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Purpose. Adaptive servo-ventilation (ASV) therapy has been reported to be effective for
improving central sleep apnea (CSA) and chronic heart failure (CHF). The purpose of this
study was to clarify whether ASV is effective for CSA, cardiac sympathetic nerve activity
(CSNA), cardiac symptoms/function, and exercise capacity in CHF patients with CSA and
Cheyne-Stokes respiration (CSR-CSA).

Methods. In this study, 31 CHF patients with CSR-CSA and a left ventricular ejection
fraction (LVEF) £ 40% were randomized into an ASV group and a conservative therapy (non-
ASV) group for 6 month. Nuclear imagings with 123I-Metaiodobenzylguanidine (MIBG) and
99mTc-Sestamibi were performed. Exercise capacity using a specific activity scale (SAS) and the
New York Heart Association (NYHA) class were evaluated. CSNA was evaluated by 123I-MIBG
imaging, with the delayed heart/mediastinum activity ratio (H/M), delayed total defect score
(TDS), and washout rate (WR).

Results. The ASV group had significantly better (P < .05) results than the non-ASV group
with respect to the changes of AHI (220.8 ± 14.6 vs 20.5 ± 8.1), TDS (27.9 ± 4.3 vs 1.4 ± 6.0),
and H/M(0.16 ± 0.16 vs 20.04 ± 0.10) on 123I-MIBG imaging, as well as the changes of LVEF
(5.3 ± 3.9% vs 0.7 ± 32.6%), SAS (1.6 ± 1.4 vs 0.3 ± 0.7), and NYHA class (2.2 ± 0.4 vs
2.7 ± 0.5) after 6-month therapy.

Conclusions. Performing ASV for 6 months achieved improvement of CSR-CSA, CSNA,
cardiac symptoms/function, and exercise capacity in CHF patients with CSR-CSA. (J Nucl
Cardiol 2017;24:1926–37.)
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Abbreviations
ASV Adaptive servo-ventilation

CSA Central sleep apnea

CHF Chronic heart failure

CSNA Cardiac sympathetic nerve activity

LVEF Left ventricular ejection fraction

MIBG 123I-Metaiodobenzylguanidine

NYHA New York Heart Association

H/M Heart/mediastinum activity ratio

TDS Total defect score

WR Washout rate

See related editorial, pp. 1938–1940

INTRODUCTION

The prognosis of patients with chronic heart failure

(CHF) remains poor. Activation of the sympathetic

nervous system is one of the prominent cardiac patho-

physiologic abnormalities in patients with CHF.1

Cheyne-Stokes respiration and central sleep apnea

(CSR-CSA) occur in some patients with left ventricular

dysfunction and are indicators of a poor prognosis, being

associated with a higher mortality than in CHF patients

without CSR-CSA matched for age, sex, and ejection

fraction.2,3 CSR-CSA causes an increase of sympathetic

nerve activity that maintains afterload at a high level4

but elevation of afterload leads to further reduction of

the left ventricular ejection fraction (LVEF).
123I-Metaiodobenzylguanidine (MIBG) imaging has

been used to study cardiac sympathetic nerve activity.

Uptake of 123I-MIBG by the heart is altered in patients

with CHF compared to normal individuals.5,6 Because

cardiac uptake of 123I-MIBG is correlated with the

LVEF,5,6 123I-MIBG imaging can be a useful prognostic

marker in patients with CHF.6 ADMIRE-HF provides

prospective validation of the independent prognostic

value of 123I-MIBG scintigraphy in assessment of

patients with HF.7

There have been no data about whether ASV can

stabilize cardiac sympathetic nerve activity in CHF

patients with CSR-CSA. The aim of the present study is

to clarify whether ASV can stabilize cardiac sympa-

thetic nerve activity in CHF patients with CSR-CSA,

and then improve cardiac symptoms/function, and exer-

cise capacity compared with conventional treatment in

CHF patients with CSR-CSA.

