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Figure legends

Fig. 1. Classic methods for the screening steps of wide variety of DCM/HCM in nuclear

and mitochondrial genomes.

Fig. 2. (A) Maximum likelihood estimate of tRNA™ in vertebrate phylogeny, focusing
primates. Red, green and blue colored-nucleotides indicate a modifier gene of current
HDCM or DCM, several neurodegenerative disease and modulator gene of LHON
(Leber's hereditary optic neuropathy), respectively.  (B) Maximum likelihood
estimate of mtDNA in vertebrate phylogeny (Cited from, Broughton et al., Genome Res.

2001, Ref. 40).

Fig. 3. Less agreement of commercially available microarray, comparing between NIH
SNP/SNYV data and our own Database of MYH7 gene. Note the very rare overlap
among these databases and the detection rate between the two databases was 0.6% with

Affymetrix, 900k-Microarray.

Fig. 3. Human mtDNA Migrations (Cited from MITOMAP: A Human Mitochondrial
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Genome Database. http://www.mitomap.org, 2009).

Fig. 4. (A) Conservation of the wild-type sequence in non-human primates, suggesting

the biological significance of the DNA sequence.

Table 1. Homology of mt-DNA sequence (8551-9300) to NUMT (Mitochondrial

DNA-like sequences in the nucleus) of human genome.
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- ABSTRACT

Backgrounds: Cheyne-Stokes respiration (CSR) is often associated in patients with
heart failure (HF). Although adaptive servo ventilation (ASV) is effective for CSR, it
remains still unclear whether ASV improves cardiac function and prognosis of patients
with HF and CSR. Methods: Sixty patients with HF and CSR (mean left ventricular
ejection fraction 38.7%, mean apnea hypopnea index 36.8 times/hr, mean central apnea
index 19.1 times/hr) were enrolled in this study. Patients were divided into two
groups: 23 patients treated with ASV (ASV group) and 37 patients treated without ASV
(Non-ASV group). Measurement of plasma B-type natriuretic peptide (BNP) levels
and echocardiography were performed before, 3 and 6 months after treatments in each
group.  Patients were followed up for cardiac events (cardiac death and
re-hospitalization) after discharge. Results: In ASV group, NYHA functional class,
BNP levels, cardiac systolic and diastolic function were significantly improved with
ASV ftreatment for 6 months. In contrast, any of these parameters did not change in
Non-ASV group. Importantly, Kaplan-Meier analysis clearly demonstrated that event
free rate was significantly higher in ASV group than in Non-ASV group.
Conclusions: Adaptive servo ventilation improves cardiac function and prognosis in

heart failure patients with Cheyne-Stokes respiration.
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INTRODUCTION

Heart failure (HF) is a prevalent syndrome with poor prognosis, especially the
major cause of death in the elderly. Identification of factors that contribute to
increased mortality might lead to the development of a new strategy to improve survival
of HF.'"? It has been reported that about 50% of HF patients have sleep apnea
syndrome (SAS), which consists of obstructive sleep apnea (OSA) and Cheyne-Stokes
respiration (CSR) with central sleep apnea (CSA). OSA is thought to be caused by
upper airway obstruction during sleep, while the instability of respiratory control is the
major cause of CSR-CSA.* SAS, either OSA or CSR-CSA, results in multiple
pathological consequences such as an imbalance in myocardial oxygen delivery/
consumption, activation of sympathetic nervous system and other neurohurmoral factors,

and increased right and left ventricular afterload.*® Adaptive servo ventilation (ASV)
is a ventilator support system specifically designed to normalize ventilation in patients
with CSA.* ASV has an automatic airway tracing feedback function, and several
advantages of ASV has been reported over continuous positive airway pressure (CPAP),
Bi-level PAP, and 0,.”® ASV can regulate the airway ventilation volume upon
demand based on the variable tidal volume throughout the period of CSR. In addition,
ASYV automatically provides positive pressure ventilation during apnea, when necessary.

