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Abstract
Sleep-disordered breathing (SDB) is associated with an increased risk of adverse events in patients with heart failure (HF); 
however, its impact in patients implanted with a left ventricular assist device (LVAD) remains unclear. We aimed to investi-
gate the prevalence of SDB in patients with LVAD and its impact on their clinical outcomes. Fifty consecutive patients with 
LVAD who underwent portable sleep monitoring between September 2017 and April 2018 were prospectively enrolled, and 
they were followed up for 170 ± 36 days. According to their respiratory disturbance indexes (RDIs), they were categorized 
into the SDB group (RDI ≥ 15, n = 12) and the non-SDB group (RDI < 15, n = 38). The incidence of adverse events during 
the follow-up period was investigated after enrollment. Multivariate logistic regression analysis revealed significant differ-
ences in SDB in LVAD-implanted patients in terms of the logarithmic transformation brain natriuretic peptide (BNP) values 
(p = 0.005). The optimal BNP cut-off value for SDB prediction in LVAD-implanted patients was 300 pg/mL (sensitivity: 
58.3%, specificity: 94.7%). During follow-up, ventricular tachyarrhythmias (VTas) occurred significantly more frequently 
in the SDB group (4 [33%] vs. 2 [5%] patients, p = 0.02); Atrial tachyarrhythmia (ATa) also tended to occur more frequently 
in the SDB group (2 [25%] vs. 2 [2%] patients, p = 0.07). SBD was prevalent in 24% of the LVAD-implanted patients with 
advanced HF. Furthermore, SDB was significantly associated with high BNP levels and was also potentially associated with 
subsequent incidence of VTa in patients with LVAD.
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Introduction

Sleep-disordered breathing (SDB) is one of the most com-
mon comorbidities in patients with heart failure (HF), with 
a reported prevalence of 40–76%. Further, it is known that 
the prevalence of SDB increases with increasing severity of 
HF [1]. Physiologically, SDB increases sympathetic nerve 
activity and intrathoracic pressure, both of which can nega-
tively affect the cardiovascular performance. Moreover, 
complications of SDB include systemic inflammation and 
an increase in the release of vasoactive mediators, such as 
endothelin and angiotensin II, resulting in endothelial dys-
function [2, 3]. Thus, SDB complications accelerate the 
exacerbation of HF and increase the morbidity and mor-
tality rates in patients with HF [4]. However, the preva-
lence of SDB decreases with standard pharmacological and 
non-pharmacological therapies for HF, including diuretics, 
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angiotensin-converting-enzyme inhibitors, beta-blockers, 
and cardiac resynchronization therapy [5–7]. Therefore, 
SDB is strongly associated with the pathophysiology of HF, 
and both SDB and HF interact with each other from various 
perspectives.

Continuous-flow left ventricular assist device (LVAD) has 
become a mainstay of treatment for patients with advanced 
HF. LVAD draws blood from the diseased left ventricle 
(LV) and pumps it into the aorta, restoring circulation and 
markedly improving both the prognosis and quality of life 
of patients with HF. However, the prevalence and clini-
cal impact of SDB in patients with LVAD remain unclear. 
Therefore, the present study aimed to investigate the preva-
lence of SDB in patients with LVAD and its impact on clini-
cal outcomes.

Methods

Study design and patient selection

This single-center, prospective, cross-sectional, observa-
tional study was approved by the Institutional Review Com-
mittee (IRB) of the National Cerebral and Cardiovascular 
Center (IRB number: M30-020) and was conducted accord-
ing to the tenets of the 1975 Helsinki Declaration and its 
later amendments. Written informed consent was obtained 
from all patients.

The subjects were consecutive patients with advanced HF 
supported with HeartMate II (HMII; Abbott, Lake Bluff, IL, 
USA) and who underwent portable sleep monitoring (PSM) 
between September 2017 and April 2018. Stable and ambu-
latory patients with HMII, who were hospitalized for sched-
uled annual medical check-ups, including echocardiogram 
and hemodynamics, were indicated for PSM. Patients who 
had clinical signs for worsening HF on LVAD support, such 
as deterioration of dyspnea, edema, and end-organ function, 
were not enrolled for this study. PSM was performed at vari-
ous time points during the chronic phase when the patients 
were hospitalized for scheduled medical check-ups.

