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Elevated B-Type Natriuretic Peptide Level as a Residual Risk
Factor for Ventricular Arrhythmias Among Patients
Undergoing Cardiac Resynchronization Therapy
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Background: Patients who achieve improved left ventricular ejection fraction (LVEF >35%) with cardiac resynchronization therapy
(CRT) are at a lower risk of ventricular arrhythmia (VA). Little is known about the significance of the B-type natriuretic peptide (BNP)
level for the risk of VA. This study investigated the risk factors for VA in CRT and the risk stratification of VA with BNP in CRT with
improved LVEF.

Methods and Results: This study evaluated 352 CRT patients from 2012 to 2020. Patients were categorized into 2 groups:
improved LVEF (impEF; LVEF >35%), and low LVEF (lowEF; LVEF <35%). The serum BNP levels 6 months after CRT device
implantation were measured. The primary endpoint was defined as VA requiring treatment with anti-tachycardia pacing or shock or
persisting for >30s. Overall, 102 patients had improved LVEF. The impEF group had a significantly lower VA risk than the lowEF
group. Patients with low BNP had a lower VA risk than those with high BNP; however, no significant difference was observed between
patients with high BNP and those in the lowEF group. Univariate analysis revealed that high BNP was a predictor of VA in the impEF

group.
Conclusions: The VA risk is reduced with improved LVEF after CRT but not with high BNP levels. The post-BNP level after CRT
implantation is a useful marker for predicting VA in patients with improved LVEF.

Key Words: B-type natriuretic peptide; Cardiac resynchronization therapy; Improved LVEF >35%; Risk stratification; Ventricular
arrhythmia

biomarker for patients with heart failure (HF).! BNP

was reported as a useful biomarker in the manage-
ment of HF and a predictor of ventricular arrhythmia
(VA).2 An elevated BNP level is related to the risk for VA
among patients treated with an implantable cardioverter
defibrillator (ICD) and is an independent predictor of
increased risk for subsequent VA among patients treated
with cardiac resynchronization therapy (CRT) devices
from Multicenter Automatic Defibrillator Implantation

B -type natriuretic peptide (BNP) is a vital prognostic

Trial-Cardiac Resynchronization Therapy (MADIT-CRT)
analysis.3* Although patients with left ventricular (LV)
dysfunction have a higher risk of developing VA than do
those unaffected by LV dysfunction, the risk of VA is
reduced with improved left ventricular ejection fraction
(LVEF) among patients treated with CRT.5 Furthermore,
as CRT improves cardiac contraction and hemodynamics,
CRT responders are reported to be at a lower risk of devel-
oping VA than the non-responders.® Since patients who
achieve LVEF normalization are at risk of inappropriate
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Consecutive CRT implantation cases from 2012 to 2020 (n = 422)
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Figure 1. Flowchart of the study protocol. Flowchart demonstrating how the study population was initially divided into non-
improved LVEF and improved post-CRT implantation groups, with subsequent division of the impEF group into two groups accord-
ing to BNP levels at 6 months after CRT implantation. BNP, B-type natriuretic peptide; CRT, cardiac resynchronization therapy;
HD, hemodialysis; impEF, improved LVEF; lowEF, low LVEF; LVEF, left ventricular ejection fraction; VA, ventricular arrhythmia.

therapy despite being at significantly low risk of develop-
ing VA,” whether to deactivate ICD therapy could be a
matter of debate. Additionally, it is important to consider
downgrading to CRT pacemakers for battery life longevity
among patients with a lower risk of VA development.
Although the indication for ICD depends on the LVEF,
the risk factors and stratification of VA in patients under-
going CRT, with an improvement in LVEF >35%, remain
unclear. This study aimed to: (1) investigate risk factors for
VA in patients undergoing CRT; and (2) explore VA risk
stratification with BNP in patients undergoing CRT with
an improvement in LVEF.

Methods

Study Population

This single-center, retrospective, observational study
analyzed 422 consecutive patients who underwent CRT at
National Cerebral and Cardiovascular Center from 2012
to 2020. The flowchart of this study is shown in Figure 1.
Most patients had LVEF <35%. The inclusion criteria were
based on the Japanese Circulation Society/Japanese Heart
Rhythm Society guideline on non-pharmacotherapy of
cardiac arrhythmias.® The exclusion criteria were as
follows: (1) patients undergoing hemodialysis (n=11); (2)
lack of data on LVEF (n=19) or BNP levels (n=31); and
(3) occurrence of VA events within 6 months after CRT
device implantation (n=9).

