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FIG. 5. Correlation analyses between BMI and the plasma thioredoxin or adiponectin level.  The plasma adiponectin level,

but not the plasma thioredoxin level, was negatively correlated with BMI. Solid circles, OSA subjects (n
12). BMI, body mass index.

subjects in the non-OSA group (n

morbidities, the difference in plasma TRX level between the
OSA patients and non-OSA subjects was still significant (p
0.02; R 0.48). The plasma TRX level was not significantly
associated with BMI (p  0.15), whereas it was significantly
associated with RDI. (p 0.004; R 0.53).

Effect of nasal CPAP treatment on
the biomarkers

In the OSA-treatment group, nasal CPAP for 1 month sig-
nificantly improved nocturmnal hypoxemia/reoxygenation pa-
rameters including the RDI {48.2 14.8 events/h to 1.81
1.21 events/h; p  0.0001), lowest nocturnal Sao, (65.2
16.5%1t088.1 4.04%;p 0.0001)andthe percentage of time
with Sao, 90% (29.3 22.9% 10 0.37 0.45% of time; p
0.0001). Although the BMI did not significantly change, the
TRX, IL-6, CRP, and adiponectin levels changed significantly

41); apen circles,

after 1 month of nasal CPAP use. The plasma TRX level
43.6 230 ng/ml to 33.3 208 ng/ml;n 27, p 0.03)
significantly decreased after 1 month of nasal CPAP treatment.
Conversely, the plasma adiponectin level (3.55 1.37 g/ml
10379 114 g/mlip 0.03)significantly increased (Table
3, Fig. 6). The plasma IL-6 (1.68 . 2.87 pg/ml to 0.634
0.619 pg/ml; p  0.0008) and serum CRP levels (0.178
0.156 mg/dl 10 0.120 0.120 mg/dl; p  0.01) also signifi-
cantly decreased (see Table 3 and Fig. 6).

We performed correlation analyses between the “basal” serum
TRX level before nasal CPAP 1reatment and the therapeutic re-
sponse, such as the change in RDI or Pav,. The TRX level was
not correlated with the change in RDI p  0.13;Rs  0.30), the
change in lowest Sao; (p  0.99; Rs  0.003), or the change in
the percentage of time with Sao, 90% (¢ 0.11; Rs  031).

In the OSA-untreated group, the TRX, IL-6, CRP, and
adiponectin levels did not significantly differ (all the p values

TasrLe 3. CHaNGES IN THE LEVELS OF MEDIATORS DURING THE MEASUREMENT
INTERVAL IN THE OSA TREATMENT GROUP AND OSA UNTREATED GROUP

Variable

First blood sample Second blood sample P
Thioredoxin (ng/ml) OSA treated 436 230 333 208 0.03
OSA untreated 359 271 325 158 0.64
Adiponectin ( g/ml) OSA treated 355 137 379 114 0.03
OSA untreated 440 2.04 430  2.06 0.29

[L-6 (pg/ml) OSA treated 1.68 2.87 063 0.62 0.0008
OSA untreated 133 1.59 094 058 0.78
CRP (mg/d) OSA treated 0.178  0.156 0.120  0.1317 0.01
OSA untreated 0.161 0.130 0.119  0.091 0.27

Data are expressed as mean  SD.

OSA, obstructive sleep apnea.

178



OXIDATIVE STRESS IN OSA PATIENTS

(a) Thioredoxin

ng/mL

1204

Before CPAP After 1 month CPAP
(c) IL-6

p=0.0008
2

Before CPAP After 1 month CPAP

(b) Adiponectin

pg/mL
.- =003
Y
14
n x
5
&= ——
3 %
— ]
]
244 —
14
Before CPAP  After 1 month CPAP
(d) CRP
mg /dL p=0.01

Before CPAP After 1 month CPAP

FIG. 6. Changes in the plasma thioredoxin, adiponectin, [L-6, and serum CRP levels after 1 month of nasal CPAP use in

the OSA treatment group.

Nasal CPAP treatment significantly reduced the plasma thioredoxin level but increased the plasma

adiponectin level. Nasal CPAP treatment significanly reduced the plasma IL-6 and serum CRP levels. OSA, obstructive sleep
apnea; IL-6, interleukin 6; CRP, C-reactive protein; CPAP, continuous positive airway pressure.

0.27) between the 2 days of measurement (mean interval, 39.4
days) during which nasal CPAP treatment was not provided
(see Table 3, Fig. 7).

DISCUSSION

In the OSA patient group (n  41), the plasma TRX level, a
marker of oxidative stress, was significantly increased before
nasal CPAP treatment, but the plasma level of adiponectin, an
adipocytokine, was significantly reduced. The plasma TRX
level (n  53: the 41 OSA subjects and the 12 non-OSA sub-
jects) was positively correlated with RDI (. 0.001) and per-
centage of time with Sao, 90% (p  0.002). Plasma TRX was
strongly related to OSA independent of BMI, age, and current
smoking habit (p  0.04; R 0.38). After nasal CPAP treat-
ment, the plasma level of TRX decreased, as did the levels of
other cardiovascular parameters, such as serum CRP and plasma
IL-6, whereas the plasma level of adiponectin increased.

TRX expression is induced by oxidative stress, and this pro-
tein scavenges reactive oxygen radicals directly or togetber with
TRX-dependent peroxiredoxin. Moreover, TRX is released
from cells in the presence of oxidative stress, and the plasma/
serum TRX levels are good markers of oxidative stress (12, 22).
Several studies showed that the TRX level ranges from 10 ng/ml

to 30 ng/ml among normal subjects and thatitis 40 ng/ml in
patients with oxidative stress (20, 21, 35, 36). In the present
study, the plasma TRX level was significantly higher in the 41
OSA subjects before nasal CPAP therapy than in the 12 non-
OSA subjects (41.0  24.4 ng/ml vs. 23.9 14.7 ng/ml; p

0.02). Our resulis strongly support that OSA patients are sub-
jected to hypoxia-induced oxidative stress every night. Some
studies (3, 5) showed that patients with OSA bave decreased
antioxidant capacity. Indeed, a high concentration of TRX, such
as 1,000 ng/ml, would be needed to scavenge reaclive oxygen
radicals completely and have antiinflammatory effects (24, 25).
The mean TRX level of the OSA patients in this study was 41
ng/ml. Therefore, the TRX level in OSA patients may be in-
sufficient to act as an antioxidant protein. Recently, Svatikova
et al. (37) found that healthy OSA patients without any other
comorbidities do not manifest evidence of higher oxidative
stress by measuring the levels of oxidized products such as thio-
barbituric acid—reactive substances, oxidized low-density lipo-
protein, and isoprostanes, contrary to previous reports (3, 5, 15,
32, 41). Oxidative stress in OSA patients may be demonstrated
more clearly by measuring the level of an antjoxidant protein
such as TRX. The plasma TRX level was positively correlated
with both RD! and the percentage of time with Sao, 90%.
The plasma TRX level was strongly related to OSA, indepen-
dent of BMI, age, and current smoking habit. Plasma TRX may
be a good marker of oxidative siress in OSA patients and may

