (%) 589 (88) 297 (86) 292 (91) 0.02
Beta-blocker, 1 (%) 576 (86) 289 (83) 287 (90) 0.02
MRA, n (%) 445 (67) 213 (61) 232 (72) <0.01
Loop diuretic, 7 (%) 501 (75) 263 (76) 238 (74) 0.67
Digoxin, n (%) 138 (21) 89 (26) 49 (15) <0.01
Amiodarone, n (%) 167 (25) 67 (19) 100 (31) <0.001
Mortality

Absolute rate, n (%) 306 (46) 194 (56) 112 (35) <0.001

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease; CRT-D, cardiac

resynchronization therapy-defibrillator; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association.

Bold p-values mean that they are significant.
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TABLE 2 Baseline characteristics of patients with Goldenberg risk score (GRS) < 3.

Characteristics

Age, years (median, 25th-75th percentile) 64.1 (58.4-70.2) 61.3 (53.8-66.8) < 0.001
Female sex, n (%) 66 (42) 56 (28) 0.09
Ejection fraction, % (mean, SD) 29.1(7.7) 26.7 (5.5) < 0.01
QRS duration, ms (median, 25th-75th percentile) 155 (130-170) 160 (140-170) 0.59
NYHA I, 1 (%) 2(1) 6(3) 0.18
NYHA I1, 1 (%) 102 (60) 116 (63) 0.09
NYHA IIL, 7 (%) 49 (29) 51 (28) 0.81
NYHA 1V, 1 (%) 16 (9) 10 (5) 0.15
Hypertonia, 1 (%) 123 (73) 111 (60) 0.01
Atrial fibrillation, n (%) 26 (15) 28 (15) 0.98
COPD, 1 (%) 34 (20) 17.(9) <0.01
Creatinine, mg/dl (median, 25th-75th percentile) 0.95 (0.85-1.14) 0.96 (0.8-1.2) 0.88
BUN, mg/dl (median, 25th-75th percentile) 19.0 (15.1-22.7) 18.8 (15.4-23.5) 0.65
ACE-I/ARB, n (%) 149 (88) 167 (91) 0.34
Beta-blocker, n (%) 144 (85) 168 (92) 0.05
MRA, n (%) 103 (61) 134 (73) 0.01
Loop diuretic therapy, n (%) 120 (71) 124 (68) 0.51
Digoxin therapy, 1 (%) 33(19) 29 (15) 0.36
Amiodarone, 1 (%) 28 (16) 47 (26) 0.04
Mortality

Absolute rate, n (%) 79 (47) 50 (27) < 0.001

ACE-], angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease; CRT-D, cardiac
resynchronization therapy-defibrillator; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association.

Bold p-values mean that they are significant.

CRT-P implantation. Our median follow-up time was 4.3 years.
Regarding absolute mortality rates, fewer patients died with
CRT-D therapy than with CRT-P (35 vs. 56%, p < 0.001),
respectively (Table 1). Higher long-term absolute mortality rates
can be observed in patients with CRT-P devices compared to
CRT-D nonetheless of their risk score, except in the VHR patient
population (Figure 1A and Supplementary Table 3). A U-
shaped curve can be drawn for ICD efficacy, no significant
effect of CRT-D implantation can be observed in high-risk and
VHR patients. The greatest reduction of the primary composite
endpoint can be seen in patients of a 2 and 3 risk score
(Figure 1B).

In the total cohort without VHR group, at long-term a
statistically significant benefit can be observed toward CRT-
D compared to CRT-P therapy (HR 0.73; 95% CI 0.58-0.92;
p =0.01) (Figure 2), however by multivariate analysis, it was not
confirmed (HR 0.79; 95% CI 0.59-1.07; p = 0.13). Cox regression
analysis was adjusted for relevant clinical covariates such as age,
gender, LVEE, NYHA functional class, serum urea, presence of
atrial fibrillation, diabetes, hypertension, and body mass index.