Sleep study

SDB was examined using the PSM device Apnomonitor 
Type 4 (Fukuda Denshi Pulsleep LS 120, Tokyo, Japan). 
Variables included the nasal flow and percutaneous oxygen 
saturation. Apnea was defined as > 10 s of complete shut-
down of the airflow with a 3% decrease in the oxygen satu-
ration. Hypopnea was defined as a decrease of at least 50% 
in the nasal flow for > 10 s with a 3% decrease in the oxygen 
saturation. Respiratory disturbance index (RDI) was defined 
as the average number of apnea or hypopnea episodes per 
hour during the examination.

The patients were divided into two groups according to 
the RDI value as the SDB group (RDI ≥ 15) and the non-
SDB group (RDI < 15) [8].

Variables evaluated

Demographic data were collected from the medical records. 
Results of the preoperative SDB examination were also col-
lected if available. Previous large trials have indicated that 
the equivalent dose of bisoprolol is one-fifth of that of carve-
dilol [9]. Laboratory tests were performed at the time of 
study enrollment.

Echocardiography and right heart catheterization (RHC) 
were performed to assess the hemodynamics at the time of 
enrollment. Echocardiography was performed by ultrasound 
imaging technologists and reviewed by attending cardiolo-
gists blinded to this study. Left ventricular end-diastolic 
diameter, left ventricular end-systolic diameter, left ventricu-
lar ejection fraction, and left atrial diameter were measured 
using standard methods [10]. The jugular vein approach was 
used for RHC. Hemodynamic measurements included pul-
monary capillary wedge pressure (PCWP), pulmonary artery 
pressure (PAP), and right atrial pressure. The cardiac out-
put (CO) and cardiac index were calculated using the Fick 
method. Pulmonary vascular resistance (PVR) was calcu-
lated as follows: PVR (Wood units) = (mean PAP − PCWP)/
CO [11].

Clinical outcomes

Patients were prospectively followed for 180 days from the 
day of PSM. Follow-up was censored at death or heart trans-
plantation. Adverse events were defined based on the defini-
tions stipulated by the interagency registry for mechanically 
assisted circulatory support [12].

Briefly, atrial tachyarrhythmias (ATas), including atrial 
tachycardia, atrial fibrillation (AF), and atrial flutter, were 
defined as events that required hospitalization for treatment 
with pharmacotherapy, defibrillation, or arrhythmia ablation 
procedure.

Ventricular tachyarrhythmias (VTas), including sustained 
ventricular tachycardia (VT) and ventricular fibrillation, 
were defined as events that required hospitalization for treat-
ment with pharmacotherapy, defibrillation, or arrhythmia 
ablation procedure.

Cerebrovascular accident (CVA) was defined as any new 
neurological event, including a transient ischemic attack or 
any transient and persistent, local and systemic ischemic, 
or hemorrhagic cardiovascular and cerebrovascular events. 
Standard neurological function assessments were performed 
either by certified neurologists or internal medicine physi-
cians using appropriate diagnostic tests and confirmed using 
the patient records.
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Hemolysis was defined as a serum lactate dehydrogenase 
level higher than two and one-half times the upper limits 
of the normal range at our center (572.5 IU/L), with any 
condition, including anemia, hyperbilirubinemia (total bili-
rubinemia above 2 mg/dL, with predominately indirect com-
ponent), hemoglobinuria, pump malfunction, or abnormal 
pump parameters, 72 h after LVAD implantation.

Bleeding was defined as events, such as hemorrhagic 
death or requiring re-operation, hospitalization, or red blood 
cell transfusion, 7 days after LVAD implantation.

Driveline infection was defined as a percutaneous site or 
pocket infection with a positive pathogen culture, requiring 
antibiotic treatments, including clinical evidence of infec-
tion, such as pain, fever, drainage, or leukocytosis.