METHODS

Study population

Between 2008 and 2011, 31 consecutive patients (2

women and 29 men with a mean age of 68 ± 9 years, range: 42

to 82 years) with dilated cardiomyopathy (DCM) or ischemic

cardiomyopathy (ICM) and CSR-CSA were assigned to groups

with or without ASV (HEART PAP, Respironics) in addition

to conventional treatment for heart failure that included b-
blockers, angiotensin-converting enzyme inhibitors or angio-

tensin receptor blockers, diuretics, aldosterone blockers, and

anti arrythmic drugs. All patients had experienced at least one

episode of heart failure requiring short-term hospitalization.

All patients were symptomatic at the start of treatment, being

in New York Heart Association (NYHA) functional Class II or

III and having an LVEF B 40% by quantitative gated SPECT

(QGS). The following patients were excluded: (1) patients with

CHF due to organic valvular heart disease; (2) patients with

chronic pulmonary disease; (3) patients on dialysis; and (4)

patients with a history of stroke and neurological deficits. After

at least 3 months of optimal medical treatment, patients were

randomized to the ASV or non-ASV groups. Of the 31

patients, 16 were allocated to the ASV group and 15 to the

non-ASV group. One patient in the ASV group withdrew from

the study for personal reasons and failed to complete the trial,

leaving 30 patients available for analysis. All patients gave

informed consent in accordance with the guidelines of the

Human Clinical Study Committee of our hospital prior to

participation in the study.

Polysomnography

Patients underwent overnight attended polysomnography

using a computerized system (Alice PDx; Respironics;

Murrysville, PA, USA) that automatically recorded and

analyzed the electroencephalogram, electrooculogram, elec-

tromyogram, and electrocardiogram. Air flow from the nose

or mouth was recorded with a thermistor, while thoracic and

abdominal wall motion were monitored by plethysmography.

Arterial oxygen saturation (SaO2%) was measured transcuta-

neously by pulse oximetry. Hypopnea was defined as a fall in

oronasal air flow C30% of baseline for more than 10 seconds

associated with a decrease of SaO2% by C3%. Apnea was

defined as the absence of oronasal air flow for the same

period. The number of episodes of apnea and hypopnea per

hour was calculated as the apnea-hypopnea index (AHI), and

patients with an AHI C 5/h were classed as having significant

sleep apnea syndrome. CSR-CSA was defined as follows: (1)

at least 3 consecutive cycles of a cyclic crescendo-de-

crescendo change in breathing and an AHI C 5/h, or (2)

persistence of a cyclic crescendo-decrescendo breathing

pattern for at least 10 consecutive minutes.8,9 The follow-

up AHI data were taken from ASV device in ASV group and

second PSG in non-ASV group.
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ASV treatment

The principles of flow-triggered ASV have been

described previously.10-12 It provides a manually set level of

expiratory positive airway pressure (EPAP) to maintain upper

airway patency and automatically modulates the inspiratory

positive airway pressure (IPAP) within a preset range to

maintain a target inspiratory airflow, thereby eliminating CSA

events. In addition, the device provides an automatic back-up

rate when sustained apnea is detected. EPAP was automati-

cally titrated to the effective pressure over a range from 4 cm

H2O to the maximum of 10 cm H2O. Minimum IPAP was set

at the same level as EPAP or 2 cm H2O higher in patients with

obstructive flow limitation, while maximum IPAP was set at

10 cm H2O above minimum IPAP. In addition, an automatic

back-up rate was initially set for all subjects. When central

apnea was not corrected, the automatic back-up rate was

changed to a fixed back-up rate of 10/min or more.

123I-MIBG and 99mTc-MIBI imagings

123I-MIBG and 99mTc-Sestamibi (MIBI) were obtained

commercially (FUJIFILM RI Pharma, Tokyo, Japan). Patients

were injected intravenously with 111 Mbq of 123I-MIBG.