179



10

(a) Thioredoxin

ng/mL
120 =064
7~ ™~
100 —
0=
50~
a0 %‘ I
R ——
o -
1" time 2 time
(c) TL-6
pg/mL p=0.78
7 - ~
6
5
3
2
-
1* time 2" time

TAKAHASHI ET AL.
(b) Adiponectin

p=029

4

mg /dL
¢
1% time 2™ time
(d) CRP

037 - M>27 -
D4~

.34

€2

0.1 o —

¢
1* time 2™ time

FIG. 7. Changes in the plasma thioredoxin, adiponectin, IL-6, and serum CRP levels between the 2 measurement days
(mean interval, 39.4 days) during which nasal CPAP treatment was not provided in the OSA untreated group. The plasma
thioredoxin, adiponectin, 11.-6, and serum CRP levels did not significantly differ between the two measurement davs. OSA, ob-
structive sleep apnea; IL-6, interleukin 6; CRP, C-reactive protein; CPAP, continuous positive airway pressure.

be a sensitive barometer of the effectiveness of nasal CPAP
treatment. Because the number of subjects in our study was
small, further studies are needed to investigate the precise role
of TRX in OSA.

In this study, the plasma adiponectin level was significantly
reduced in the OSA treatment group before nasal CPAP treat-
ment, and it increased after nasal CPAP treatment for 1 month.
The plasma adiponectin level was negatively correlated with

-the plasma TRX level. Adiponectin is an adipocyte-specific cy-

tokine. In clinical studies, a low adiponectin level has been as-
sociated with insulin resistance (10), atherosclerosis (18), and
cardiovascular diseases (28). Moreover, the increased oxidative
stress in patients with obesity has a significant impact on the
low adiponectin level (7). OSA is clearly associated with obe-
sity and is also linked to the dsk of insulin resistance (11) and
cardiovascular diseases (34). However, the linkage between
OSA and adiponectin has been equivocal (9, 40). This ambi-
guity may be due to the complexity of regulation of adiponectin.
For example, obesity itself results in a low adiponectin level
(2), as well as in our data: the plasma adiponectin level in this
study was negatively correlated with BMI (p 0.02; »

0.32).

In addition to plasma TRX and adiponectin Jevals, we mea-
sured the levels of inflammatory markers that have been con-
sidered to be clevated in oxidative stress. It has been reported
that the levels of inflammatory markers such as CRP and IL-6
were elevaled in patients with OSA, and they were reduced by
nasal CPAP therapy (33, 42). In our data, the CRP level was
significantly elevated, although the 1L-6 level was not signifi-
cantly elevated in the untreated OSA patients. However, when
CPAP was administered to OSA patients, the CRP and [L-6
levels significantly decreased. A recent study (8) showed that
CRP in OSA patients may be associated with obesity rather than
with OSA itself. In our data, the difference in CRP level be-
tween the OSA and non-OSA subjects disappeared after ad-
justing for BMI. The inflammatory pathway can be initiated by
oxidative stress (14). Because many confounding factors par-
ticipate in the inflammatory pathway, it is difficuit to show a
clear association between OSA and inflammation. However,
considering that the plasma TRX level was positively corre-
lated with the plasma [L-6 and seram CRP levels and that CPAP
treatment improved the serum CRP and plasma IL-6 levels, ox-
idative stress may be one mechanism of inflammation in OSA
patients. Oxidative stress markers such as TRX are directly as-
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sociated with the pathogenesis of OSA and may be more sen-
sitive markers of OSA than inflammatory markers.

This study has some limitations. The first limitation was that
a significant difference in BMI was found between the non-
OSA group and the OSA patient group. The serum CRP level
is increased in patients with obesity, whereas the plasma
adiponectin level is decreased (2, 10). In this study, the plasma
TRX level was not correlated with BML. In addition, BMI was
not a significant variable in the multiple regression analysis with
plasma TRX level as the dependent variable. Therefore, the dif-
ference in BMI between the non-OSA group and the OSA pa-
tient group would not have significant effects on the plasma
TRX level.

Another limitation of this study is that polysomnography was
not performed in the non-OSA volunteers. The volunteers were
not heavy snorers. It was recently reported that the best agree-
ment between AHI and 3%O0D] values was found among indi-
viduals with AHI values 15, where the difference between
the estimated AHI and 3%O0D] values was only -0.4 among 49
subjects (26). Therefore, although sleep-disordered breathing in
the non-OSA volunteers in this study was measured by oxime-
try and not polysomnography, this would not have a significant
effect on the overall results.

The last limitation is that the effects of nasal CPAP were not
examined in a randomized, placebo-controlled design because
of the difficulty in implementing placebo nasal CPAP treatment
under the official medical insurance system in Japan. However,
in the OSA-untreated group, who did not receive nasal CPAP
treatment, the levels of the mediators did not change signifi-
canly during the interval between the measurement points.
Therefore, we could reveal the effects of nasal CPAP.

In conclusion, we demonstrated that the plasma TRX level
was elevated in patients with OSA independent of BMI and co-
morbidities, but that it is reduced by nasal CPAP. TRX has the
potential to be a good marker to evaluate oxidative stress in
OSA patients and to monitor the effectiveness of CPAP ther-
apy.
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Abstract

Objective To clarify the prevalence and clinical characteristics of obesity-hypoventilation syndrome (OHS)
in a large number of paticnts with moderate to severe obstructive sleep apnea syndrome (OSAS).

Methods Subjects comprised 611 patients with OSAS registered from 7 sleep centers and clinics and ana-
lyzed according to the definitions of the Respiratory Failure Research Group of the Japanese Ministry of
Health and Welfare. Baseline characteristics, polysomnographic data during sleep, laboratory blood examina-
tions, excessive daytime sleepiness, pulmonary functions, and arterial blood gases were compared between
OHS and non-OHS patients. Determinants of daytime hypercapnia were also examined in OHS patients.
Results OHS was identified in 55 of the 611 patients with OSAS (9%). OHS patients were younger, heav-
ier, and more somnolent than non-OHS patients and displayed more severe OSAS, liver dysfunctions, higher
total cholesterol, and impaired pulmonary function. However, these differences were resolved except for pul-
monary function after correction for obesity. Daytime hypercapnia was associated with impaired pulmonary
function. Percent vital capacity (%VC) was most closely correlated with PaCO: in OHS.

Conclusion OHS patients display numerous abnormalities due to obesity compared with non-OHS patients.
Impaired pulmonary function, particularly %VC, may play an important role in the development of daytime
hypercapnia independent of obesity in OHS patients.