Ethical Considerations

This retrospective study was approved by the Institutional
Research Board of the National Cerebral and Cardiovas-
cular Center, Suita, Japan (M26-150-13). The procedures
followed in this study were performed in accordance with

the Declaration of Helsinki and with the ethical standards
of the responsible institutional or regional committee on
human experimentation. This study analyzed anonymous
data after patients consented to the treatment, and the opt-
out method for obtaining informed consent was applied.

Data Collection

Baseline clinical information, including age, sex, underly-
ing heart disease, and medical history, including hyperten-
sion, diabetes, chronic kidney disease (CKD), atrial
fibrillation, and ischemic cardiomyopathy (ICM), 12-lead
electrocardiography data, medication information, echo-
cardiography parameters, and New York Heart Association
(NYHA) class data, was acquired from all patients in the
cohort. Diabetes was defined according to the 2011 American
Diabetes Association guidelines.® CKD was defined in
accordance with the 2013 Kidney Disease: Improving Global
Outcomes guidelines. 1

BNP Measurement

Plasma BNP levels were measured using a commercial
immunoradiometric assay kit for human BNP (Shionogi,
Osaka, Japan) before CRT device implantation, and at 6
months after CRT device implantation.

Definition of CRT Patients With Improvement in LVEF

LVEF was assessed using echocardiography and single-
photon emission computed tomography before and at 6
months after CRT implantation during a stable hemody-
namic state. With echocardiography, LVEF was calculated
using the biplane Simpson equation or Teichholz formula.
All echocardiography data were measured during 3 con-
secutive cardiac cycles. All patients had LVEF measured
by echocardiography or single-photon emission computed
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Table 1. Baseline Characteristics Before and at 6 Months After CRT Implantation for Consecutive CRT
Patients
(ne352) 0z a0y P value

Age (years) 66+13 66+14 66+13 0.770
Male sex 265 (75) 64 (63) 201 (80) 0.001
Hypertension 168 (48) 52 (51) 116 (46) 0.481
Diabetes 116 (33) 26 (25) 90 (36) 0.062
CKD 157 (45) 35 (34) 122 (49) 0.014
Atrial fibrillation 187 (53) 54 (53) 133 (53) 1.00
ICM 9 (25) 17 (17) 72 (29) 0.021
DCM 133 (38) 36 (35) 97 (39) 0.549
HCM 32 (9) 11 (11) 21 (8) 0.540
Sarcoidosis 32 (9) 18 (18) 14 (6) 0.002
Secondary prevention 68 (19) 18 (18) 50 (20) 0.658
LBBB 85 (24) 33(32) 52 (21) 0.028
QRS duration (ms) 159 [135-179] 165 [144-182] 156 [133-177] 0.068
Medication

B-blocker 288 (82) 74 (73) 214 (86) 0.006

ACE inhibitor or ARB 282 (80) 81 (79) 201 (80) 0.883

MRA 222 (63) 54 (53) 168 (67) 0.015

Amiodarone 111 (32) 20 (20) 91 (36) 0.002
Baseline LVEF (%) 25 [19-31] 33 [26-36] 23 [18-28] <0.001
Baseline BNP (pg/mL) 297 [150-516] 191 [117-320] 372 [187-580] <0.001
NYHA class Il 221 (63) 78 (76) 143 (57) 0.010
NYHA class Il 115 (33) 24 (24) 91 (36) 0.024
NYHA class IV 16 (5) 0 16 (6) 0.008

Unless indicated otherwise, data are presented as n (%), mean=+SD, or median [interquartile range]. ACE, angioten-
sin-converting enzyme; AF, atrial fibrillation; ARB, angiotensin receptor blocker; BNP, B-type natriuretic peptide;
CKD, chronic kidney disease; CRT, cardiac resynchronized therapy; DCM, dilated cardiomyopathy; HCM, hypertro-
phic cardiomyopathy; ICM, ischemic cardiomyopathy; impEF, improved LVEF; LBBB, left bundle branch block;
lowEF, low LVEF; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New

York Heart Association.

tomography. Patients undergoing CRT with improved
LVEF (impEF group) were defined as patients whose
LVEF was >35% following assessment at 6 months after
CRT device implantation, using the modality calculated
before CRT device implantation. Patients who did not
show an improved LVEF of >35% were grouped into the
low LVEF group (IlowEF group).