When the primary endpoint was examined by the GRS, in
absolute rates CRT-P implanted patients seem to have a less
favorable survival rate, in low-risk patients (CRT-P 47% vs. CRT-
D 27%; p < 0.001) and in high-risk patients (CRT-P 64% vs. 45%;
p <0.001).
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A survival benefit could be observed with CRT-D implanted
low-risk patients (risk score of 1-2) (HR 0.68; 95% CI 0.48-
0.96; p = 0.03) compared to low-risk CRT-P treated individuals
(Figure 3A). However, patients with a high-risk score (risk score
> 3) did not benefit from the addition of an ICD to CRT at
long-term (HR 0.84; 95% CI 0.62-1.13; p = 0.26) (Figure 3B).

These results were also proved by Cox regression analysis.
In low-risk patients CRT-D could be associated with a 42%
mortality benefit (HR 0.58; 95% CI 0.43-0.79; p < 0.001)
compared to CRT-P, not observed in high-risk patients (HR 1.06;
95% CI 0.66-1.71; p = 0.80) after adjusting for age, NYHA class,
se-BUN, atrial fibrillation, gender and LVEF.

Very-high-risk patient population

We identified 51 patients whose se-BUN exceeded 50 mg/dl.
These VHR patients differed significantly from non-VHR
patients in renal function (se-BUN 63 mg/dl vs. 21.6 mg/dl;
p < 0.001), while atrial fibrillation was more frequent (65 vs.
38%; p < 0.001), CRT-D device implantations occurred in a
lower number in the VHR group compared to the non-VHR
group (33 vs. 48%; p = 0.04) (Table 4).

Very-high-risk patients showed a higher absolute mortality
rate (78 vs. 46%; p < 0.001) compared to the non-VHR group
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and an almost threefold higher risk of the primary endpoint
by univariate analysis (HR 2.85; 95% CI 1.70-4.76; p < 0.001).
In this selected patient group, no benefit of the ICD could be
proven (HR 0.92; 95% CI 0.48-1.77; p = 0.81) (Figure 3C), even
after adjusting for relevant covariates such as age, gender, and
LVEF (HR 0.59; 95% CI 0.20-1.68; p = 0.32).

Discussion

Our single center, large-scale, real-world clinical data is
the first analysis with solely non-ischemic CRT patients, which
used the GRS to identify the subgroup of patients who show
long-term mortality benefit with adding an ICD to CRT.
We found that CRT-D implantation in the total cohort of
non-ischemic patients did not provide a long-term all-cause
mortality difference compared to CRT-P. However, using the
GRS, in a selected subgroup CRT-D implantation was beneficial,
particularly in those with low and moderate risk showing a
U-shaped curve for the total cohort.

Although the guideline concerning primary prevention of
SCD states ICD implantation is recommended for symptomatic
HF patients of non-ischemic etiology with a IB level of
evidence (2), ever since the publication of the DANISH trial

10.3389/fcvm.2022.1062094

results, physicians’ attitude toward device implantation changed
(14). The diagnosis of non-ischemic cardiomyopathy favored
implanting CRT-P devices in 32% of surveyed centers, while
the trial highlighted the relevance of adding an ICD regarding
all-cause mortality in the subgroup of patients younger than
68 years (HR 0.64; 95% CI 0.45-0.90; P = 0.01). In a subgroup
analysis of the COMPANION trial, a reduction in SCD was
confirmed without any benefit in total mortality (1). The
DEFINITE trial also discarded the benefit of adding an ICD
to oral standard medical care in non-ischemic patients with
respect to death from any cause (HR 0.65; 95% CI 0.40-1.06;
p = 0.08) (15). In line with these results, more observational
large-scale studies conducted by Leyva and one at our center
demonstrated that CRT-D was not associated with a mortality
benefit in non-ischemic patients (5, 6).

These data all confirm that the decision about
adding an ICD to CRT in non-ischemic patients is still
challenging and multifactorial (14). Moreover, using
the current four-pillar medical treatment for HFrEF
patients, adding the ICD in the elderly requires further
investigation and patient-level individual assessment. For
this purpose, several risk scores were attempted to assess
the odds of SCD and cardiovascular mortality after CRT
implantation (9, 16). Also, CRT itself reduces the risk of

TABLE 3 Baseline characteristics of patients with Goldenberg risk score (GRS) > 3.