Key words: obesity-hypoventilation syndrome, obstructive sleep apnea syndrome, daytime hypercapnia, obe-
sity, pulmonary functions
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display repeated upper airway obstruction during sleep, OHS

Introduction

Obesity-hypoventilation syndrome (OHS) (1) was origi-
nally described in 1955 in patients with obesity, daytime hy-
percapnia and hypoxemia, polycythemia, hypersomnolence
and right ventricular failure. This syndrome gained attention
among general physicians as the“Pickwickian syndrome”de-
scribed by Burwell et al (2). Since most patients with OHS

has been considered as the most severe type of obstructive
sleep apnea syndrome (OSAS), although a small number of
patients with OHS do not experience sleep apnea (3). The
Respiratory Failure Research Group set up by the Japanese
Ministry of Health and Welfare (4) recently published a
definition of OHS using the following criteria: 1) extreme
obesity (body mass index (BMD=30 kg/m’); 2) excessive
daytime sleepiness; 3) chronic daytime hypercapnia (arterial
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carbon dioxide tension (PaCQ.)245 mmHg); and 4) severe
OSAS (apnea-hypopnea index (AHI)=30/h or severe oxy-
gen desaturation). As patients with OHS reportedly display a
worse prognosis than typical patients with OSAS (5) and
use more health-care resources (6), understanding the clini-
cal characteristics of OHS is important for general physi-
cians. The present study therefore aimed to collect a large
number of patients with OSAS in whom diagnosis was con-
firmed by polysomnography (PSG) from 7 sleep centers and
clinics in Japan. The prevalence and clinical characteristics
of OHS were then analyzed.

Patients and Methods

Paticnts who were diagnosed with OSAS by PSG and for
whom nasal continuous positive airway pressure (CPAP)
treatment was indicated in 7 sleep clinics and centers from
2000 to 2001 were registered in this study. Criteria for pa-
tient registration were: moderate to severe sleep apnea (AHI
>20/h); and nasal CPAP treatment.

A full night of PSG with continuous recordings of elec-
troencephalogram (EEG), electrooculogram (EOG), submen-
tal electromyogram (EMG), electrocardiogram (ECG), air-
flow at the nose and mouth (by thermister recording), move-
ment of the rib cage and abdomen (inductance plethysmog-
raphy), and oxyhemoglobin saturation (Sa0:) was performed
in all patients. Analysis and interpretation of PSG data were
performed using standard techniques (7). Apnea was defined
as cessation of airflow at the nose and mouth lasting =10 s.
Hypopnea was defined as decreased airflow, rib cage excur-
sions, or abdominal excursions>50% associated with oxygen
desaturation of =4% below the preceding baseline value
(8). AHI was calculated as the number of apnea and hy-
popnea episodes per hour of sleep. Mean and minimum
Sa0: values were also calculated from PSG data. Baseline
clinical characteristics and laboratory blood examination
data were also collected.

Conventional spirometry was measured using a Chestak
auto-spirometer (Chest Co., Tokyo, Japan). Percent predicted
values were obtained from the literature. Arterial blood sam-
ples were drawn from a radial artery with the patient awake
and supine. Arterial blood samples were analyzed using an
ABL3000 auto-analyzer (Radiometer Co., Tokyo, Japan).
Hypercapnia was defined as PaC0.>45 mmHg.

Subjective sleepiness was assessed using the Epworth
sleepiness scale (ESS) (9), a well-validated 8-item self-
completed questionnaire. Patients were asked to score the
likelihood of falling asleep in 8 different situations with dif-
ferent levels of stimulation.

Among the registered patients, those who underwent pul-
monary function testing and arterial blood gas analysis were
selected for this study. Subjects were divided into OHS and
non-OHS patients according to the outlined criteria and
baseline characteristics, PSG data, laboratory examination
data, pulmonary functions and blood gas data were com-
pared. To correct for the effects of obesity, differences in

Table 1. Baseline Characteristics in Subjects
Number 611

Sex (M:F) 568:43

Age (years) 48 +11

BMI (kg/m”) 2915

AHI (episodes/h) 52426
Arousal index (episodes/h) 48 £25
Mean 8a0; (%) 90 46
Minimum Sa0; (%) 67 14

PaO; (mmHg) 79 £17
PaCO; (mmHg) 4146

pH ~135910.071
ESS 1045

Abbreviations: BMI, body mass index; AHI, apnea-hypopnea index; ESS, Epworth

slecpiness scale, ranging from O (least sleepy) to 24 (most sleepy).

variables between OSAS patients with OHS and those with
BMI>30 kg/m’ were also compared.

All patients provided written informed consent to partici-
pate in this study.

Statistical analysis

Results are presented as mean #standard deviation (SD).
Group differences were assessed using unpaired t tests.
Pearson linear correlations were also determined between
certain variables. Correlations between PaCO, and anthro-
pometric, respiratory and polysomnographic variables were
determined by stepwise multiple regression analysis using
Statview version 4.0 statistical software (Macintosh, Aba-
cauus Concepts, Inc). Each variable was entered into multi-
ple regression analysis if F value was>4. Values of p<0.05
were considered statistically significant.

" Results

A total of 611 patients (568 men, 43 women) from 7
sleep centers and clinics underwent pulmonary function test-
ing, arterial blood gas analysis, and PSG, and were included
in this study. Baseline characteristics and PSG data are
shown in Table 1. Mean age was 48x1 years and mean BMI
was 29+5 kg/m’. Although PSG data revealed that subjects
had severe OSAS (mean AHI, 52+26/h), daytime blood gas
analyses were within normal limits. OHS was present in 55
of the 611 patients with OSAS (9%). OHS patients were
significantly younger and heavier than non-OHS patients
and displayed more severe OSAS and more sommnolence
than non-OHS patients (Table 2). On laboratory blood ex-
aminations, hematocrit, GOT, GPT, Al-P, and total choles-
terol were all significantly higher in OHS patients than in
non-OHS patients. On pulmonary function testing, percent
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Table 2. Baseline Characteristics, Polysomnographic Data
and Laboratory Blood Examinations

OHS non-OHS P
Number 55 556
Sex (M:F) 50:5 518:38
Age (years) 42 110 51413 0.001
BMI (kg/m?) 3716 274 0.001
AHI (cpisodesth) 72422 50 +26 0.0001
Mean 520, (%) 86 7 90 15 0.0001
Minimum $a0; (%) 59 £10 68 £15 0.0001
ESS 12 44 1015 0.013
Het (%) 4644 45 +3 0.028
RBC (/ul) 386 1259 3511352 NS
WBC (ful)) 4233 £3772 3669 +3677 NS
GOT (IUN) 38 418 29 120 0.023
GPT (IUM) 64 141 42436 0.009
LDH (TUn) 194 £76 206 +81 NS
AL-P (IUM) 252473 196 70 0.009
GGTP (TUN) 65 175 59 £67 NS
TC (mg/dl) 224 345 209 £38 0.034
TG (mg/dl) 218 +138 204 1160 NS
FBS (mg/dl) 109 43 111 £33 NS