Clinical Outcome and Definition of CRT Responders

A VA event was defined as the incidence of appropriate
ICD therapy, including anti-tachycardia pacing, shock
therapy, or VA lasting for >30s. VA events were evaluated
at 6 months after CRT device implantation. VA was
assessed using an intracardiac electrogram, including pre-
episode, detection, and post-therapy sections with 3-chan-
nel signals from the atrial, right ventricular, and LV
electrodes or right ventricular far-field signal.

Follow up

The follow-up data of participants were obtained from
the charts of ICDs and pacemakers, inpatient records,
and ambulatory assessments in National Cerebral and
Cardiovascular Center.

Statistical Analysis
Results are presented as mean+SD or median with inter-
quartile range (IQR) for continuous data, accordingly.

Categorical data are expressed as frequencies (percent-
ages). Differences in categorical attributes across groups
were assessed using either the X test or Fisher’s exact test,
as deemed suitable. Comparisons of continuous variables
were conducted using the Wilcoxon rank-sum test; statisti-
cal significance was recognized at a threshold of P<0.05.
The relationship between the BNP levels and VA events
was assessed using a 6-month landmark analysis. Patients
were grouped according to their BNP levels at 6 months
after CRT device implantation, and follow up was initiated
6 months later. Groups were compared and displayed
using a log-rank test and Kaplan-Meier survival analysis.
Univariate Cox proportional hazards regression modeling
was used to evaluate the correlation between the impEF
group and the occurrence of VA events. Event-free sur-
vival was calculated from 6 months after CRT device
implantation to the date of VA events. All analyses were
carried out using the JMP 14 software (SAS Institute Inc.,
Cary, NC, USA).

Results

Baseline Characteristics

The baseline characteristics of the 352 patients are shown
in Table 1. At the time of CRT device implantation, the
mean patient age was 6613 years, and 265 (75%) of the
patients were men. The QRS duration was 159ms (IQR
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Table 2. Stratification of Patients in the impEF Group by the Median BNP Level at 6 Months After CRT
Implantation
Low BNP group High BNP group
(n=51) (n=51) P value
Age (years) 64+14 69+14 0.041
Body mass index (kg/m2) 2414 234 0.219
Male sex 36 (71) 28 (55) 0.151
Hypertension 24 (47) 28 (55) 0.553
Diabetes 11 (22) 15 (29) 0.496
CKD 12 (24) 3 (45) 0.036
Atrial fibrillation 25 (49) 29 (57) 0.552
ICM 3(6) 4(27) 0.007
DCM 25 (49) 11 (22) 0.007
HCM 1(2) 0 (20) 0.008
Sarcoidosis 7 (14) 11 (22) 0.436
Secondary prevention 10 (20) 8 (16) 0.796
LBBB 21 (41) 12 (24) 0.090
QRS duration (ms) 171 [149-186] 159 [143-179] 0.298
Medication
B-blocker 38 (75) 36 (71) 0.825
ACE inhibitor or ARB 38 (75) 43 (84) 0.328
MRA 28 (55) 26 (51) 0.843
Amiodarone 7 (14) 13 (25) 0.212
Baseline LVEF (%) 30 [23-35] 33 [30-37] 0.024
Baseline BNP (pg/mL) 134 [64-189] 266 [197-405] 0.001
NYHA class Il 41 (80) 37 (73) 0.484
NYHA class Il 10 (20) 14 (27) 0.484
Unless indicated otherwise, data are presented as n (%), mean+SD, or median [interquartile range]. Abbreviations
asin Table 1.
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Figure 2. Cumulative probability of VA among the impEF and lowEF groups. Analysis revealed that patients in the impEF group
(blue line) had a lower VA risk than those in the lowEF group (red line). CRT, cardiac resynchronization therapy; impEF, improved
LVEF; lowEF, low LVEF; LVEF, left ventricular ejection fraction; VA, ventricular arrhythmia.
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Figure 3. Cumulative probability of VA in the impEF group, stratified by the median BNP level. Analysis revealed that patients with
low BNP (BNP <117 pg/mL; blue line) had a lower risk of VA than patients with high BNP (BNP >117 pg/mL; red line) in the impEF
group. For reference, the gray line indicates cumulative incidence of VA events in patients in the lowEF group. BNP, B-type natri-
uretic peptide; CRT, cardiac resynchronization therapy; impEF, improved LVEF; lowEF, low LVEF; LVEF, left ventricular ejection

135-179). The median baseline BNP level was 297 pg/mL
(IQR 150-516).