Characteristics

Age, years (median, 25th-75th percentile) 72.2 (65.6-77.4) 70.8 (62.9-75.1) 0.02
Female sex, n (%) 70 (39) 27 (19) < 0.001
Ejection fraction, % (median, 25th-75th percentile) 28.0 (23.0-34.0) 28.0 (22.0-31.0) 0.33
QRS duration, ms (median, 25th-75th percentile) 160 (140-179) 160 (140-170) 0.32
NYHAT n (%) 0(0) 0(0) > 0.99
NYHATIL 1 (%) 35(20) 36 (26) 0.16
NYHA III, # (%) 112 (63) 83 (60) 0.67
NYHA 1V, n (%) 31(17) 18 (13) 0.30
Hypertonia, n (%) 127 (71) 110 (80) 0.07
Atrial fibrillation, 7 (%) 108 (60) 91 (66) 0.29
COPD, 1 (%) 36 (20) 18 (13) 0.09
Creatinine, mg/dl (median, 25th-75th percentile) 1.14 (0.93-1.51) 1.16 (0.98-1.46) 0.55
BUN, mg/dl (mean, SD) 27.3(9.4) 26.7 (8.9) 0.56
ACE-I/ARB, n (%) 148 (83) 125 (91) 0.03
Beta-blocker, 7 (%) 145 (81) 119 (87) 0.20
MRA, n (%) 110 (62) 98 (71) 0.07
Loop diuretic, 1 (%) 143 (80) 114 (83) 0.43
Digoxin, 7 (%) 56 (31) 20 (16) < 0.001
Amiodarone, n (%) 39 (22) 53 (39) < 0.01
Mortality

Absolute rate, n (%) 114 (64) 62 (45) < 0.001

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease; CRT-D, cardiac
resynchronization therapy-defibrillator; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association.

Bold p-values mean that they are significant.
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A Long-term mortality in CRT-P and CRT-D groups by risk category
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FIGURE 1

(A) Long-term mortality in cardiac resynchronization therapy-pacemaker (CRT-P) and cardiac resynchronization therapy-defibrillator (CRT-D)
groups by risk category. Higher long-term absolute mortality rates can be observed in patients with CRT-P devices compared to CRT-D
nonetheless of their risk score, except in the very-high-risk (VHR) patient population. (B) U-shaped curve for implantable cardioverter
defibrillator (ICD) efficacy. No significant effect of CRT-D implantation can be observed in high-risk (score > 3) and VHR patients. The greatest
mortality reduction can be seen in low-risk patients.
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FIGURE 2

Kaplan—Meier estimates of survival comparing cardiac resynchronization therapy-defibrillator (CRT-D) and cardiac resynchronization
therapy-pacemaker (CRT-P) therapies in non-ischemic patients. In the study population, at long-term a statistically significant benefit can be
observed toward CRT-D compared to CRT-P therapy (HR 0.73; 95% CIl 0.58-0.92; p = 0.01), yet at multivariate analysis this significance
vanished (HR 0.79; 95% CIl 0.59-1.07; p = 0.13).
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FIGURE 3

(A) Kaplan—Meier estimates of survival comparing cardiac resynchronization therapy-defibrillator (CRT-D) and cardiac resynchronization
therapy-pacemaker (CRT-P) therapies in low-risk patients (< 3). In low-risk groups CRT-D was associated with mortality benefit at long-term
(HR 0.68; 95% Cl 0.48-0.96; p = 0.03) compared to CRT-P. (B) Kaplan—Meier estimates of survival comparing CRT-D and CRT-P therapies in
high-risk patients [Goldenberg risk score (GRS) > 3]. In this patient group CRT-D did not provide a mortality benefit (HR 0.84; 95% C| 0.62-1.13;
p = 0.26) compared to CRT-P at long-term. (C) Kaplan—Meier estimates of survival in very-high-risk patients (VHR group) compared to the
study population (non-VHR group). An almost threefold higher risk of all-cause mortality could be observed in the VHR patient group (HR 2.85;
95% Cl1 1.70-4.76; p < 0.001) compared to the non-VHR group.