Treating SAS may improve cardiac function in patients with HF. It has been
reported that CPAP suppresses the abnormal breathing pattern, attenuates sympathetic
activity,” and improves cardiac function defined as left ventricular ejection fraction
(LVEF) in HF patients with either OSA or CSR-CSA.® However, it still remains
controversial whether CPAP can be an alternative therapeutic option in HF patients with

SAS. A large-scale randomized clinical trial, the Canadian Continuous Positive
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Airway Pressure for Patients with Central Sleep Apnea and Heart Failure (CANPAP),
has showed that CPAP does not improve a long-term transplant-free survival of HF
patients with CSR-CSA.* '"'"> In CANPAP subanalysis, improvement of CSR is
important for cardiac function and prognosis in HF patients.'> It is well recognized
that compliance with CPAP is one of problems in treating SAS, particularly in HF
patients. Therefore, other treatment options with better compliance such as ASV that
can suppress SAS more effectively are needed to resolve whether SAS should be treated
in HF patients. Although there are a few reports about effects of ASV on cardiac

function, !¢

it has not been rigorously examined whether ASV can improve the
long-term prognosis in HF patients with CSR-CSA.
Therefore, the aim of this study was to examine whether ASV improves

cardiac function and prognosis in HF patients with CSR-CSA during sleep.

METHODS
Subjects and study protocol

In the present study, 176 patients with HF were recruited (Figure 1). After
receiving standard pharmacotherapy for HF, polysomnography was performed.
Written informed consent was obtained from all study subjects. The study protocol
was approved by the ethical committee of the Fukushima Medical University. The
inclusion criteria were (1) the presence of symptomatic HF, which was defined as an
New York Heart Association (NYHA) class II or greater, (2) standard pharmacotherapy
(including angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, 3
blockers and diuretics) based on a guideline, (3) stable clinical status, which was

defined as receiving optimal medical therapy and without worsening of HF at least 3
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month in prior to study enrollment, and (4) Fliagnosed as having moderate-severe
CSR-CSA, which was defined as apnea-hypopnea index (AHI) > 15. The exclusion
criteria were (1) age < 20 or > 80 years, (2) severe valvular heart disease, (3)
resynchronization therapy within 6 months in prior to study enrollment, (4) the presence
of severe chronic pulmonary disease, (5) on dialysis, and (6) history of stroke with
neurological deficit.*

We screened polysomnography for consecutive 176 HF patients (NYHA II or
greater) between April 2007 and December 2009. Polysomnography revealed the
presence of CSR-CSA in 70 patients. Out of 70 patients, 10 patients were excluded,
and 60 patients, who met the inclusion criteria, were finally enrolled in this study
(Figure 1). While 37 patients once agreed to use ASV, 23 patients did not. However,
after ASV try, 13 of 37 patients declined continuous therapy with ASV because of the
following reasons: economic reason (n=7), mask intolerance (n=6), subjective
intolerance to positive airway pressure (n=3), and no specific reason (n=2). Therefore,
24 of 37 patients finally hoped to use ASV continuously. After 1 month follow-up,
one patient stopped ASV use due to mask problem and intolerance to positive airway
pressure. Consequently, the patients were divided into 2 groups: 23 patients treated
with ASV more than a half year (ASV group) and 37 patients without ASV (Non-ASV
group) as demonstrated in Figure 1.

Plasma B-type natriuretic peptide (BNP) levels and echocardiographic
parameters were determined before, 3 and 6 months after treatments in each group.
Patients were followed up for cardiac events including cardiac death and

re-hospitalization due to worsening heart failure after discharge.
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Polysomnography