In this cohort, 102 (29%) patients showed an improved
LVEF of >35% (impEF group), and LVEF did not
improve in 250 (71%) patients (lowEF group). The preva-
lence of men (64 [63%] vs. 201 [80%]; P=0.001), amioda-
rone use (20 [20%] vs. 91 [36%]; P=0.002), and p-blocker
use (74 [73%)] vs. 214 [86%]; P=0.006) was lower in the
impEF group. The baseline LVEF prevalence was higher
in the impEF group (33% [IQR 26-36]) than in the lowEF
group (23% [IQR 18-28]; P<0.001). BNP levels were lower
in the impEF group (191 pg/mL [IQR 117-320]) than in the
lowEF group (372 pg/mL [IQR 187-580]; P<0.001).

Clinical Characteristics Between the High and Low BNP
Groups

The median BNP level at 6 months after implantation in
the impEF group was 117pg/mL (IQR 45-198 pg/mL).
Patients in the impEF group were divided into low BNP
(2117 pg/mL; n=51) and high BNP (>117pg/mL; n=51)
groups (Table 2). The prevalence of ICM (3 [6%] vs. 14
[27%)]; P=0.007) and CKD (12 [24%)] vs. 23 [45%)]; P=0.036)
was lower among patients in the low BNP group than
among those in the high BNP group. The prevalence of
baseline LVEF (30% [IQR 23-35] vs. 33% [IQR 30-37];
P=0.024) and baseline BNP levels (134pg/mL [IQR
64-189] vs. 266 pg/mL [IQR 197-405]; P=0.001) was sig-
nificantly lower in the low BNP group than in the high
BNP group. There were no significant differences in body
mass index (BMI) or NYHA classification between the low
BNP and high BNP groups (low BNP vs. high BNP; BMI
24+4kg/m? vs. 23+4kg/m?;, P=0.219; NYHA class II 41
[80%] vs. 37 [73%]; P=0.484; NYHA class III 10 [20%] vs.

Table 3. Univariate Analysis of the impEF Group

HR 95% CI P value
ICM 1.47 0.41-5.27 0.550
Hypertension 1.24 0.46-3.34 0.666
Diabetes 1.30 0.45-3.75 0.633
CKD 2.82 1.05-7.62 0.041
Secondary prevention 1.71 0.55-5.32 0.352
LBBB 0.23 0.05-1.02 0.053
AF 2.27 0.73-7.09 0.159
BNP >117 pg/mL 225 2.93-172.6 0.003

Cl, confidence interval; HR, hazard ratio; impEF, improvement in
LVEF to >35%. Other abbreviations as in Table 1.

14 [27%]; P=0.484).

VA Events

During follow up (median 842 days; IQR 295-1,619), 93
(26%) patients experienced VA events (impEF group vs.
lowEF group: 16 [16%)] vs. 77 [31%]; P=0.003). Landmark
analysis revealed that patients in the impEF group had a
lower risk of VA than patients in the lowEF group
(P=0.001; Figure 2).

Among patients in the impEF group, patients with low
BNP levels had a lower incidence of VA events than
patients with high BNP levels (low BNP vs. high BNP: 1
[29%] vs. 15 [29%]; P<0.001). In the low BNP group, only 1
patient experienced a VA event; the patient had cardiac
sarcoidosis as an underlying heart disease. The patient had
no VA event for 5 years from the date of CRT device
implantation. Landmark analysis revealed that patients
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with low BNP levels had a lower risk of VA than those
with high BNP levels (log-rank P<0.001), although there
was no significant difference between patients with high
BNP levels and patients in the lowEF group (log-rank
P=0.827; Figure 3). Univariate analysis for the prediction
of VA showed that high BNP levels at 6 months after CRT
implantation (hazard ratio [HR] 22.5; 95% confidence
interval [CI] 2.93-172.6; P=0.003) and CKD (HR 2.82;
95% CI 1.05-7.62; P=0.041) were significant risk factors
for VA among patients in the impEF group (Table 3).

Discussion

Main Findings

The present study investigated the significance of BNP for
VA risk stratification in patients with improved LVEF
after CRT device implantation. The main findings were as
follows: (1) patients with improved LVEF had a lower risk
of VA than patients in the lowEF group; (2) patients with
low BNP levels exhibited a lower risk of VA among patients
in the impEF group, although there was no significant dif-
ference between patients with high BNP levels in the
impEF group and patients in the lowEF group; and (3) a
high BNP level at 6 months after CRT device implantation
was a predictor of VA among patients in the impEF group.