Statistical analysis

Continuous variables were expressed as means ± standard 
deviation or as medians (interquartile range), as appropri-
ate. Categorical variables were expressed as counts and 
frequencies. Between-group comparisons were performed 
using an unpaired t test for normally distributed data or the 
Mann–Whitney U test for non-normally distributed data. 
The Chi-square test and the Fisher exact test were performed 
for categorical variables.

Univariate and multivariable logistic regression models 
were used to identify independent predictors of the presence 
of SDB. Significant variables in the univariate analysis (i.e., 
those with a p < 0.05) were included in the multivariable 
analysis; because brain natriuretic peptide (BNP) concen-
trations were markedly skewed, we assessed the logarith-
mic transformation (log10) of BNP concentration. Receiver 
operating characteristic (ROC) curves and areas under the 
curve (AUC) were used to determine the cut-off values of 
the potential predictive factors for the presence of SDB in 
patients with LVAD. The sensitivity, specificity, positive 
predictive value, and negative predictive values were also 
calculated.

Kaplan–Meier analysis and the log-rank test were per-
formed to evaluate the event-free survival. All p-values were 
two-sided, and p < 0.05 was considered statistically signifi-
cant. All statistical analyses were performed using the JMP 
14 Statistics Software Package (SAS Institute Inc., Cary, 
North Carolina, NC, USA).

Results

Baseline characteristics

Of the 87 patients who underwent HMII implantation 
during the study period, 50 patients who underwent PSM 
were included in this study. During the follow-up period, 2 

patients underwent heart transplantation, and 1 patient was 
transferred to another hospital; thus, the mean follow-up 
period was 170 ± 36 days.

Of the 50 HMII patients who underwent PSM, 12 patients 
(24%) experienced SDB. No significant between-group dif-
ferences were noted with respect to the period from LVAD 
implantation to study enrollment (355 [155–555] vs. 428 
[280–577] days, p = 0.60). Table 1 shows the patients’ base-
line demographic data according to the SDB groups. The 
SDB group was older than the non-SDB group (mean age: 
53 ± 4 years vs. 42 ± 2 years, p = 0.02), and they had a higher 
incidence of dyslipidemia before LVAD implantation.

Table 2 shows the patients’ baseline clinical data accord-
ing to the SDB groups. The values of BNP (324 [132–627] 
vs. 88 [51–185] pg/mL, p = 0.009) and creatinine (Cr) (1.0 
[0.7–1.4] vs. 0.8 [0.7–0.9] mg/dL, p < 0.05) were signifi-
cantly higher in the SDB group. Echocardiographic and 
hemodynamic parameters were comparable between the 
groups. Fourteen patients underwent SDB examination pre-
operatively; changes in RDI values before and after LVAD 
implantation and occurrence of adverse events during the 
follow-up period in this cohort of 14 patients are shown in 
supplementary Table 1.

Predictors of SDB

Univariate and multivariable logistic regression analyses 
were conducted to identify factors associated with the pres-
ence of SDB (Table 3). The results showed that log10 BNP 
(odds ratio 0.24, 95% confidence interval [CI] 0.07–0.8, 
p = 0.005) was associated with the presence of SDB. ROC 
curve analysis revealed 300 pg/mL as the optimal cut-off 
value of BNP for predicting SDB following LVAD implanta-
tion, with a sensitivity of 58.3% and a specificity of 94.7%. 
The AUC was 0.82 (Fig. 1).

Clinical outcomes

During the follow-up period, VTa occurred more frequently 
in the SDB group than that in the non-SDB group (4 [33%] 
vs. 2 [5%] patients, p = 0.02, Table 4). No VTas were noted 
probably due to the malposition of the outflow cannula and 
left ventricular suction. Furthermore, ATa tended to occur 
more frequently in the SDB group (2 [25%] vs. 2 [2%] 
patients, p = 0.07), although the difference was not statisti-
cally significant (Table 4).