Anterior planar images and single-photon emission computed

tomography (SPECT) images were acquired both 15 minutes

after injection and 4 hours later. SPECT imaging was per-

formed using a dedicated 3-detector system (IRIX, PICKER

Cleveland, OH) with low-energy, all-purpose resolution,

Figure 1. The change of Delta AHI. AHI = apnea-hypopnea
index.

Figure 2. The change of TDS for 123I-MIBG imaging.
TDS = total defect score; ASV = adaptive servo-ventilation.
The change of TDS was defined as the difference between the
TDS at the beginning of the study and the TDS at 6 months.

Table 1. Clinical characteristics and medication of study population

ASV Non-ASV
P(n 5 15) (n 5 15)

Age (years) 69 ± 9 68 ± 10 .865

Male gender, n (%) 13 (87) 15 (100) .484

BMI (kg/m2) 23.4 ± 4.5 24.8 ± 4.0 .426

Non-ischemic/Ischemic 11/4 12/3 .685

NYHA class 1

2 3 3

3 12 12

LVEF (%) 26 ± 9 27 ± 9 .711

Atrial fibrillation, n (%) 7 (47) 2 (13) .113

CRT, n (%) 2 (13) 0 (0) .484

Medication

b-blockers, n (%) 15 (100) 15 (100) 1

ACE inhibitors/ARBs, n (%) 13 (87) 11 (73) .394

Diuretics, n (%) 11 (73) 10 (67) .704

Aldosterone blocker, n (%) 8 (53) 6 (40) .479

Antiarrythmic drug, n (%) 8 (53) 5 (33) .473

ASV adaptive servo-ventilation; BMI bodymass index; NYHANew York Heart Association; CRT cardiac resynchronization therapy;
LVEF left ventricular ejection fraction; ACE angiotensin-converting enzyme; ARB angiotensin receptor blocker
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parallel-hole collimators. The detectors were constantly cor-

rected for energy, uniformity, and linearity. Projection images

were acquired for 55 seconds in 5� increments over a 360�
orbit and were recorded at a digital resolution of 64 9 64

pixels. On a different day, patients were injected with

740 MBq of 99mTc-MIBI at rest and imaging was done

30 minutes later to evaluate myocardial perfusion and cardiac

function. 99mTc-MIBI SPECT images were acquired for

40 seconds in 5� increments over a 360� orbit. Energy

discrimination was provided by a 20% window around the

159 keV photopeak of 123I-MIBG and a 15% window around

the 140 keV photopeak of 99mTc-MIBI.

On the anterior planar delayed 123I-MIBG images, the

heart-to-mediastinum (H/M) activity ratio was obtained by

placing a region of interest (ROI) over the heart (H) and over

the upper mediastinum (M). The ROI over the heart included

the blood pool. The washout rate was calculated using the

formula: (H-M)early - (H-M)delayed/(H-M)early 9 100. We

used the delayed H/M activity ratio and delayed TDS. (The

institutional normal H/M ratio was 2.32 ± 0.19 and the

washout rate was 28.1 ± 7.0%.)

The myocardial SPECT image was evaluated according to

the previous report.13 Then regional uptake was assessed

semiquantitatively using a five-point score (0 = normal

uptake; 1 = slightly reduced uptake; 2 = moderately reduced

uptake; 3 = severely reduced uptake; and 4 = absent uptake).

The total defect score was calculated as the sum of the scores

for all 17 segments. We defined the difference between

delayed 123I-MIBG and 99mTc-MIBI SPECT defect scores as

the mismatch score. The total mismatch score (TMS) was

calculated as the sum of the mismatch scores. TMS was

calculated as TDS (delayed 123I-MIBG) minus TDS (99mTc-

MIBI).