Abbreviations: OHS, obesity-hypoventilation syndrome; BMI, body mass index; AHI,

apnea-hypopnea index; ESS, Epworth sleepi scale; Het, b it; RBC, red blood

cell, WBC, white blood cel GOT, gl i I GPT,

transaminase; LDH,
y-glutamyl

cholesterol; TG, triglyceride; FBS, fasting blood sugar

glutamic  pyruvic lactate  dehydrogenase;  AL-P,

alkaline  phosphatase;  GGTP, transpeptidase;  TC,  total

vital capacity (%VC), forced expiratory volume in one sec-
ond/forced vital capacity (FEV,o%) and PaQ. were all sig-
nificantly lower and PaCO. was significantly higher in OHS
patients than in non-OHS patients (Table 3).

To correct for any effects of obesity, OSAS patients with
OHS were compared to markedly obese OSAS patients
(BMI =30 kg/m®) without hypercapnia (n=117). As shown
in Table 4, no significant differences in charactenstics were
observed between groups except for pulmonary function and
blood gases.

As daytime hypercapnia represents a key feature of OHS,
correlations between PaCO; and other variables were exam-
ined to determine factors underlying development of hyper-
capnia in OHS patients. ESS, %VC, FEV.,% and PaO: were
all significantly correlated with PaCQ; (Table 5). In particu-
lar, %VC exhibited the closest correlation with PaCO;
(r=-0.455, p<0.0009). Although multiple stepwise regression
analysis in OHS patients showed mean Sa0: and %VC as
independent variables for predicting daytime PaCO;, the cor-
relation was relatively weak (R’=0.224, p=0.0052). Relation-

Table 3. Pulmonary Functions and Blood Gas Analysis

OHS poD-OHS P
Number 55 556
%VC (%) 102 £17 108 £17 0.024
FEV.5% (%) 7649 80 18 0.037
PaO; (mmHg) 7448 80 £17 0.005
PaCO; (mmHg) 48 £3 4146 0.0001
pH 7.380.01 7.3510.07 NS

Abbreviations: VC, vital capacity; FEV¢%, forced expiratory volume in

one second/forced vital capacity

Table 4. Comparisons between OHS and Mark-
edly Obese OSAS

OHS 0sAS P
Number 55 17
Age (years) 42510 46412 NS
BMI (kg/m’) 366 3413 NS
AHI (episodes/h) 72422 70125 NS
Mean $a0; (%) 86+7 8647 NS
Minimum Sa0; (%) 59 £10 61415 NS
ESS 1244 1245 NS
Het (%) 46 x4 4712 NS
GOT (1un) 38 £18 40428 NS
GPT (UM 64 +41 67 £53 NS
ALP (TUM) 252 73 204 164 . NS
TC (mg/dl) 224 +45 211 346 NS
%VC (%) 102 £17 106 £14 0.046
FEV 0% (%) 76 19 7948 0.049
Pa0; (mmHg) 7418 76 £15 NS
PaCO; (mmHg) 4813 4142 0.001
pH 7.38 2001 7.40 30.02 0.001

ships between PaCO: and other variables were also investi-
gated in daytime hypercapnic patients, who comprised 126
of the 611 cases. PaCO; was significantly corrclated with
ESS, %VC, FEV,4%, Pa0:, and pH. Stepwise multiple re-
gression analysis was performed to identify factors contrib-
uting to increased PaCO: in hypercapnic patients. The re-
sults showed that PaCQ. was significantly influenced by
ESS, %VC, and FEV,%. Incorporation of these 3 variables
into the model accounted for 47% of the total variance of
PaCO: in hypercapnic patients (R*=0.477, p<0.0001).
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Table 5. Correlation Coefficients be-
tween PaCO: and Other Variables

r P
Age 0.198 0.172
BMI 0.113 0.409
AHI 0.146 0.288
Arousalindex 019 0.321
Mean $20, -0.284 0.088
Minimum 820,  -0.140 0.422
ESS 0430 0.002
%VC -0.455 0.0009
FEV1o% -0.422 0.002
Pa0; 0433 0.0009
pH -0.368 0.01
Discussion

We first determined the prevalence of OHS among a large
number of patients with moderate to severe OSAS. OHS
was only identified in 9% of patients with OSAS. Although
the proportion of OHS cases among OSAS cases is unclear,
a recent study reported 34 patients with OHS from among
254 OSAS patients (13%) (10). Those results are consistent
with the present findings. As the present study was a multi-
center study with a large number of subjects, the results
might be reliable. Although the prevalence of OHS was not
as high as in the present study, other reports have reported
that patients with OHS experience impaired quality of life
(11), increased medical payments (6), and poor prognosis
(5). Clarification of the prevalence and pathophysiology of
OHS are thus clinically useful in general medicine.

The present results demonstrate that OHS patients experi-
ence a number of disorders compared with typical OSAS
patients. OHS is associated with more severe sleep disorder
breathing, increased somnolence, higher hematocrit, in-
creased liver dysfunctions, higher total cholesterol, and more
impaired pulmonary function. However, these abnormalities
may be due to obesity, as when BMI was matched between
OHS and OSAS patients, these differences disappeared ex-
cept for pulmonary function including blood gases. Most ab-
normalities in OHS could thus be attributable to obesity.

Another key feature of OHS is daytime hypercapnia
(chronic hypoventilation). Obesity may not be related with
development of daytime hypercapnia alone, as BMI showed
no significant correlation with PaCO. in OHS. What factors
contribute to the development of daytime hypercapnia in
OHS? Chronic airflow obstruction has been demonstrated to
play a major role in the development of daytime hypercap-
nia in OSAS patients (12). When OSAS patients have
chronic airway obstruction, daytime hypercapnia often oc-

curs even in the absence of obesity. This condition is called
“overlap syndrome” (13). Subjects in this study generally
did not display impaired pulmonary functions. Airway ob-
struction is thus unlikely to play an important role in the de-
velopment of daytime hypercapnia in our patients, although
FEV.s% was correlated with PaCQ.. A significant difference
was noted between %VC in OHS and non-OHS patients,
and %VC was most closely correlated with PaCO.. In addi-
tion, all hypercapnic patients displayed %VC, FEV,:%, and
ESS as independent factors in predicting levels of daytime
PaCO; by stepwise multiple regression analysis. These data
suggest that daytime PaCO; in OSAS patients is associated
with pulmonary functions, particularly restrictive respiratory
capacity, even though these were within normal limits. Aka-
shiba et al (14) recently showed that %VC and oxygen de-
saturation during sleep play important roles in the develop-
ment of daytime hypercapnia in Japanese OSAS patients
without chronic airway obstruction. Golpe et al (15) also re-
ported that chronic hypercapnia in patients with OSAS is
mainly associated with restrictive ventilatory deficit in Cau-
casian subjects. Although the subjects in these studies were
obese OSAS patients, not OHS patients, the present results
were consistent with these previous studies. However, why
the slight reduction in %VC found in the present study de-
velops with daytime hypercapnia in OHS patients remains
uncertain. When patients are markedly obese, a slight reduc-
tion in %VC may substantially affect gas exchange due to
decreased chest-wall compliance, finally inducing daytime
hypercapnia. Since the mechanisms of development of day-
time hypercapnia may be quite complex, further investiga-
tions are needed to clarify relationships between hypercap-
nia and reduced vital capacity.