SCD and significantly reduces the occurrence of ventricular
arrhythmias due to reverse remodeling (17). These interacting
of

risk assessment using such SCD or all-cause mortality

phenomena also highlight the relevance individual
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calculators (18). An ongoing randomized controlled trial,
the RESET-CRT trial is set to determine the effect of CRT-D
on all-cause mortality and SCD in HF patients with CRT

indication (19).
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TABLE 4 Baseline characteristics comparing the non- and very-high-risk (VHR) patient groups.

Characteristics non-VHR group VHR group

n = 667 n =51
BUN, mg/dl (median, 25th-75th percentile) 21.6 (16.8-27.7) 63 (55.2-71.1) < 0.001
Creatinine, mg/dl (median, 25th-75th percentile) 1.0 (0.8-1.3) 2.1(1.7-2.8) < 0.001
Age, years (mean, SD) 65.6 +£10.6 67.4+9.9 0.26
Ejection fraction, % (median, 25th-75th percentile) 28 (23-32) 28 (25-30) 0.66
QRS duration, ms (median, 25th-75th percentile) 160 (140-170) 160 (140-190) 0.33
CRT-D device, 11 (%) 320 (48) 17 (33) 0.04
Atrial fibrillation, n (%) 253 (38) 33 (65) < 0.001
Female sex, n (%) 219 (33) 14 (27) 0.43
Loop diuretic therapy, 1 (%) 501 (75) 43 (84) 0.14
Digitalis therapy, n (%) 138 (21) 10 (20) 0.85
Mortality
Absolute rate, n (%) 306 (46) 40 (78) < 0.001

BUN, blood urea nitrogen; CRT-D, cardiac resynchronization therapy-defibrillator.
Bold p-values mean that they are significant.

Initially, the GRS has been established to ameliorate patient
selection for ICD implantation in ischemic cardiomyopathy, to
outline subgroups that correspond with ICD efficacy (12). We
applied the risk stratification unconventionally in non-ischemic
HF patients undergoing CRT implantation, it is based on the five
most relevant mortality predictors (age, atrial fibrillation, NYHA
functional class, QRS width, and serum blood urea nitrogen).

Long-term outcome of non-ischemic patients with CRT-
D is influenced by several parameters. The characteristics of
the investigated patient cohort are essential regarding co-
morbidities and the subsequent responder status. Our patient
population was similarly aged [CRT-D 64 (57-71) years and
CRT-P 69 (61-75) years] compared to the population in the
study conducted by Barra et al. (CRT-D 66 years and CRT-
P 69.8 years) (18) and to those in the MADIT-CRT trial
(65 11 years) (20).

Our real-world data also shows that a selection bias can
be presumed since CRT-P patients were older, with fewer
females and had a higher LVEF at baseline compared to CRT-D
implanted patients which may influence their outcome in CRT
response and SCD rate. Similar sex distribution was observed
by Barra et al. showing that fewer female patients undergo CRT
implantation (33% were females in the COMPANION trial and
26% in the MADIT-CRT trial). Regarding atrial fibrillation, in
the MADIT 1I trial, atrial fibrillation occurred less frequently
compared to our study population (37 vs. 39%), however, we
assessed both the current and previous events in order to involve
those, who are definitely showing a higher risk to cardiovascular
mortality compared to those with sinus rhythm (21).

At illustration, mortality reduction outlines as a U-shaped
curve emphasizing that mostly intermediate-risk (risk factors of
2 and 3) patients benefit from CRT-D implantation (12).
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The absolute mortality rates are comparable to the original
article (12), 16% in non-VHR patients vs. 15.7% in our data.
In the mid-term analysis of the GRS, published by Goldenberg
et al. patients with an intermediate-risk gained the largest benefit
from ICD therapy whereas patients with low- or high-risk
did not (12). The risk stratification was also studied at long-
term low-risk patients did have a significantly higher survival
rate with ICD therapy than usual clinical care (HR 0.52; 95%
CI 0.38-0.73; p < 0.001); high-risk patients with multiple
comorbidities still did not acquire survival benefit (HR 0.84;
95% CI 0.63-1.13; p = 0.247) (13). Barra et al. enrolled patients
regardless of their etiology that involved CRT candidates from
a long timeframe between 2000 and 2011 and observed similar
results. Patients with a low-risk score were more likely to benefit
from the defibrillator, moreover, this benefit was most dominant
in the first few years (11.3 vs. 24.7%, p = 0.041) then attenuated
atlong-term (21.2 vs. 32.7%, p = 0.078). At multivariate analysis,
CRT-D decreased mortality rates compared to CRT-P (HR
0.339; 95% CI 0.178-0.642; p = 0.001), also seen after propensity
score matching (CRT-D 20% vs. 38.2% CRT-P; p = 0.036) (18).
In our analysis low-risk CRT-D patients showed a mortality
benefit compared to CRT-P (HR 0.68; 95% CI 0.48-0.96;
p = 0.03), whereas high-risk patients did not (HR 0.84; 95% CI
0.62-1.13; p = 0.26).