Commercially available quantitative gated SPECT (QGS)

software (Cedars-Sinai Medical Center, Los Angeles, CA)

with a temporal resolution of 16 frames per RR interval was

used to create a 3-dimensional surface cinemode display. Then

this display was employed to calculate the LVEF, left

ventricular end-diastolic volume (LVEDV), and left

ventricular end-systolic volume (LVESV) throughout the

cardiac cycle using an automatic edge detection algorithm.14

Cardiac symptoms and exercise capacity

Cardiac symptoms were assessed using the NYHA

functional classification. Exercise capacity was estimated

using the specific activity scale (SAS), with all patients being

asked 21 questions at the beginning of this study and after

6 months of therapy.15

Statistical analysis

All examinations were performed and evaluated by

researchers who had no information about which group the

patients were enrolled in. Statistical analysis was done with

JMP software (SAS Institute Inc., Cary, NC). Comparisons of

parameters were performed using paired two-tailed t-tests,

while the unpaired two-tailed t test was used for comparison

between the ASV and non-ASV groups. Results are expressed

as the mean ± SD.

RESULTS

Patient characteristics

Both groups were well matched for baseline char-

acteristics (Table 1). Fifteen patients (2 women and 13

men with a mean age of 69 ± 9 years) received ASV and

15 patients (all men with a mean age of 68 ± 10 years)

did not receive ASV. During the study period, no

changes were made to their baseline medications,

including b-blockers, ACE inhibitors/ARBs, diuretics,

aldosterone blockers, and antiarrhythmic drugs. There

were no significant differences of age, gender, body

mass index, NYHA functional class, LVEF, and

Figure 3. The change of H/M ratio for 123I-MIBG imaging.
H/M = heart-to-mediastinum; ASV = adaptive servo-ventila-
tion. The change of H/M ratio was defined as the difference
between the H/M ratio at the beginning of the study and the H/
M ratio at 6 months.

Figure 4. The change of left ventricular ejection fraction for
quantitative gated SPECT. EF = ejection fraction;
ASV = adaptive servo-ventilation. The change of EF was
defined as the difference between the EF at the beginning of
the study and the EF at 6 months.
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medications between the 2 groups. Atrial fibrillation was

present in 7 patients (44%) from the ASV group and 2

patients (13%) from the non-ASV group. Cardiac

resynchronization therapy was performed in 2 patients

(13%) from the ASV group.

Polysomnography data and the change of
apnea-hypopnea-index

Polysomnography data are summarized in Table 2.

The baseline AHI and arousal index were comparable

between the ASV and non-ASV groups. In the ASV

group, the AHI decreased significantly from baseline to

6 months of therapy (from 25.5 ± 14.7 to 4.7 ± 2.8,

P = .0002), but it did not change in the non-ASV group.

The change of AHI of the ASV group was significantly

different to that of the non-ASV group (-20.8 ± 14.6 vs

-0.5 ± 8.1/h; P = .0003, Figure 1).

Total Defect Score and the H/M ratio of the
123I-MIBG images

The total defect scores obtained from delayed 123I-

MIBG images are summarized in Table 3. In the non-

ASV group, the total defect score did not change

significantly after 6 months of therapy (36 ± 11) in

comparison with the baseline value (35 ± 13). In the

ASV group, however, the total defect score decreased

significantly after 6 months in comparison with baseline

(from 35 ± 13 to 27 ± 13, P\ .01). The defect score of

the ASV group after treatment was significantly lower

than that of the non-ASV group (P\ .05). In addition,

the change of TDS of the ASV group was significantly

lower than that of the non-ASV group (-7.9 ± 4.3 vs

1.4 ± 6.0, P\ .0001, Figure 2).

The H/M ratios obtained from delayed 123I-MIBG

images are summarized in Table 3. In the non-ASV

group, the H/M ratio did not change significantly after

6 months of therapy (1.53 ± 0.17) in comparison with

the baseline value (1.57 ± 0.18). In the ASV group,

however, the H/M ratio increased significantly after

treatment in comparison with baseline (from 1.54 ± 0.19

to 1.70 ± 0.24, P\ .01). The H/M ratio of the ASV

group after 6 months of therapy was significantly higher

than that of the non-ASV group (P\ .05). Moreover,

the change of H/M ratio of the ASV group was

significantly higher than that of the non-ASV group

(0.16 ± 0.16 vs -0.04 ± 0.10, P = .0003, Figure 3).