No significant between-group differences were noted with 
respect to the rates of CVA, hemolysis, bleeding, driveline 
infection, and death. Kaplan–Meier analysis demonstrated 
that the overall survival was comparable between the groups 
(100% vs. 97.1% at 180 days, p = 0.56), whereas the VTa-
free survival was significantly lower in the SDB group 
(66.7% vs 94.4% at 180 days, p = 0.009) (Fig. 2).
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Discussion

Primarily, we found that 24% of the patients with LVAD 
experienced SDB and that a high BNP level was an inde-
pendent predictor of SDB in patients with LVAD. Further, 
SDB in patients with LVAD was potentially associated with 
a higher incidence of subsequent VTa.

It has been previously reported that obstructive sleep 
apnea (OSA) and central sleep apnea (CSA) in patients with 
HF improved after LVAD implantation [13, 14]. However, 
in other reports, Cheyne–Stokes respiration (CSR) persisted 
even after LVAD implantation despite hemodynamic com-
pensation by the LVAD [15]. Furthermore, in other cases, 
persistent CSA after LVAD implantation led to underfilling 
of the LV and susceptibility to PI events owing to the rise 
in pulmonary vascular resistance followed by impaired pul-
monary venous return [16]. Despite these reports, evidence 
regarding the impact of SDB after LVAD implantation, 
including its prevalence, remains conflicting.

Although SDB was not assessed in all study subjects prior 
to LVAD implantation, the present study is the first to dem-
onstrate the prevalence of SDB in a large number of patients 
with LVAD. Among the 50 patients analyzed, 12 patients 

(24%) with advanced HF still experienced SDB, defined as 
an RDI ≥ 15, following LVAD implantation. Because the 
preoperative prevalence of SDB was only available in 14 
patients, our study did not correctly assess the prevalence of 
SDB before LVAD implantation, and the number of patients 
whose SDB improved postoperatively remains unclear. 
However, 24% of patients with LVAD developed SDB 
despite stable conditions with compensated hemodynamics 
after LVAD implantation, and our limited data regarding 
changes in RDI values before and after LVAD implantation 
from 14 study subjects imply that LVAD implantation may 
change the status of SDB in some patients.

Although the risk factors for SDB in patients with LVAD 
have not been clearly elucidated to date, some studies have 
investigated the clinical risk factors associated with SDB 
in patients with HF. Sin et al. reported that male sex, atrial 
fibrillation, age > 60 years, and hypocapnia were the risk 
factors for CSA. Body mass index was significantly associ-
ated with OSA in male patients, while age > 60 years was 
the only risk factor for OSA in female patients [17]. Another 
study investigating the risk factors for CSR in patients with 
HF reported that high BNP values and low partial pressure 
of carbon dioxide were independently associated with the 

Table 1   Baseline demographics 
and clinical examinations

SDB sleep-disorder breathing, LVAD left ventricular assist device, PSM portable sleep monitoring, BMI 
body mass index, BSA body surface area, HT hypertension, DL dyslipidemia, DM diabetes mellitus, ACE-
I angiotensin converting enzyme inhibitor, ARB angiotensin II receptor blocker, ICD implantable cardio-
verter defibrillator, CRTD cardiac resynchronization therapy with defibrillation, AF atrial fibrillation, VTa 
ventricular tachyarrhythmias, CVA cerebrovascular accident, RPM rotations per minute

Overall SDB group non-SDB group p value
n = 50 n = 12 n = 38

Time from LVAD implantation 
to PSM (days)