All subjects underwent overnight polysomnography with the use of standard
techniques and scoring criteria for sleep stages and arousals from sleep.'”'®
Overnight complete polysomnography was performed using a computerized system
(Alice5, Philips Respironics, Murrysville, PA, USA) that consisted of monitoring of the
electro-encephalogram, electro-oculogram, submental electromyogram,
electrocardiogram, thoracoabdominal motion, oronasal airflow by an airflow pressure
transducer, and arterial oxyhemoglobin saturation (SpO;) by pulse oximetry.* '’
Sleep disordered breathing specialists analyzed the data.  Apnea was defined as an
absence of inspiration without ribcage and abdominal motion for more than 10 s.
Hypopnea was defined as a > 30% reduction in monitored airflow accompanied by a
decrease in Sa0, of > 4%.* ' Arousal responses were defined according to the
recommendations of the American Sleep Disorders Association. The AHI was defined
as the number of apnea and hypopnea episodes per hour of sleep. A central apnea was
defined as the absence of oronasal airflow for > 10 s associated with an absent
inspiratory effort. CSR event was considered when polysomnography revealed a
waxing and waning pattern of ventilation with an arousal at peak ventilation, followed
by a period of apnea with absence of respiratory effort.* '  Finally, CSR-CSA was
defined as apnea-hypopnea index was over 15 times/h, and a ratio of CSR-CSA to total
apnea events was over 50%. The major polysomnographic parameters investigated
were AHI, central apnea index (CAI), obstructive apnea index (OAI), minimal pulse
oxygen saturation (MinSpO,), 3% oxidative desaturation index (3%ODI), mean pulse

oxygen saturation (Mean SpO,), arousal index, total sleep time (TST), stage I + II/TST

(%), stage III + IV/TST (%), and rapid eye movement (REM) sleep/TST (%), %time <
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SpO, 90%/TST (CT90), and %time < SpO, 95%/TST (CT95) as previously reported.”

17-19

Echocardiography

Echocadiography was performed using the standard techniques. Two
dimensional echocardiographic images were acquired from the parasternal long and
short axis, apical long axis, and apical four chamber views by an echocardiographer
who was blind to the patients’ clinical data. Echocardiographic parameters
investigated were left ventricular mass index (LVMI), left atrial volume index (LAVI),
left ventricular end-diastolic volume index (LVEDVI), left ventricular end-systolic
volume index (LVESVI), left ventricular ejection fraction (LVEF), estimated right
ventricular systolic pressure (RVPS), and E/E’. The severity of mitral regurgitation
(MR) was graded using a 5-point scoring system as follows: 0 =none, 1 = trivial, 2 =
mild, 3 = moderate and 4 = severe. The LVEDVI, LVESVI, LVEF and LAVI were
calculated using a modification of Simpson’s method. E/E’ was calculated by
transmitral Doppler flow and tissue Doppler imaging. All recordings were performed

on ultrasound systems {Acuson Sequoia, Siemens, Erlangen, Germany).
Measurement of plasma B-type natriuretic peptide (BNP) Level
The plasma BNP level was measured using a specific immunoradiometric

assay (Shionoria BNP kit, Shionogi, Osaka, Japan).

Adaptive servo ventilation
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We used two types of ASV (HEART PAP or BiPAP autoSV, Philips
Repironics, Murrysville, PA, USA). Then, patients underwent a titration of the device
during overnight attended by polysomnography. At the time of titration, we set
expiratory positive airway pressure (EPAP) to disappear OSA, and next set pressure

support (PS) and inspiratory positive airway pressure (IPAP) to disappear CSR*

Statistical Analysis

Data are presented as mean + SD, unless otherwise stated for continuous
variables. Unpaired t test was used for normally distributed data, and Mann;Whitney
U test was used for non-normally distributed data. A value of P < 0.05 was considered
significant for all comparisons. Event free rate was analyzed by the Kaplan-Meier
method, and comparisons were done by the log-rank test.  All analyses were performed
using a stastical software package (StatView version 5.0, SAS Institute Inc, Abacus

Concepts, Berkeley, CA, USA).

RESULTS
Clinical charactaristics of study subjects
Clinical characteristics of ASV and Non-ASV groups are shown in Table 1.
There were no differences in baseline clinical data between ASV and Non-ASV groups.
Baseline data of echocardiography and spirogram are shown in Table 2.
Mean LVEF was 38.7%. There were no significant differences in all parameters.
Results of polysomnographic recordings at the time of diagnosis and ASV

initiation are shown in Table 3. AHI and 3% ODI were higher, and lowest SpO; and
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mean SpO, were lower in ASV group than in Non-ASV group. These data suggest

that ASV group tended to have more severe CSR-CSA than Non-ASV group.