Disorder of central respiratory control is another cause of
hypoventilation. Various studies have examined relationships
and between hypercapnia and ventilatory responses in pa-
tients with OSAS and OHS (16-25). However, results have
not always been consistent in these studies. For example,
Verbraecken et al (23) observed an increased response to hy-
percapnia in 14 normocapnic patients with OSAS. In con-
trast, Garay et al (24) showed a normal response to hyper-
capnic stimulation in 6 eucapnic patients with OSAS. In
both studies, hypercapnic patients with OSAS demonstrated
a blunted response to hypercapnia. Lopata and Onal (22)
also reported a diminished response to hypercapnia in 15
patients with OSAS. Sin et al (25) investigated hypercapnic
ventilatory response in patients with and without OSAS and
showed that OSAS was not associated with a blunted venti-
latory chemoresponsiveness to carbon dioxide in a relatively
large number of subjects. These data suggest the existence
of a number of determinants, including age, gender, obesity,
obstructive, and restrictive ventilatory impairments in the de-
velopment of hypercapnia in patients with OSAS or OHS,
although disorders of central respiratory control may play a
substantial role in the development of daytime hypercapnia.
Since ventilatory responses were not examined in this study,
we cannot comment on how ventilatory responses contribute
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to daytime hypercapnia in patients with OHS. Further inves-
tigations are needed to determine relationships between ven-
tilatory responses and daytime hypercapnia in OHS.

This study was partly supported by a grant to the Respiratory
Failure Research Group from the Ministry of Health, Labour and
Welfare, Japan.
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First Experience of Using New Adaptive Servo-Ventilation
Device for Cheyne-Stokes Respiration With Central
Sleep Apnea Among Japanese Patients
With Congestive Heart Failure

—— Report of 4 Clinical Cases —

Takatoshi Kasai: Koji Narui; Tomotaka Dohi*; Hisashi Takaya;
Naotake Yanagisawa**; George Dungan®; Sugao Ishiwata*; Minoru Ohno*; - -
Tetsu Ymaguchi®; Shin-ichi Momomurat*

Background Cheyne-Stokes respiration with central sleep apnea (CSR-CSA) in congestive heart failure (CHF)
is generally considered a poor prognostic indicator, but treatment of CSR-CSA using an adaptive servo-ventila-
tion (ASV) device has been developed. This is the first evaluation of its use in the management of CSR-CSA in
Japanese CHF patients.

Methods and Results Four CHF patients with CSR-CSA that was unresponsive (o conventional positive air-
way pressure (CPAP) underwent 3 nights of polysomnography: baseline, CPAP or bi-level PAP, and on the ASV.
The apnea-hypopnea index (AHI) and central-AHI (CAHI) were markedly improved on ASV (AHI 62.7+10.1 .
to 5.9x2.2/h, p=0.0006, CAHI 54.5£6.7 to 5.6+2.3/h, p=0.007). In addition, the sleep quality improved signifi-

cantly on ASV, including arousal index (62.0£10.5 to 18.7£6.2/h, p=0.012), percentage of slow- -wave s eeg,ﬁ,f, o

(2.6£2.6t0 19.4+4.8 %, p»() 042).
Conclusions ASV mdrkcdly improved CSR-CSA in patients with CHF. It is a promising reatrent f()r

Japanese patients with CHF.

{Circ J2006; 70: 1148-1154)

Key Words: Addpnve servo ventilation; Bi-level positive airway pressure; Central sleep apnea; Cht,yne -Stokes
respiration: Congestive heart failure; Continuous posilive airway pressure

tive heart failure (CHF) often suffer from the com-

plication of abnormal periodic breathing during
sleep, including Cheyne-Stokes respiration with central
sleep apnea (CSR-CSA). Patients with CSR-CSA have a
poorer prognosis than CHF patients without CSR-CSA!-3
To date, CSR-CSA has been treated with positive airway
pressure (PAP), including continuous PAP (CPAP) and
bi-level PAP47 but although these devices reduce the inci-
dence of apnea, and improve the sleep quality and cardiac
function in CHF patients with CSR-CSA, there are some
patients who show either no acute improvement or incom-
plete management of the abnormal breathing pattern To be
effective, CPAP requires spontaneous breathing, and it
may sometimes not be effective for frank central apnea. In
addition, compliance with CPAP is sometimes poor be-
cause patients feel uncomfortable when they exhale against
the high positive pressures required for appropriate treat-

Se\f.eral studies have shown that patients with conges-

(Received April 17, 2006: revised manuscript received June 21, 2000;
accepted June 28, 2006}
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ment! This may have contributed to the results of recent
clinical trial. the Canadian Continuous Positive Airway
Pressure Trial for Congestive Heart Fuilure patients with
Central Sleep Apnea (CANPAP), which failed to show
long-term mortality benefits in CHF patients with CSR-
CSA using CPAP3 Therefore, other alternatives need (o be
consider when treating CHF patients with CSR-CSA. We
previously reported on the efficacy of another PAP device,
bi-level PAP, for improving the abnormal breathing pattern
or underlying cardiac dysfunction in these patients?'0 How-
ever, in the clinical setting, patienms often continue to pres-
ent with the CSA-CSR breathing pattern. More recently,
the adaptive-servo ventilator (ASV), a novel PAP device,
has been cstablished as an effective therapeutic alternative
to other PAP technologies. The ASV not only manages the
sleep disordered breathing, but also may improve cardiac
function!!-13 The ASV device was only recently become
available for use in Japan, and experience in the Japancse
patient population has been unreported. Therefore, we now
report the first clinical experience using the ASV device
among Japanese CHF patients with CSR-CSA. These sub-
jects continued 1o have CSR-CSA after using other tradi-
tional PAP therapies. including CPAP and bi-level PAP.