314 (69–626) 355 (155–555) 428 (280–577) 0.60

Age (years) 45 ± 13 53 ± 4 42 ± 2 0.02
Male sex (n [%]) 38 (76) 8 (67) 30 (79) 0.39
BMI (kg/m2) 21.2 ± 3.4 20.6 ± 0.9 20.6 ± 0.6 0.51
BSA (m2) 1.68 ± 0.19 1.63 ± 0.06 1.69 ± 0.03 0.32
Ischemic etiology (n [%]) 5 (10) 1 (8) 4 (11) 0.83
HT (n [%]) 5 (10) 2 (17) 3 (8) 0.38
DL (n [%]) 17 (34) 7 (58) 10 (26) 0.04
DM (n [%]) 9 (18) 3 (25) 6 (16) 0.47
Smoking (n [%]) 28 (56) 7 (58) 21 (55) 0.85
Amiodarone (n [%]) 6 (12) 2 (17) 4 (11) 0.57
Sotarol (n [%]) 5 (10) 2 (17) 3 (8) 0.38
ACE-I/ARB (n [%]) 41 (82) 8 (67) 33 (87) 0.07
Beta-blockers (n [%]) 48 (96) 12 (100) 36 (95) 0.42
Βeta-blocker dose (mg) 6 (3–10) 6.6 (3.8–9.6) 6.8 (5.2–8.4) 0.92
ICD/CRTD (n [%]) 26 (52) 7 (58) 19 (50) 0.61
History of ATa (n [%]) 18 (36) 7 (58) 11 (29) 0.06
History of VTa (n [%]) 20 (40) 4 (33) 16 (42) 0.59
History of CVA (n [%]) 5 (10) 0 (0) 5 (13) 0.19
LVAD pump speed (RPM) 8630 ± 340 8700 ± 100 8610 ± 60 0.43
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Table 2   Baseline clinical 
examination data

SDB sleep-disorder breathing, WBC white blood cell, Hb hemoglobin, Plt platelet, TP total protein, Alb 
albumin, T-Bil total bilirubin, AST aspartate aminotransferase, ALT alanine aminotransferase, LDH lactate 
dehydrogenase, Na sodium, K potassium, Cr creatinine, CRP C-reactive protein, BNP brain natriuretic pep-
tide, LVDd left ventricular end-diastolic diameter, LVDs left ventricular end-systolic diameter, LVEF left 
ventricular ejection fraction, LAD left atrium diameter, PCWP pulmonary capillary wedge pressure, PAP 
pulmonary artery pressure, RAP right atrial pressure, NIBP non-invasive blood pressure, HR heart rate, CO 
cardiac output, CI cardiac index, PVR pulmonary vascular resistance

Overall SDB group non-SDB group p value
n = 50 n = 12 n = 38

Blood examination
 WBC (/μL) 5590 ± 1470 5500 ± 1360 5620 ± 1530 0.81
 Hb (g/dL) 12.0 ± 2.0 12.1 ± 1.9 11.9 ± 2.1 0.80
 Plt (× 103/μL) 205 ± 65 192 ± 87 209 ± 57 0.43
 TP (g/dL) 6.9 ± 0.6 6.7 ± 0.4 7.0 ± 0.7 0.19
 Alb (g/dL) 4.0 ± 0.5 3.9 ± 0.4 4.1 ± 0.6 0.37
 T-Bil (mg/dL) 0.7 ± 0.3 0.8 ± 0.4 0.6 ± 0.3 0.09
 AST (U/L) 28 ± 11 29 ± 10 28 ± 11 0.67
 ALT (U/L) 22 ± 22 20 ± 15 22 ± 24 0.74
 LDH (U/L) 321 ± 108 357 ± 98 309 ± 110 0.18
 Na (mEq/L) 139 ± 3 140 ± 4 139 ± 3 0.30
 K (mEq/L) 4.1 ± 0.3 4.2 ± 0.4 4.1 ± 0.3 0.39
 Cr (mg/dL) 0.9 (0.8–1.0) 1.0 (0.7–1.4) 0.8 (0.7–0.9) < 0.05
 CRP (mg/dL) 0.5 ± 1.2 0.8 ± 2.1 0.4 ± 0.8 0.30
 BNP (pg/mL) 116 (54–210) 324 (132–627) 88 (51–185) 0.009