Effects of adaptive servo ventilation on polysomnographic data

We set ASV by attend manual titration as shown in Table 4. We set EPAP
to disappear OSA, and next set PS and IPAP to disappear CSR. Finally, mean EPAP
was 6.0 mmHg, mean minimum IPAP was 6.6 mmHg, and mean max IPAP was 12.5
mmHg in the present study. All patients were successfully titrated on ASV.

Table 5 shows polysomonograpgic data at baseline and on ASV in ASV
group. ASV improved polysomnographic findings such as AHI, CAl, arousal index,
3%0DI, Lowest SPO,, Mean SPO,, CT90, CT95, and sleep efficacy. A half year later,
compliance and efficacy data were downloaded from the device, and the data are
summarized in Table 4. The recorded average AHI was 2.3 + 0.5 times/h,
device %usage of days was mean 79.7% of days, mean usage time was 377.6 min/day,

and 4h > usage was 53.6%.

Effects of adaptive servo ventilation on cardiac function

Mean NYHA functional class improved from 2.5 to 1.6 in ASV group as
shown in Table 6. In ASV group, there was a significant reduction of plasma BNP
concentration after 6 months. In addition, day time PaCO, level was significantly
increased after 6 months of ASV treatment. In contrast, NYHA functional class, BNP
and PaCO; did not change in Non-ASV group.

Time courses of cardiac function determined by echocardiography are shown

in Table 7. In ASV group, LVEDVI, LVESVI, LVEF, LVMI, LAVI, RVPs, E/e’, and
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MR score were significantly improved with ASV treatment for 6 months. In contrast,

any of these parameters did not change in Non-ASV group.

Comparison of event free rate between ASV and Non-ASV groups

During follow-up period (mean 355 days, range 185-1040), there were 17
cardiac events including 5 cardiac deaths and 12 re-hospitalizations from worsening
heart failure. In ASV group (n=23), one patient died because of ventricular fibrillation
and one patient re-hospitalized for worsening heart failure. In Non-ASV group (n=37),
4 patients died because of ventricular fibrillation (n = 1) and progression of heart failure
(n = 3), and 11 patients re-hospitalized. As shown in Figure 2, Kaplan-Meier analysis
clearly demonstrated that event free rate was significantly higher in ASV group than in

Non-ASV group (P<0.01).

DISCUSSION

In this study, ASV treatment for 6 months during sleep improved not only
CSR-CSA but also functional status of heart failure and cardiac function.
Echocardiography clearly showed that ASV improved cardiac systolic and diastolic
function accompanied by the reduction of left ventricular volume and functional MR.
Furthermore, event free rate in ASV group was significantly higher than in Non-ASV
group. This is the first report, to our knowledge, demonstrating that ASV improved

event free survival rate in HF patients with CSR-CSA.

Effects of heart failure treatment on Cheyne-Stokes respiration
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Effective therapies for HF including optimal pharmacotherapy and cardiac
resynchronization therapy (CRT) improve the severity of CSR-CSA,**? but effects of

such therapies for HF are not sufficient enough for CSR-CSA. 2%

In the present study,
12 patients at least 12 months after CRT implantation are included, and CSR-CSA and
depressed cardiac function still remained in spite of standard pharmacotherapy and CRT

in those patients.

Effects of treatment for Cheyne-Stokes respiration on heart failure
Whether treatment of CSR-CSA contributes to improvement in cardiac

20-22

function and prognosis in HF patients is still uncertain. Several studies have

reported improvement in cardiac function by positive airway pressure ventilation

treatment.® 72628

Recently, a randomized controlled prospective study in treating HF
and CSR has shown that ASV improves AHI and compliance (average usage time)
more effectively than CPAP."”®> They have also reported that LVEF improves (average
+9%) by ASV, but not by CPAP. In the present study, we clearly showed that ASV
improved cardiac systolic and diastolic function accompanied by the reduction of left
ventricular volume. However, it remains still unknown whether ASV improves
prognosis of patients with HF and CSR-CSA. In the present study, we demonstrated

that ASV improved event free rate in patients with HF and CSR-CSA, although ASV

group included more severe CSR-CSA than Non-ASYV group.
Possible mechanisms for improvement in heart failure by ASV

Several possible mechanisms of ASV to improve HF with CSR have been

considered as follows: (1) reduce the upper airway obstruction, (2) increase
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