Our analysis has certain limitations. First, this was a
retrospective, single-center analysis with multiple subgroups,
our statistical results need to be interpreted in that light. Second,
the GRS was originally investigated in ischemic patients with
mild to moderate symptoms, which has differed from our
cohort. Third, in our cohort, only CRT patients were presented,
thus during the GRS calculation, the lowest value was 1 for all
due to the wide QRS, which might influence our score analysis.
Also, a selection bias can be presumed since only a limited
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percent of patients’ data could be analyzed. The analyzed patient
groups differed significantly in mortality risk factors which
might influence our results.

To conclude, in our retrospective single-center, large-
scale, real-world clinical data, patients with non-ischemic
HF who underwent CRT-D implantation did not acquire
mortality benefit of having a defibrillator compared to CRT-
P implantation. These results need further investigation;
randomized trials are needed to assess and confirm our
retrospective observations.

With the GRS physicians have at their hands an easily
calculable risk stratification score in everyday clinical
practice, made up of certainly assessed variables before
device implantation. Selection of low and intermediate may
help to achieve the most favorable outcome for non-ischemic
HF patients. These patients may benefit the most from the
addition of a defibrillator to CRT during long-term follow-up,
whereas high-risk patients are unlikely to.

Our results have further clinical implications for non-
ischemic patients, considering CRT-P implantation with
optimal HFrEF medical treatment would be essential in those
with very-high or low GRS. Besides calculating the GRS,
the administration of drugs that showed clear evidence of
risk reduction in mortality or SCD as sacubitril/valsartan or
SGLT?2 inhibitors may prolong or diminish the need for ICD

implantation in CRT patients.

Data availability statement

The original contributions presented in this study are
included in the article/Supplementary material, further
inquiries can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed
and approved by the Regional and Institutional Committee
and Research; No. 161-0/2019. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

Author contributions

EM and WS participated in the conceptualization and
designing of the study, in the data analyzation, and drafting of
the manuscript. AB, LK, and BV engaged in data collection,
participated in the interpretation of results, and thoroughly
reviewed the manuscript. IO, RP, LM, EZ, and LG participated in
the critical discussion of the data and reviewed the manuscript.
AK made a major contribution to the conceptualization and
execution of the study, supervised data collection, and critically
reviewed the manuscript. BM supervised the study execution

Frontiers in Cardiovascular Medicine

10

10.3389/fcvm.2022.1062094

and thoroughly reviewed the manuscript. All authors read and
approved the final version of the manuscript.

Funding

Project no. RRF-2.3.1-21-2022-00003 was implemented
with the support provided by the European Union. AK was
supported by the Janos Bolyai Research Scholarship of the
Hungarian Academy of Sciences.

Conflict of interest

AK
Biotronik, and receives payment or honoraria for lectures

receives consulting fees from Medtronic and
from Novartis, Bayer, Boehringer Ingelheim, Astra Zeneca,
Medtronic Biotronik, and Boston Scientific. BM receives
grants or has contracts with Abbott, Astra Zeneca, Argint
International, Boston
Scientific, Bristol-Myers Squibb, CSL Behring, Daiichi Sankyo,
Cerenis Therapeutics SA DUKE Clinical Institut, Eli Lilly,
Medtronic, Novartis, Terumo, St. Jude, Zoll and VIFOR

Pharma, and receives lecture fees from Abbott, Astra Zeneca,

Biotronik, Boehringer Ingelheim,

Biotronik, Boehringer Ingelheim, and Novartis. LG receives
lecture fees from Biotronik, Medtronic, Johnson & Johnson
Medical, and Abbott outside the submitted work. EZ reports
lecture and advisory fees from Biotronik, Medtronic, Boston
Scientific, and Zoll Medical, outside the submitted work. RP
reports lecture fees from Biotronik, Medtronic, and Abbott
outside the submitted work. LM reports lecture fees from
Biotronik, Medtronic, and Abbott outside the submitted work.