Echocardiographic and hemodynamic parameters
 LVDd (mm) 55 ± 12 56 ± 11 55 ± 12 0.83
 LVDs (mm) 49 ± 13 49 ± 12 49 ± 13 0.86
 LVEF (%) 21 ± 10 18 ± 6 22 ± 11 0.20
 LAD (mm) 32 ± 9 35 ± 8 30 ± 9 0.09
 Aortic valve opening (n [%]) 11 (22) 1 (2) 10 (20) 0.19
 PCWP (mmHg) 7 ± 4 8 ± 5 6 ± 4 0.29
 Mean PAP (mmHg) 14 ± 4 16 ± 5 14 ± 4 0.19
 RAP (mmHg) 6 ± 4 7 ± 4 5 ± 4 0.38
 Mean NIBP (mmHg) 75 ± 9 75 ± 9 75 ± 9 0.95
 HR (bpm) 74 ± 14 78 ± 17 72 ± 13 0.27
 CO (L/min) 4.6 ± 1.1 4.4 ± 1.2 4.7 ± 1.0 0.30
 CI (L/min/m2) 2.8 ± 0.6 2.7 ± 0.5 2.8 ± 0.6 0.46
 PVR (wood units) 1.8 ± 0.8 1.9 ± 0.8 1.7 ± 0.8 0.52

Table 3   Univariate and 
multivariable analysis for the 
predictors of SDB

SDB sleep-disorder breathing, CI confidential interval, BMI body mass index, ATa atrial tachyarrhythmias, 
VTa ventricular tachyarrhythmias, Cr creatinine, Log10 logarithmic transformation, BNP brain natriuretic 
peptide

Univariate analysis Multivariable analysis

Odds ratio 95% CI p value Odds ratio 95% CI p value

Age, per 1 year 0.93 0.88–0.99 0.01 0.98 0.91–1.10 0.64
Male 0.53 0.13–2.23 0.4
BMI, per 1 kg/m2 0.93 0.76–1.14 0.49
History of ATa 3.44 0.90–13.19 0.07
History of VTa 0.69 0.18–2.68 0.59
Cr, per 1 mg/dL 0.07 0.01–0.70 0.01 0.12 0.01–1.31 0.07
Log10BNP, per 1 0.21 0.07–0.59 < 0.001 0.24 0.07–0.80 0.005
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presence of CSR in patients with HF [18]. Similar to this 
previous report, despite comparable hemodynamic param-
eters in both groups, the current study demonstrated that 
BNP was independently associated with the presence of 
SDB (RDI ≥ 15) in patients with LVAD, and BNP ≥ 300 pg/
mL was determined as the optimal cut-off value to predict 
the presence of SDB in our cohort. The pathophysiological 
association between BNP and the presence of SDB were 
not well elucidated in our study. However, the high BNP 
values at the chronic stage after LVAD implantation might 
indicate the potential severity of the disease regardless of 
hemodynamics. We have previously reported that BNP 
values 60 days after implantation may act as a predictor 
of prognosis in patients with LVAD [19]. In this previous 

report, BNP ≥ 322 pg/mL was determined as the optimal 
cut-off value to predict prognosis, close to the current cal-
culated BNP cut-off value for predicting SDB in patients 
with LVAD.

Several clinical factors have been found to be risk factors 
for VTa in various clinical settings. Among them, SDB has 
been reported to be one of the risk factors for VTa in patients 
with HF [20]. Serizawa et al. reported that the presence of 
SDB was an independent predictor for appropriate implant-
able cardioverter defibrillator (ICD) therapy in HF patients 
with reduced ejection fraction [21]. In this study, ICD ther-
apy more frequently occurred from midnight to 6 PM, which 
might be a hotspot of SDB. Another study by Ryan et al. 
demonstrated that ventricular premature beats significantly 
reduced with continuous positive airway pressure therapy in 
HF patients with OSA [22]. These reports strongly suggest 
the close correlation between SDB and arrhythmic events in 
patients with HF. Physiologically, SDB accelerates myocar-
dial ischemia, cardiac remodeling through hypoxemia, and 
sympathetic hyperactivity, which may also cause an increase 
in automaticity, upregulation of action potential activities, 
and formation of reentrant circuits in the failing myocardium 
[23]. Furthermore, OSA-induced negative intrathoracic pres-
sure followed by myocardial dilation or stretch reportedly 
results in electrophysiological changes, such as stretch on 
action potential or early and delayed after-depolarization, 
which may facilitate ventricular arrhythmias [24, 25].