Washout Rate and the change of Washout
Rate on 123I-MIBG images

Washout rates obtained from the 123I-MIBG images

are also summarized in Table 3. In the non-ASV group,

the washout rate did not change significantly after

6 months of therapy (51 ± 9%) in comparison with

baseline (50 ± 11%). However, the washout rate of the

ASV group decreased significantly after treatment in

comparison with baseline (from 53 ± 9% to 44 ± 15%,

P\ .05).

Total Defect Score on 99mTc-MIBI images

The total defect scores obtained from 99mTc-MIBI

images are summarized in Table 3. In the non-ASV

group, the total defect score did not change significantly

after treatment (from 10 ± 6 to 10 ± 7). In the ASV

group, the total defect score decreased significantly after

treatment (from 15 ± 13 to 12 ± 12, P\ .05).

Figure 5. The NYHA functional class. ASV = adaptive
servo-ventilation. 1/2Y = 6 months.

Figure 6. The change of specific activity scale. SAS = speci-
fic activity scale; ASV = adaptive servo-ventilation. The
change of SAS was defined as the difference between the
SAS at the beginning of the study and the SAS at 6 months.
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Total Mismatch Score between the 123I-
MIBG images and the 99mTc-MIBI images

The total mismatch scores between delayed 123I-

MIBG images and 99mTc-MIBI images are summarized

in Table 3. In the non-ASV group, the total mismatch

score did not change significantly after 6 months of

therapy (26 ± 12) in comparison with the baseline value

(24 ± 13). In the ASV group, however, the total mis-

match score decreased significantly after 6 months in

comparison with the baseline (from 20 ± 13 to 15 ± 10,

P\ .01). The defect score of the ASV group after

treatment was significantly lower than that of the non-

ASV group (P\ .05).

LVEDV, LVESV, and LVEF on QGS images

The baseline LVEF, LVEDV, and LVESV were

compared with those after 6 months of therapy (Table 4).

Figure 7. Representative case from the non-ASV therapy group. 123I-metaiodobenzylguanidine (MIBG) images
obtained from short-axis and vertical long-axis reconstructions. 123I-MIBG uptake decreased in all segments at the
beginning, but was unchanged after 6 months. TDS changed from 22 to 27, H/M ratio changed from 1.46 to 1.49, and
WR changed from 56% to 50%. These parameters remained unchanged after 6 months of therapy.

Figure 8. Representative case from the ASV group. 123I MIBG uptake was decreased in all segments at the beginning. 23I MIBG
uptake in the same area has improved after 6 months of ASV treatment. TDS improved from 30 to 17. H/M ratio increased from 1.46
to 1.99. And WR improved from 51% to 22%.

Journal of Nuclear Cardiology� Toyama et al. 1931
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In the ASV group, LVEF and ESV improved significantly

after treatment from 26 ± 9% and 178 ± 67 ml to

31 ± 10% (P\ .01) and 157 ± 65 ml (P\ .05), respec-

tively. In addition, the change of LVEF (5.3 ± 3.9%) of

the ASV group was significantly higher than that of the

non-ASV group (0.7 ± 2.6%; P = .0009, Figure 4).

Functional capacity

Changes of the NYHA functional class are summa-

rized in Table 4. The non-ASV group did not show any

improvement of functional class after 6 months of

therapy in comparison with baseline (from 2.8 ± 0.4 to

2.7 ± 0.5). In contrast, the ASV group showed an

improvement of NYHA functional class after treatment

compared with baseline (from 2.8 ± 0.4 to 2.2 ± 0.4,

P = .003). The NYHA class of the ASV group was

significantly lower than that of the non-ASV group after

treatment for 6 months (P = .026, Figure 5).