Methods

Subjects
We enrolled patients who have been diagnosed as having

Cirelation_fournal  Vol. 70, Septentber 2006
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Table 1 Clinical Characteristics of the 4 Patients With CSR-CSA
" Case | Age G N 1 BMI  Eiology IVEF  BNP  NE  NYHA  PaOr  PuaCO: £5S Medicar
no. (years) cader (kg/n’) of CHF (%) (pg/ml) (pg/ml})  class (Torr)  (Torr) - Hedication
] 65 M 290 Non IHD 43 189 781 i/} 76 39 17 ARB, BB, Sp. Diu. Dig
2 77 M 26.0 Non IHD 45 206 448 i 92 36 15 ARB. BB. Diu, Dig, ACEIl, BB
3 62 M 29.8 1HD 29 314 678 " S0 36 12 Sp. Div, Am
4 85 M 19.9 THD 35 564 570 m 86 39 15 ACEI BB. Sp. Div. Am
Mean 72.3 26.2 37.9 318.3 619.3 835 37.5 14.8
SEM 5.3 2.2 3.0 86.5 71.5 35 09 1.0

CSR-CSA, cheyne-stokes respiration with central sleep apnea; BMI, body mass index: CHF, congestive heart failure; LVEFE. left vemricular ejection fraction:
BNP, brain natriuretic peptide: NE. norepinephrine; NYHA, New York Heart Association functional; ESS. epworth sleepiness scale; 1HD, ischemic hear: dis-
ease; ARB, angiatensin Il receptor blockers: BB, 3-blockers: Sp, spirenoractone: Diu, diuretics; Dig, digoxin; ACEL angiotensin converting enzyme inhibitors:

Am. amiodarone: SEM, standard error of the mean.

Table 2 Diagnostic Polysomnography Findings
Case AHI {no./hj % (:j'T.;"i' Lowest Arl Sleep stage (% of TST)
0. Towl  Cemral Obsiructive  $02<90%  SO2(%)  (no./h) &2 SWS  REM
/ 87.3 67.4 19.9 347 64 87.8 100 0 0
2 62.6 3.5 111 22.8 74 63.5 93.6 0 6.4
3 38.0 371 0.9 1.5 77 36.4 70.9 10.5 18.6
4 62.8 62.0 08 88 81 60.3 93.2 0 6.7
Mean 02.7 54.5 82 17.0 74.0 62.0 89.4 26 7.9
SEM 10.1 6.7 4.6 7.4 3.6 10.5 6.4 26 39

AHI. apnea - hypopnea index: TST, towl sleep time: SOz, arterial oxvhemoglobin saturation; Arl, arousal indev: SWS, slow wave
sleep: REM. rapid eye movemeni; SEM, standurd error of the mean.

CSR-CSA and chronic CHF and were being followed in
Toranomon Hospital (Tokyo, Japan). These subjects in-
cluded patients for whom PAP therapy had already been
attempted, but which had failed to resolve the CSR-CSA or
the patient had poor compliance with the traditional device
(defined as £70% of nights used. <4 h/night over 1 month of
usage). All 4 successful candidates gave informed consent
and the trial was performed according to the ethics policies
of the institution,

Case | had attempted bi-level PAP therapy (BiPAP
Synchrony, Respironics, PA, USA) using S/T mode, with
the inspiratory PAP (IPAP) set to 12cmH:z0, expiratory
PAP (EPAP) set to 6cmH20, and the back-up respiratory
rate set to 16/min. The PAP device did not completely elim-
inate the respiratory events because this patient required
very high pressure support (PS) to sustain ventilation
during back-up breathing spanning central apneas. Such
high pressure was deemed too uncomfortable, and woke
the patient. Thus, the CSR-CSA could not be completely
eliminated.

Case 2 had also attempted bi-level PAP therapy (BiPAP
Synchrony, Respironics) using S/T mode, IPAP |5cmH:20,
EPAP 9cmH:0, and back-up respiratory rate 15/min. As
with the previous subject, the device failed to provide suf-
ficient relief for the CSA-CSR.

Case 3 had been started on CPAP therapy (REMstar
Auto, Respironics, PA, USA) at 6cmH20, but it failed to
manage the CSR-CSA. This subject was poorly compliant
and complained about the uncomfortable sensation of ex-
cessive exhalatory pressure.

Case 4 had also been started on CPAP therapy (REMstar
Auto, Respironics, 7emH20) because of both the cost and
the difficulty in synchronizing 1o bi-level PAP therapy. His
CSR-CSA was modestly reduced but his compliance was
poor, possibly because of the sensation of high exhalatory
pressure.

Ciradlation Journal - Vol. 70, September 2006

Sleep Study

All participants underwent & nocturnal in-lab attended
polysomnography (PSG) using a digital polygraph (Somno
Star Alpha Sleep System, Sensor Medics, CA, USA). The
standard PSG recorded the central electroencephalograms,
bilateral electro-oculograms, submental electromvogram,
bilateral anterior tibialis electromyogram, electrocardio-
gram, chest and abdominal movement recording using res-
piratory effort bands, body position monitoring, oronasal
airflow monitoring using a pressure-sensor. and arterial
oxyhemoglobin saturation monitoring using a pulse-oxime-
ter.

The sleep study was scored using standard methodo-
logies. Sleep staging and arousals were scored using 30-s
epochs according to Rechtschaffen and Kales!® and the
American Academy of Sleep Medicine criterial® Classifica-
tion of apnea and hypopnea used standard methodologies, as
previously described!® The apnea-hypopnea index (AHI)
was defined as the total number of apnea and hypopnea
events divided by the total sleep time (TST), and was ex-
pressed as the number of events per hour. The arousal index
(Arl) was defined as the total number of arousals divided
by the TST, and was expressed as the number of events per
hour. Sleep stages 1 and 2, slow-wave sleep (SWS) and
rapid eye movement (REM) sleep were expressed as a
percentage of TST. Each subject underwent 3 PSG record-
ings: tnitial baseline diagnostic recording, second recording
on the conventional PAP device (cither CPAP or bi-level
PAP}, and then while using the new ASV device.