Relationship Between CRT Response and VA Risk

ICD improves the survival of patients with LVEF <35%,11.12
and the indication for ICD is primarily based on LVEF
before device implantation.® Some reports investigated
the relationship between improvement in LVEF of >35%
and the risk of VA in evaluating the benefits of ICD
therapy.’34 In a meta-analysis of 16 studies involving
3,959 patients, an improved LVEF of >35% was associated
with a reduced risk of VA.7 The CRT response was more
effective in women with relatively short QRS duration.!5.16
In the present study, a significantly larger proportion of
women exhibited LVEF improvement of >35% compared
with the proportion that exhibited improvement of <35%
(37% vs. 20%; P=0.001). Additionally, CRT responders
were at a decreased risk of VA compared with the non-
responders,>¢17 and several reports showed that improve-
ments in LVEF, particularly when LVEF was 235%,
contribute to a reduction in VA.1417.18 Furthermore, in the
Multicenter Automatic Defibrillator Implantation Trial
with CRT (MADIT-CRT) analysis, patients who achieved
LVEF normalization and LVEF subnormalization were at
reduced risk of VA.5 Therefore, patients with improvement
in LVEF had a relatively lower risk of VA than those
without improvement.

Although patients with improved LVEF had a low risk
of subsequent VA, inappropriate ICD therapy was compa-
rable with those without improvement in LVEF of >35%.57
Additionally, an inappropriate ICD shock was associated
with a significant increase in the risk of death.! Therefore,
assessing the utility of a defibrillator and VA risk stratifica-
tion is crucial, especially for patients undergoing CRT with
a defibrillator and improvement in LVEF.

Risk Stratification With BNP Among Patients Undergoing
CRT With Improved LVEF

Increased intraventricular pressure and myocardial stretch
could enhance arrhythmogenesis,?? such as enhanced
refractoriness, slower conduction, and increased afterde-
polarizations.2-2¢ Although CRT has been reported to

improve cardiac function, resulting in a favorable prognosis?
and a reduced risk of VA 517 the suppressive effects of VA
depend on the response to CRT.26 In addition, Sapp et al.
reported that CRT could affect the arrhythmic substrate.
In a previous report, CRT did not show a reduction in
VA events in patients undergoing CRT with secondary
prevention.?” Hence, it was necessary to stratify the risk of
VA, even among patients with improved LVEF.

Several studies have reported the significance of BNP in
predicting the risk of VA and prognosis.34? In patients
managed with ICD, a meta-analysis and retrospective
analysis reported that elevated baseline levels of BNP or
N-terminal proBNP were independent predictors.?3 One
subanalysis in MADIT-CRT reported that assessment of
baseline and follow-up BNP levels provide important
prognostic implications in patients with mildly symptom-
atic HF receiving CRT.2 Furthermore, another study of
the MADIT-CRT cohort showed that preimplantation
BNP levels function as a surrogate marker of VA risk in
patients with mild HF, and monitoring BNP levels in
patients who have undergone CRT implantation proved
useful in identifying individuals who are at a high risk of
VA after implantation.

Notably, the present study suggests that BNP levels may
be useful for VA risk stratification in patients with
improved LVEF of >35% after CRT device implantation.
Because VA had only occurred in 1/51 (2%) patients in the
low BNP group at 5 years after CRT device implantation,
defibrillator deactivation may be feasible for such patients
if inappropriate shock occurs, or if requested by the
patient. There were no significant differences in NYHA
class between low and high BNP groups, and baseline
LVEF in the high BNP group was higher than that in the
low BNP group, therefore it is not justifiable to conclude
that patients in the high BNP group had more severe con-
ditions, even though they had higher baseline BNP values.
In the present study, high BNP was a predictor of VA even
in the impEF group, which has the clinical implication that
high BNP levels should be noted even in patients undergo-
ing CRT with LVEF improvement after implantation.
Patients in the high BNP group had a higher prevalence of
ICM than those in the low BNP group, which may have
resulted in an ineffective response to CRT despite the
improved LVEF of >35%.

The present study suggests that improvements in LVEF
and post-implantation BNP follow up may be useful for
stratifying patient groups according to the risk of VA
events. Large randomized controlled clinical trials are
required to confirm the results of this retrospective obser-
vational study.