Changes of the SAS are summarized in Table 4. In

the non-ASVgroup, the SASdid not increase significantly

after 6 months of therapy (4.2 ± 0.9 METs) in compar-

ison with its baseline value (3.9 ± 0.9METs). In the ASV

group, however, the SAS increased significantly after

6 months of therapy in comparison with its baseline value

(from 3.4 ± 1.1 METs to 5.0 ± 1.0 METs, P\ .01). The

SAS of the ASV group was significantly higher than that

of the non-ASV group after treatment (P\ .05). More-

over, the change of SAS of the ASV group was

significantly higher than that of the non-ASV group

(1.6 ± 1.4 METs vs 0.3 ± 0.7 METs, P = .004, Fig-

ure 6). Figures 7 and 8 show representative cases from the

non-ASV group and the ASV group, respectively.

DISCUSSION

In the present study, performing ASV for 6 months

led to a significant decrease of the AHI in CHF patients

with CSR-CSA, in whom the functional capacity,

exercise tolerance, and LVEF all increased, while

cardiac sympathetic nerve activity was suppressed.

There have been several previous clinical studies of

ASV therapy for CHF and CSR-CSA. Oldenburg et al

reported that ASV therapy decreased the AHI from

37.4 ± 9.4 to 9.4 ± 4.1/h of sleep.16 Similarly, Kasai

et al reported that the AHI decreased from 37.4 ± 19.5

to 1.9 ± 2.1/h with ASV.17 The present study confirmed

that the effectiveness of ASV therapy for CHF patients

with CSR-CSA was sustained for at least 6 months in

terms of the improvement of functional capacity, cardiac

function, and cardiac sympathetic nerve activity as well

as AHI.

In previous studies, sympathetic nerve activity has

been estimated from plasma or urine norepinephrine

concentrations in CHF patients with CSR-CSA.4 Stan-

iforth et al reported that home oxygen therapy reduced

the frequency of Cheyne-Stokes respiration and reduced

overnight urinary excretion of noradrenaline in patients

with CHF and CSR-CSA.4 They concluded that home

oxygen therapy stabilized Cheyne-Stokes respiration

and improved sympathetic nerve activity. However,

there have been no data about whether ASV can

stabilize cardiac sympathetic nerve activity in CHF

patients with CSR-CSA. In the present study, we

evaluated cardiac sympathetic nerve activity using
123I-MIBG scintigraphy. Myocardial scintigraphy with
123I-MIBG, an analog of norepinephrine, has been

reported to provide images that reflect cardiac sympa-

thetic nerve function,5,6 and assessing 123I-MIBG uptake

is considered useful for evaluating the severity of heart

failure.6,18 In addition, the H/M ratio, total defect score,

and washout rate can be obtained from 123I-MIBG

images to predict the prognosis and evaluate the efficacy

of treatment.6,18-20

In the present study, improvement of the TDS, H/M

ratio, and washout rate obtained from 123I-MIBG imag-

ing was more marked in patients receiving ASV therapy

than in patients who did not receive ASV. These results

suggest that the improvement of CSR-CSA by ASV led

to a decline of sympathetic nerve activity. Because

elevated sympathetic nerve activity is a poor prognostic

feature in CHF patients,21 improvement of sympathetic

Table 2. Polysomnography data

ASV group Non-ASV group P value

TST (min) 349 ± 58 362 ± 69 .782

AHI (events/h) 25.5 ± 14.7 25.0 ± 13.5 .929

CSA (%) 36.7 ± 25.4 39.0 ± 28.6 .721

Minimum SaO2 (%) 82.2 ± 4.4 81.3 ± 3.6 .763

TST spent with SaO2\90% (%) 11.1 ± 4.6 10.7 ± 3.6 .812

Arousal index, (h) 24.9 ± 6.5 23.2 ± 10.5 .736

TST total sleep time; AHI apnea-hypopnea index; CSA = central sleep apnea; SaO2 oxygen saturation
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nerve activity is associated with lower mortality.22 Thus,