ASV

In the present study, all subjects used the same type of
ASV device (Heart PAP, Respironics, PA, USA). This de-
vice is a noninvasive ventilator intended for use in patients
with sleep disordered breathing. including CSA-CSR.
Therapy is intended to be used by the patient via either a
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Table 3 Effect of Treatment on Polysomnography Findings

KASAI'T ctal,

On conventional

At diagnosis PAP* pvalue**  On ASV pvalue**  pvalue***
AHl (no./h)
Toral 62.7+10.1 17.8£3.3 0.021 5.942.2 0.0006 0.047
Central 54.546.7 13.5%1.5 0.02 5.6+2.3 0.007 0.053
Obstructive 8.214.6 4.3%1.8 0.86 0.320.1 0.029 0.084
Arousal index (no./h) 62.0£10.5 22.245.3 0.033 18.746.2 0.012 0.88
Sleep stage (% of TST)
LAY 2.61£2.6 11.9x4.1 0.24 19.154.8 0.042 0.33
REM 7.9+3.9 14.7%1.4 0.60 18.4+4.4 0.21 0.69
*Conventional positive airvay pressure (PAP}. continuous PAP or bi-level PAP.
** p5 diagnosis. ***conventional PAP vs ASV.
PAP, positive airway pressure; ASV, aduptive servo-ventilation, Other abbreviations see in Table 2.
A B
{no./h) {noJh)
100 100
80 | 80 [
60 60 |
62.7:10.1 S45:6.7h
40 40
20 } 12.8:3.3 /M 20
fiasasm
{s9:zam { se2am
0 o
Diagnosis On treatment Diagnosis On treatment
C
(no/h)
25
20
%5
10 |
5 } 4.3:1.8/M
8.2:4.6/M
0 #0.3:0.
Diagnosis On treatment

Figl. Effect of treatment on the apnea—hypopnea index (AHI). (A) Total AHL Significant reductions in the total AHI
with both conventional positive airway pressure (PAP), including continuous PAP and bi-level PAP (p=0.02), and adap-
tive servo-ventilation (ASV) (p=0.0006) were observed. There were significant differences between the AHI on conven-
tional PAP and on ASV (17.8£3.3 vs 5.9+2.2/h, p=0.047). (B) Central AHI (CAHI): significant reductions of the CAHI
with both conventional PAP (p=0.02) and ASV (p=0.007) were observed. There was a tendency for the CAHI 10 reduce
more on ASV than on conventional PAP (13.5£1.5 vs 5.6+2.3/h, p=0.053). (C) Obstructive AHI (OAHI): significant
reductions in the OAHI were observed only on ASV (p=0.029). Data are presented individually: (@) diagnosis and on
ASV, (O) reatment with conventional PAP, Mean and standard error of the mean are also presented.

nasal or full-face mask in the home or clinical setting.
Although the ASV has several modes of therapy available,
only the auto mode was used in this study.

Under normal operation of the ASV, the management of
any obstructive component of sleep disordered breathing is
performed using a previously titrated CPAP or bi-level
pressure setting. The clinician sets the EPAP and minimum
IPAP (IPAPmin) levels to matintain airway patency by man-
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agement of any obstructive sleep disordered breathing. This
is typically performed during a traditional in-laboratory
monitored titration PSG study. If clinically appropriate,
EPAP and IPAPuin can be set to the same value, offering
the patient a baseline therapy of CPAP. A maximum IPAP
(IPAPmax) is set according to clinical presentation, and is
typically set 15cmH20 greater than IPAPmin,

When a CSR-CSA event begins, the PS, the difference

Circulation_Journal
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A

(noJh}
100 [

g

62.0:10.5/m

20

18.7462 M

Diagnosis On treatment

Cc

(% of TST)
30 -

25 -
20

15

7.9:3.9% 14.7£1.8%

v
Diagnosis On treatment

Fig2.

} 222:53 M

18.4:4.4%
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B
(% of TST)
3{) -
25 |

20 - 19.1248%

15 |
11.9:4.1%

2.6:26%

1 P o
Diagnosis On treatment

Effect of treatment on sleep quality. (A) Arousal index (Arl): significant reductions in the Arl with both conven-

tional positive airway pressure (PAP), including continuous PAP and bi-level PAP (p=0.033), and adaptive servo-ventila-
tion (ASV) (p=0.012) were observed. There was a greater reduction in the Ar | on ASV (22.2+5.3 vs 18.7+6.2/h. p=0.88),
although it was not statistically significant. (B) Slow wave sleep (SWS): significant increases in the percentage of SWS
was observed only with the ASV (p=0.042). (C) Rapid eyc movement (REM) sleep: increases in the percentage of REM
sleep with both conventional PAP (p=0.60) and ASV (p=0.21) were observed, although it was not statistically significant.
Data are presented individually: (@) diagnosis and on ASV, (O) treatment with conventional PAP. Mean and standard

crror of the mean are also presented. TST, total sleep time.

between the IPAP and the EPAP pressures, increases and
the gradually increasing PS provides augmented ventilation
in an attempt to achicve a target peak flow. As the patient’s
spontancous respiratory effort improves, the PS provided
by the ASV gradually decreases, which helps prevent ex-
tension of hyperventilation during the typical hyperpnea
following the CSR ‘waning’ period. The serial application
of this additional ventilatory support is intended to nor-
malize patient ventilation and eliminate the persistent CSR-
CSA phenomenon. Should frank apnea events occur, the
ASV will attempt to ventilate the patient according to an
internal algorithm, providing ventilatory support using
back-up breaths delivered during the apnea event

In the present study, the setting of the ASV device was
determined before the sleep study as follows.

(a) The initial EPAP level was determined by the previ-
ously set pressure on other devices (the CPAP level or the
EPAP level for bi-level PAP).

(b) If the patient has been on bi-level PAP initially, the
IPAPwmin was set to the previous IPAP level to eliminate any
obstructive flow limitation.

(c) For this study, the IPAPmx was set to between 10
and 20cmH20 above the baseline maintenance pressures,

Circulation_Jowrnal V0l 70, September 2006

Table 4  Individual Settings for the Adaptive Servo-Ventilation Device

Case no. 1PA Priax TPAPumin EPAP
i 16 i 6
2 20 14 9
3 16 6 4
4 17 7 7

1PAPwax, maximum inspiratory positive ainvay pressure; I1PAPmin, minimum
inspiratory positive airway pressure; EPAP, expiratory positive airway pres-
sure.

A maximum pressure of greater than 20ecmH20 was
avoided, in order to lessen the chance of direct pressure-
related compromise in cardiac output, as well as the chance
that excessive PS would awaken the patients. The overrid-
ing objective during the study was to minimize the intra-
thoracic pressure to which the patient was exposed during
the course of the therapy.