Clinical Implications

High BNP levels should be noted even in patients
undergoing CRT with LVEF improvement after implan-
tation; even after CRT, they should be managed for HF
using MitraClip therapy? or uptitrating HF medicines30-32
and VA ablation. Furthermore, a CRT-pacemaker or
deactivation of the defibrillator could be considered if an
inappropriate shock occurs in patients with improved BNP
because shock worsens the prognosis and decreases the
quality of life.

Study Limitations
The present study had limitations. First, this was a retro-
spective observational study with a relatively small sample
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size. Second, only the presence or absence of the first VA
event at 6 months after CRT device implantation was
evaluated, and a detailed examination of multiple events
was not performed. Furthermore, the study did not inves-
tigate a time-course of changes in BNP and LVEF levels,
and we could not assess correlations between these param-
eters and VA events. Third, the small number of events did
not allow for multivariate analysis, which did not eliminate
confounding factors in the association between BNP and
VA in patients undergoing CRT with improved LVEF.
Additionally, the univariate analysis of this study has wide
CI, and caution should be exercised in interpreting the
results. Fourth, because the present study included a
cohort treated before the current optimal drug therapy for
chronic HF was indicated, there may be limitations with
respect to its applicability to current HF patients receiving
angiotensin receptor neprilysin inhibitor and sodium-glu-
cose cotransporter 2 inhibitors. Last, differences in the
underlying heart diseases significantly affected BNP levels.
As there was no significant difference, according to NYHA
classification, at CRT implantation between the high BNP
and low BNP groups, we believe that the difference did not
affect the results of this study.

Conclusions

Patients with improved LVEF had a lower risk of VA than
those without LVEF improvement, and the post-BNP level
after CRT device implantation is a useful marker for pre-
dicting VA in patients with improved LVEF after CRT
implantation. A high BNP level can stratify the risk of VA
among patients with an improved LVEF.

Acknowledgments

The authors thank Editage (www.editage.com) for English language
editing.

Sources of Funding

This work was supported by the JISPS KAKENHI (Grant numbers
22K 08092, 23K 15177, and 22K08092). None of the sponsors/hono-
raria were involved in the study design, collection, analysis, and
interpretation of data, the writing of the report, or the decision to
submit the article for publication.

Disclosures

N.U. received honoraria from Medtronic Japan Co., Ltd for provid-
ing lectures. K.I. has received honoraria for teaching lectures from
BIOTRONIK Japan and Medtronic Japan Co., Ltd. T.N. has
received honoraria for lectures from Medtronic Japan Co., Ltd and
BIOTRONIK Japan, Inc., and belongs to a department endowed by
BIOTRONIK Japan. S.N. is affiliated with a department endowed by
Japan Medtronic, Inc. K.K. has received honoraria from BIOTRONIK
Japan and Medtronic Japan, and research grants from Medtronic
Japan. However, none of the sponsors/honoraria were involved in the
study design, the collection, analysis, and interpretation of data, the
writing of the report, or the decision to submit the article for
publication. This study was supported by the Intramural Research
Program Fund (25-4-7; K.K.) for cardiovascular diseases of the
National Cerebral and Cardiovascular Center.

IRB Information

This retrospective study was approved by the Institutional Research
Board of the National Cerebral and Cardiovascular Center, Suita,
Japan (M26-150-13).

Data Availabhility

The deidentified participant data is not accessible.

10.

12.

13.

14.

15.

Circulation Reports Vol.6,

References

. Daniels LB, Maisel AS. Natriuretic peptides. J Am Coll Cardiol

2007; 50: 2357—2368, doi:10.1016/j.jacc.2007.09.021.

Scott PA, Barry J, Roberts PR, Morgan JM. Brain natriuretic
peptide for the prediction of sudden cardiac death and ventricu-
lar arrhythmias: A meta-analysis. Eur J Heart Fail 2009; 11:
958-966, doi:10.1093/eurjhf/hfp123.

Levine YC, Rosenberg MA, Mittleman M, Samuel M,
Methachittiphan N, Link M, et al. B-type natriuretic peptide is
a major predictor of ventricular tachyarrhythmias. Heart
Rhythm 2014; 11: 1109—1116, doi:10.1016/.hrthm.2014.04.024.

Medina A, Moss AJ, McNitt S, Zareba W, Wang PJ, Goldenberg
I. Brain natriuretic peptide and the risk of ventricular tachyar-
rhythmias in mildly symptomatic heart failure patients enrolled
in MADIT-CRT. Heart Rhythm 2016; 13: 852-859, doi:10.
1016/j.hrthm.2015.12.024.