Several studies have investigated the risk factors for 
arrhythmic events in patients with LVAD. History of AF or 
VTa before LVAD implantation, presence of ischemic heart 
disease, and interruption of β-blockers have been reported to 
be the risk factors for VTa in patients with LVAD [26–28]. 
Malposition of the intraventricular inflow cannula could also 
represent a potential risk for VTa in patients with LVAD 
[29].

In the current study, no VTa caused by malposition of 
the inflow cannula and LV suction was noted, and all but 2 
patients received β-blocker treatments. Furthermore, 90% 
of our study subjects were preoperatively diagnosed with 
non-ischemic cardiomyopathy. Under these conditions, the 
findings of this study indicate that the presence of SDB 
might be associated with subsequent VTa, and SDB might 
be a novel therapeutic target for post-LVAD VTa in patients 
with LVAD.

Limitations

This study had some limitations. First, since our study did not 
assess SDB before LVAD implantation in our study subjects, 
how the prevalence of SDB changed after LVAD implanta-
tion, which is another clinical issue regarding SDB and LVAD 
therapy, remains unclear. However, since there have been no 

Fig. 1   Receiver operating characteristic curve plot shows that the 
optimal brain natriuretic peptide (BNP) cut-off value for predicting 
sleep-disorder breathing (SDB) in patients with left ventricular assist 
device (LVAD) is 300  pg/mL (sensitivity: 58.3% and specificity: 
94.7%). The area under the curve is 0.82

Table 4   Adverse events in patients with LVAD stratified by SDB

LVAD left ventricular assist device, SDB sleep-disorder breathing, 
ATa atrial tachyarrhythmias, VTa ventricular tachyarrhythmias, CVA 
cerebral vascular accident

SDB group non-SDB group p value
n = 12 n = 38

ATa (n [%]) 2 (25) 2 (3) 0.07
VTa (n [%]) 4 (33) 2 (5) 0.02
CVA (n [%]) 1 (8) 3 (8) 0.68
Hemolysis (n [%]) 1 (8) 1 (3) 0.43
Bleeding (n [%]) 2 (17) 4 (11) 0.57
Driveline infection (n [%]) 1 (8) 5 (13) 0.65
Death (n [%]) 0 (0) 1 (3) 0.57
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previous studies regarding SDB and LVAD therapy, our study 
has enough clinical impact on encouraging a clinical study of 
this field, and how the prevalence of SDB changed after LVAD 
implantation should be our future study. Second, this was a 
single-center, cross-sectional study with a small sample size. 
Therefore, only a small number of adverse events occurred in 
this study, and a completely adjusted multivariable analysis 
could not be performed. Moreover, no clinical intervention was 
performed to the SDB noted in this study. However, all study 
subjects were enrolled for this study at their chronic stable 
conditions with compensated hemodynamics, and the develop-
ment of major LVAD-related complications other than arrhyth-
mic events was similar between groups. Therefore, we believe 
that differences in the univariate analysis regarding arrhythmic 
events between groups have a certain clinical implication to 
advanced HF clinical practice.

Third, the generally accepted cut-off values of RDI asso-
ciated with adverse clinical outcomes have not been yet 
determined [30]. However, several previous studies suggest 
that patients with an RDI ≥ 15 in PSM or polysomnography 
(PSG) were defined as the SDP group [8]. Therefore, in this 
study, SDB was diagnosed as RDI ≥ 15 in PSM. Further-
more, since all patients could not undergo PSG, the underly-
ing mechanisms of the sleep disorder (such as CSA or OSA) 
in each patient were not fully determined.

Fourth, since patients with LVAD occasionally develop 
VTa asymptomatically, there are possibilities that not all 
VTa events were collected during the follow-up period.

Conclusion

SBD was prevalent in 24% of the patients with LVAD, and 
BNP values ≥ 300 pg/mL at the chronic stage after LVAD 
implantation were associated with the presence of SDB 

regardless of the hemodynamic parameters. Furthermore, 
SDB in patients with LVAD might be associated with the 
incidence of subsequent VTa. The results of this study 
clearly demonstrate that SDB complications in patients 
with LVAD have a negative impact on their clinical course, 
even under chronic stable conditions with compensated 
hemodynamics.
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