performing ASV therapy in patients with CHF and CSR-

CSA may have important implications for the treatment

of CHF. There have been no previous reports that ASV

directly improves sympathetic nerve activity in CHF

patients with CSR-CSA. However, our data show that

ASV can improve CSR-CSA in CHF patients. The

mechanism underlying CSR-CSA has been postulated to

involve upregulation of both central23-26 and periph-

eral23 chemoreceptors, which is thought to be due to

elevation of circulating catecholamine levels.27 Mans-

field et al28 supported the concept that heart failure is

primarily responsible for the development of CSR-CSA

in CHF patients, with the increase of sympathetic nerve

activity and upregulation of chemosensitivity being

secondary changes. ASV therapy can also stabilize

sympathetic nerve activity and this effect could promote

the improvement of cardiac symptom, cardiac function,

and exercise capacity in CHF patients with CSR-CSA.

CRT was implanted in two patients in our study. In

the previous study, CRT was reported to improve

cardiac sympathetic nervous dysfunction in responder

heart failure patients 6 months after CRT.29 However,

CRT was already implanted over 6 months before our

ASV study. Accordingly, the results of cardiac 123I-

MIBG uptake were less affected by CRT.

The delayed normal H/M ratio in our institute was

2.32 ± 0.19, which was similar to 2.49 ± 0.25 evaluated

from Japanese normal databases for myocardial 23I-

MIBG imaging using LE collimeter.30 The H/M ratio of
123I-MIBG showed variations among institutions and

needs to be standardized among various scinticamera-

collimator combinations. In Nakajima’s research, a total

of 225 phantom experiments were performed in 84

institutions in Japan to calculate cross-calibration coef-

ficients of H/M ratio. The average conversion

coefficients from the individual camera-collimator con-

dition to the mathematically calculated reference H/M

ratio ranged from 0.55 to 0.75 for low-energy groups

and from 0.83 to 0.95 for medium-energy groups. The

conversion coefficient of 0.88 was used to unify H/M

ratios from all acquisition conditions. Using the refer-

ence H/M ratio and conversion coefficients for the

system, H/M ratios with various conditions can be

converted to the standard H/M ratios in a range of

normal to low H/M ratios.31

In our study, there was no significant difference in

the rate of non-ischemic or ischemic patients and

myocardial perfusion damage calculated by 99mTc-MIBI

perfusion imaging before study. TDS of ASV group

improved after ASV treatment, but not in non-ASV

group. The LV volume decreased after treatment in only

ASV group. This finding could improve the quality of

myocardial perfusion and decrease TDS.T
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The ASV usage improved chronic heart failure and

cardiac sympathetic nerve function, which connected to

the improvement of not only cardiac function and

symptom, but also exercise capacity evaluated by SAS.

We used the low dose of 111 Mbq for 123I-MIBG

imaging. Imaging quality was good enough to evaluate.

That dose was supported by Japanese national insurance.

However, several limitations of this study need to

be considered. First, because of the small number of

patients enrolled, it was difficult to sufficiently evaluate

the effectiveness of ASV for patients with CHF and

CSR-CSA. Second, the duration of ASV therapy was

relatively short. In the future, we need to study the long-

term effects of ASV in a larger number of patients.

In conclusion, performing ASV therapy for

6 months was effective for improving CSR-CSA, and

stabilized cardiac sympathetic nerve activity, which

promoted the improvement of cardiac symptoms/func-

tion, and exercise capacity in CHF patients with CSR-

CSA.

NEW KNOWLEDGE GAINED

There have been no data about whether ASV can

stabilize cardiac sympathetic nerve activity in CHF

patients with CSR-CSA. Improvement of cardiac sym-

pathetic nerve activity evaluated by 123I-MIBG imaging

was obtained markedly in patients receiving ASV

therapy. ASV therapy can stabilize sympathetic nerve

activity and this effect could promote the improvement

of cardiac symptom, cardiac function, and exercise

capacity in CHF patients with CSR-CSA.
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