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 arrhyth-
mias and clinical outcomes: Results from the Multicenter Automatic
Defibrillator Implantation Trial With Cardiac Resynchronization
Therapy (MADIT-CRT) trial. Circulation 2014; 130: 2278 2286,
doi:10.1161/CIRCULATIONAHA.114.011283.

Friedman DJ, Upadhyay GA, Rajabali A, Altman RK, Orencole
M, Parks KA, et al. Progressive ventricular dysfunction among
nonresponders to cardiac resynchronization therapy: Baseline
predictors and associated clinical outcomes. Heart Rhythm 2014;
11: 1991-1998, doi:10.1016/j.hrthm.2014.08.005.

Smer A, Saurav A, Azzouz MS, Salih M, Ayan M, Abuzaid A,
et al. Meta-analysis of risk of ventricular arrhythmias after
improvement in left ventricular ejection fraction during follow-
up in patients with primary prevention implantable cardioverter
defibrillators. Am J Cardiol 2017; 120: 279286, doi:10.1016/j.
amjcard.2017.04.020.

Nogami A, Kurita T, Abe H, Ando K, Ishikawa T, Imai K, et al.
JCS/JHRS 2019 guideline on non-pharmacotherapy of cardiac
arrhythmias. Circ J 2021; 85: 11041244, doi:10.1253/circ;.
CJ-20-0637.

American Diabetes Association. Diagnosis and classification of
diabetes mellitus. Diabetes Care 2011; 34(Suppl 1): S62—-S69,
doi:10.2337/dc11-S062.

Lamb EJ, Levey AS, Stevens PE. The Kidney Disease Improving
Global Outcomes (KDIGO) guideline update for chronic kidney
disease: Evolution not revolution. Clin Chem 2013; 59: 462465,
doi:10.1373/clinchem.2012.184259.

. Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS,

et al. Prophylactic implantation of a defibrillator in patients with
myocardial infarction and reduced ejection fraction. N Engl J
Med 2002; 346: 877883, doi:10.1056/NEJMoa013474.

Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau
R, et al. Amiodarone or an implantable cardioverter-defibrillator
for congestive heart failure. N Engl J Med 2005; 352: 225-237,
doi:10.1056/NEJMo0a043399.

Adabag S, Patton KK, Buxton AE, Rector TS, Ensrud KE, Vakil
K, et al. Association of implantable cardioverter defibrillators
with survival in patients with and without improved ejection
fraction: Secondary analysis of the sudden cardiac death in heart
failure trial. JAMA Cardiol 2017; 2: 767774, doi:10.1001/
jamacardio.2017.1413.

Zhang Y, Guallar E, Blasco-Colmenares E, Butcher B, Norgard
S, Nauffal V, et al. Changes in follow-up left ventricular ejection
fraction associated with outcomes in primary prevention
implantable cardioverter-defibrillator and cardiac resynchroniza-
tion therapy device recipients. J Am Coll Cardiol 2015; 66:
524-531, doi:10.1016/j.jacc.2015.05.057.

Varma N, Lappe J, He J, Niebauer M, Tchou P. Sex-specific
response to cardiac resynchronization therapy: Effect of left ven-
tricular size and QRS duration in left bundle branch block.
JACC Clin Electrophysiol 2017; 3: 844-853, doi:10.1016/j.
jacep.2017.02.021.

. Linde C, Cleland JGF, Gold MR, Claude Daubert J, Tang ASL,

Young JB, et al. The interaction of sex, height, and QRS furation
on the effects of cardiac resynchronization therapy on morbidity
and mortality: An individual-patient data meta-analysis. Eur J
Heart Fail 2018; 20: 780791, doi:10.1002/ejhf.1133.

. Eickholt C, Siekiera M, Kirmanoglou K, Rodenbeck A, Heussen

N, Schauerte P, et al. Improvement of left ventricular function
under cardiac resynchronization therapy goes along with a
reduced incidence of ventricular arrhythmia. PLoS One 2012; 7:

October 2024



414

KAMOSHIDA ] et al.

18.

19.

20.

21.

22.

23.
24.

25.

€48926, doi:10.1371/journal.pone.0048926.

Van Boven N, Bogaard K, Ruiter J, Kimman G, Theuns D,
Kardys I, et al. Functional response to cardiac resynchronization
therapy is associated with improved clinical outcome and
absence of appropriate shocks. J Cardiovasc Electrophysiol 2013;
24: 316322, doi:10.1111/jce.12037.