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
that
conflict of interest.

relationships could be construed as a potential

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material
The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/

fcvm.2022.1062094/full#supplementary- material

frontiersin.org


https://doi.org/10.3389/fcvm.2022.1062094
https://www.frontiersin.org/articles/10.3389/fcvm.2022.1062094/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2022.1062094/full#supplementary-material
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Merkel et al.

References

1. Bristow MR, Saxon LA, Boehmer J, Krueger S, Kass DA, De Marco T, et al.
Cardiac-resynchronization therapy with or without an implantable defibrillator in
advanced chronic heart failure. N Engl ] Med. (2004) 350:2140-50.

2. Glikson M, Nielsen JC, Kronborg MB, Michowitz Y, Auricchio A,
Barbash IM, et al. 2021 ESC Guidelines on cardiac pacing and cardiac
resynchronization therapy: developed by the task force on cardiac pacing and
cardiac resynchronization therapy of the European Society of Cardiology (ESC)
With the special contribution of the European Heart Rhythm Association (EHRA).
Eur Heart J. (2021) 42:3427-520.

3. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M, et al.
2021 ESC guidelines for the diagnosis and treatment of acute and chronic heart
failure: developed by the Task Force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC) with the special
contribution of the Heart Failure Association (HFA) of the ESC. Eur Heart J. (2021)
42:3599-726.

4. Mullens W, Auricchio A, Martens P, Witte K, Cowie MR, Delgado V, et al.
Optimized implementation of cardiac resynchronization therapy: a call for action
for referral and optimization of care. Eur ] Heart Fail. (2020) 22:2349-69.

5. Leyva E, Zegard A, Umar E Taylor RJ, Acquaye E, Gubran C, et al. Long-
term clinical outcomes of cardiac resynchronization therapy with or without
defibrillation: impact of the aetiology of cardiomyopathy. EP Europace. (2018)
20:1804-12.

6. Kutyifa V, Geller L, Bogyi P, Zima E, Aktas MK, Ozcan EE, et al. Effect
of cardiac resynchronization therapy with implantable cardioverter defibrillator
versus cardiac resynchronization therapy with pacemaker on mortality in heart
failure patients: results of a high-volume, single-centre experience. Eur ] Heart Fail.
(2014) 16:1323-30. doi: 10.1002/ejhf.185

7. Leyva E, Zegard A, Okafor O, de Bono J, McNulty D, Ahmed A, et al. Survival
after cardiac resynchronization therapy: results from 50 084 implantations. EP
Europace. (2018) 21:754-62. doi: 10.1093/europace/euy267

8. Kober L, Thune JJ, Nielsen JC, Haarbo ], Videbak L, Korup E, et al
Defibrillator implantation in patients with nonischemic systolic heart failure. N
Engl ] Med. (2016) 375:1221-30.

9. Younis A, Goldberger JJ, Kutyifa V, Zareba W, Polonsky B, Klein H, et al.
Predicted benefit of an implantable cardioverter-defibrillator: the MADIT-ICD
benefit score. Eur Heart J. (2021) 42:1676-84.

10. Cygankiewicz I, Gillespie J, Zareba W, Brown MW, Goldenberg I, Klein
H, et al. Predictors of long-term mortality in multicenter automatic defibrillator

implantation trial II (MADIT II) patients with implantable cardioverter-
defibrillators. Heart Rhythm. (2009) 6:468-73.

11. Goldenberg I, Moss AJ, Hall W], Foster E, Goldberger JJ, Santucci P, et al.
Predictors of response to cardiac resynchronization therapy in the multicenter

Frontiers in Cardiovascular Medicine

11

10.3389/fcvm.2022.1062094

automatic defibrillator implantation trial with cardiac resynchronization therapy
(MADIT-CRT). Circulation. (2011) 124:1527-36.