Poole JE, Johnson GW, Hellkamp AS, Anderson J, Callans DJ,
Raitt MH, et al. Prognostic importance of defibrillator shocks in
patients with heart failure. N Engl J Med 2008; 359: 1009-1017,
doi:10.1056/NEJMo0a071098.

Verma A, Kilicaslan F, Martin DO, Minor S, Starling R,
Marrouche NF, et al. Preimplantation B-type natriuretic peptide
concentration is an independent predictor of future appropriate
implantable defibrillator therapies. Heart 2006; 92: 190—195,
doi:10.1136/hrt.2004.058198.

Hansen DE, Craig CS, Hondeghem LM. Stretch-induced
arrhythmias in the isolated canine ventricle. Evidence for the
importance of mechanoelectrical feedback. Circulation 1990; 81:
1094-1105, doi:10.1161/01.cir.81.3.1094.

Zhu WX, Johnson SB, Brandt R, Burnett J, Packer DL. Impact
of volume loading and load reduction on ventricular refractori-
ness and conduction properties in canine congestive heart failure.
J Am Coll Cardiol 1997; 30: 825-833, doi:10.1016/s0735-
1097(97)00203-9.

Tse G. Mechanisms of cardiac arrhythmias. J Arrhiythm 2016; 32:
75-81, doi:10.1016/j.joa.2015.11.003.

Tse G, Wong ST, Tse V, Lee YT, Lin HY, Yeo JM. Cardiac
dynamics: Alternans and arrhythmogenesis. J Arrhythm 2016;
32:411-417, doi:10.1016/j.j0a.2016.02.009.

Tang AS, Wells GA, Talajic M, Arnold MO, Sheldon R, Connolly
S, et al. Cardiac-resynchronization therapy for mild-to-moderate
heart failure. N Engl J Med 2010; 363: 2385-2395, doi:10.1056/
NEJMo0al009540.

26.

27.

28.

29.

30.

31.

32.

Saini A, Kannabhiran M, Reddy P, Gopinathannair R, Olshansky
B, Dominic P. Cardiac resynchronization therapy may be antiar-
rhythmic particularly in responders: A systematic review and
meta-analysis. JACC Clin Electrophysiol 2016; 2: 307-316,
doi:10.1016/j.jacep.2015.10.007.

Sapp JL, Parkash R, Wells GA, Yetisir E, Gardner MJ, Healey
JS, et al. Cardiac resynchronization therapy reduces ventricular
arrhythmias in primary but not secondary prophylactic implant-
able cardioverter defibrillator patients: Insight from the resyn-
chronization in ambulatory heart failure trial. Circ Arrhythm
Electrophysiol 2017;10: €004875, doi:10.1161/CIRCEP.116.004875.
Brenyo A, Barsheshet A, Rao M, Huang DT, Zareba W, McNitt S,
et al. Brain natriuretic peptide and cardiac resynchronization ther-
apy in patients with mildly symptomatic heart failure. Circ Heart
Fail 2013; 6: 9981004, doi:10.1161/CIRCHEARTFAILURE.
112.000174.

Kosmidou I, Lindenfeld J, Abraham WT, Kar S, Lim DS,
Mishell JM, et al. Transcatheter mitral valve repair in patients
with and without cardiac resynchronization therapy: The
COAPT Trial. Circ Heart Fail 2020; 13: €007293, doi:10.1161/
CIRCHEARTFAILURE.120.007293.

Chun KH, Oh J, Yu HT, Lee CJ, Kim TH, Uhm JS, et al. The
role of sacubitril/valsartan in the management of cardiac resyn-
chronization therapy non-responders: A retrospective analysis.
ESC Heart Fail 2020; 7: 4404—4407, doi:10.1002/ehf2.12988.
Jorsal A, Pryds K, McMurray JJV, Wiggers H, Sommer A,
Nielsen JC, et al. Optimizing heart failure treatment following
cardiac resynchronization therapy. Clin Res Cardiol 2020; 109:
638645, doi:10.1007/s00392-019-01553-4.

Huang HT, Huang JL, Lin PL, Lee YH, Hsu CY, Chung FP, et
al. Clinical impacts of sacubitril/valsartan on patients eligible for
cardiac resynchronization therapy. ESC Heart Fail 2022; 9:
3825-3835, doi:10.1002/ehf2.14107.

Circulation Reports Vol.6, October 2024