12. Goldenberg I, Vyas AK, Hall W], Moss AJ, Wang H, He H, et al
Risk stratification for primary implantation of a cardioverter-defibrillator in
patients with ischemic left ventricular dysfunction. ] Am Coll Cardiol. (2008)
51:288-96.

13. Barsheshet A, Moss AJ, Huang DT, McNitt S, Zareba W, Goldenberg I.
Applicability of a risk score for prediction of the long-term (8-year) benefit of
the implantable cardioverter-defibrillator. ] Am Coll Cardiol. (2012) 59:2075-9.
doi: 10.1016/j.jacc.2012.02.036

14. Haugaa KH, Tilz R, Boveda S, Dobreanu D, Sciaraffia E, Mansourati J, et al.
Implantable cardioverter defibrillator use for primary prevention in ischaemic and
non-ischaemic heart disease-indications in the post-DANISH trial era: results of
the European Heart Rhythm Association survey. Europace. (2017) 19:660-4. doi:
10.1093/europace/eux089

15. Kadish A, Dyer A, Daubert JP, Quigg R, Estes NA, Anderson KP, et al.
Prophylactic defibrillator implantation in patients with nonischemic dilated
cardiomyopathy. N Engl ] Med. (2004) 350:2151-8.

16. Kristensen SL, Levy WC, Shadman R, Nielsen JC, Haarbo J, Videbxk L,
et al. Risk models for prediction of implantable cardioverter-defibrillator benefit:
insights from the DANISH trial. JACC Heart Fail. (2019) 7:717-24. doi: 10.1016/j.
jchf.2019.03.019

17. Ruwald MH, Solomon SD, Foster E, Kutyifa V, Ruwald AC, Sherazi S,
et al. Left ventricular ejection fraction normalization in cardiac resynchronization
therapy and risk of ventricular arrhythmias and clinical outcomes: results
from the multicenter automatic defibrillator implantation trial with cardiac
resynchronization therapy (MADIT-CRT) trial. Circulation. (2014) 130:2278-86.
doi: 10.1161/CIRCULATIONAHA.114.011283

18. Barra S, Looi KL, Gajendragadkar PR, Khan FZ, Virdee M, Agarwal
S. Applicability of a risk score for prediction of the long-term benefit
of the implantable cardioverter defibrillator in patients receiving cardiac
resynchronization therapy. Europace. (2016) 18:1187-93. doi: 10.1093/europace/
euv352

19. Hadwiger M, Dagres N, Haug J, Wolf M, Marschall U, Tijssen J, et al.
Survival of patients undergoing cardiac resynchronization therapy with or without
defibrillator: the RESET-CRT project. Eur Heart J. (2022) 43:2591-9.

20. Moss AJ, Hall W], Cannom DS, Klein H, Brown MW, Daubert JP, et al.
Cardiac-resynchronization therapy for the prevention of heart-failure events. N
Engl ] Med. (2009) 361:1329-38.

21. Moss AJ, Zareba W, Hall W], Klein H, Wilber DJ, Cannom DS, et al.
Prophylactic implantation of a defibrillator in patients with myocardial infarction
and reduced ejection fraction. N Engl ] Med. (2002) 346:877-83.

frontiersin.org


https://doi.org/10.3389/fcvm.2022.1062094
https://doi.org/10.1002/ejhf.185
https://doi.org/10.1093/europace/euy267
https://doi.org/10.1016/j.jacc.2012.02.036
https://doi.org/10.1093/europace/eux089
https://doi.org/10.1093/europace/eux089
https://doi.org/10.1016/j.jchf.2019.03.019
https://doi.org/10.1016/j.jchf.2019.03.019
https://doi.org/10.1161/CIRCULATIONAHA.114.011283
https://doi.org/10.1093/europace/euv352
https://doi.org/10.1093/europace/euv352
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Predicting the survival benefit of cardiac resynchronization therapy with defibrillator function for non-ischemic heart failure—Role of the Goldenberg risk score
	Introduction
	Materials and methods
	Study population and evaluations
	Calculation of the Goldenberg risk score
	Endpoints
	Procedures
	Statistical analysis

	Results
	Baseline clinical characteristics
	Primary endpoints
	Very-high-risk patient population

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