Measurements

In the current study changes between the diagnostic study
and the subsequent studies under therapy were measured.
Parameters of interest included total AHI, central AHI
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Fig3. Representative raw wave form on
polysomnography (PSG) from | patient, (A}
Typical Cheyne-Stokes respiration with
central sleep apnea (CSR-CSA) on the diag-
nostic PSG: note 4 central apneas and
subsequent hyperventilation. (BY Improve-
ment of CSR-CSA with adaptive servo-ven-
tilation (ASV) on PSG: note the back-up
ventilation during a central apnea with max-
imum inspiratory positive airway pressure
and the reduction toward the minimum in-
spiratory positive airway pressure (1PAPmin)
during the hyperventilation phase. (C) Spon-
tanecous breathing with the ASV on PSG:
note the adaptation of the ASV with IPAPmin
on spomtaneous inspiration and expiratory
PAP on spontancous expiration. EQG, elec-
ro-oculograny; EMG, submental electromyo-
gram; EEG. electroencephalogram: ECG.
electrocardiogram;  SpO2. oxyhemoglobin
saturation.
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(CAHI). obstructive AHI (OAHI), Arl, percentage of SWS
and REM sleep. Differences between various therapy
nights were also evaluated to assess differences involving
the use of the ASV in the management of CSR-CSA,

Statistical Analysis

All values are mean +standard error of the mean (SEM).
The comparisons of each PSG parameter between the diag-
nostic sleep study and the subsequent study with either the
conventional PAP devices (CPAP or bi-level PAP) or the
ASV, and between the second study and third study were
performed using the exact nonparametric permutation test,
in which the permutation sample size was 10,000. In this
analysis, data were rank transformed because of the small
number of subjects assessed. Additionally, the comparison
of each PSG parameter between the second study on con-
ventional PAP and the third study on ASV was performed
with the exact nonparametric permutation test, as well. P
values of less than 0.05 were considered to indicate a statis-
tically significant difference.

Results

Four patients agreed to participate in the trial of the
ASV. There were no adverse events during overnight use
of the device, nor were there complaints from the patients
about 1-night use of the ASV. The characteristics and drug
use of all 4 patients are shown in Table 1. Paticnts were
older-aged males who had symptomatic chronic CHF with
moderately or severely impaired left ventricular ejection
fraction. Most of them were obese except for Case 4 whose
body mass index was only 19kg/m?2. They had been treated
with conventional medication for chronic CHF, including
angiotensin-converting enzyme inhibitors, angiotensin I
receptor blockers, and/or 3-blockers.

The diagnostic PSG findings of each patient are shown
in Table2. Patients revealed moderate to severe sleep
apnea that predominantly consisted of CSR-CSA. All had
severely disturbed sleep. All patients underwent their
second PSG on their previous CPAP or bi-level PAP pres-
sure settings.

The changes in each PSG parameter between the diag-
nostic study and the second study on conventional PAP
device or the third on ASV are summarized in Table3 and
changes in the parameters of each patient are shown in
Figs1 and 2. The setting of the ASV during the third sleep
study in each patient is shown in Table4. The ASV mark-
edly improved the total AHI (62.7x10.1/h to 5.9+2.2/h,

=0.0006), CAHI (54.5+6.7/h 10 5.622.3/h, p=0.007) and
OAHI (8.2%4.6/h 10 0.320.1/h, p=0.029). These levels of
AHI are consistent with normal and furthermore, the im-
provement in AHI was significantly greater on the ASV
than on conventional PAP (17.8£3.3/h on conventional
PAP vs 5.9+2.2/h, p=0.047). Moreover, the ASV signifi-
cantly improved sleep quality, with a reduction in the Arl
(62.0£10.5/h to 18.7£6.2/h, p=0.012) and an increase in
the proportion of SWS (2.6£2.6% 10 19.4+4.8%, p=0.042).
The REM sleep increased, although it is not statistically
significant (7.9+3.9% to 18.4+4.4%, p=0.21). Representa-
tive wave forms in the diagnostic and third PSG are shown
in Fig 3. There was a tendency to reduce the CAHI more on
the ASV than on conventional PAP (13.5£1.5/h on conven-
tional PAP vs 5.6+£2.3/h on ASV, p=0.053). The improve-
ment in the OAHI and SWS was observed only on ASV.
Although the improvements in Arf and REM sleep with the
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ASV were greater than those on conventional PAP therapy,
the differences between the therapies were not significant.

The acute response to the ASV by all patients was beuter.
In fact, although there are more than 3 awakenings in each
case during the second PSG on conventional PAP, but none
during the third PSG on ASV, except for | awakening in
case 4. under the condition of no differences in TST be-
tween the 2 occastons. In addition, there were no com-
plaints about uncomfortable sensations from either case 3
or 4, even though the same level of exhilatory pressure was
used for ASV and CPAP. Cases 1 and 2 continued to use
the ASV device with good compliance, but cases 3 and 4
discontinued their use, not because of poor compliance but
tor cost reasons.

Discussion

The present study showed the CSR-CSA in CHF patients
significantly improved when using the new ASV device.
The ASV has 2 novel therapeutic algorithms. The primary
algorithm is & pressure control system that normalizes pa-
tient ventilation levels by adjusting the inspiratory pressure
and the secondary algorithm is an automatic timed back-up
system that allows the patient to take natural pauses in
inspiration while still providing PS assistance during true
apneas. The pressure control system closely monitors the
peak inspiratory flow of the patient and compares it to an
internal target calculated as the patient’s average normal
breathing pattern (peak flow). PS is dynamically adjusted
breath 1o breath as necessary to ensure that the patients’
actual inspiratory flow matches the target. The automatic
timed back-up system tracks the patient’s spontancous
breath rate and time of inspiration. Based on these data, a
back-up breath is automatically delivered 10 the patient
during an apnca event.

The residual CSR-CSA of the 4 patients was not resolved
completely with conventional PAP therapy (bi-level PAP
or CPAP), which is an important finding because in Japan
many heart failure patients with sleep disordered breathing
do not use cither CPAP or bi-level PAP therapy. In those
who do, the CSR-CSA is not completely managed cither
because of the intrinsic limitations of the therapy or patient
compliance issues. The ASV may provide improved man-
agement of these cases now that it has been approved for
clinical use in Japan.

The recent report of the Canadian trial of Continuous
Positive Airway Pressure for management of CSR-CSA in
a heart failure population (CANPAP) failed to show long-
term mortality, hospitalization, and transplant-free survival
benefit with CPAP. Thus, conventional CPAP should be
used cautiously to treat current CHF patients with CSR-
CSA® and other alternative treatments may need to be con-
sidered to improve the poor outcome among patients with
CHF!-3

Many questions remain unanswered in the CANPAP
trial; however the method of applying pressure to the patient
(often without titration) certainly raises the question of
untoward consequences of hemodynamic compromise
secondary to higher intrathoracic pressures in these patients.
In our study, the ASV was set to provide the absolute mini-
mum pressure necessary to support the airway to prevent
obstructive sleep disordered breathing. Higher pressures
were only used during episodes of CSR-CSA hypopnea or
apnea, with a rapid return to baseline pressure.

We previously reported the efficacy of bi-level PAP for

193



1154

CSR-CSA in CHF patients!? but the ASV was not yet avail-
able at the time of that study. The current study included 2
subjects for whom the use of conventional bi-level therapy
was impractical and who were better managed using the
ASV. [n general, the combination of OSA and CSR-CSA
often occurs in CHF patients and the ability of the ASV to
manage both obstructive and CSR-CSA means that more
patients can be managed by this therapy. Javaheri reported
that 49% of CHF patients had significant sleep disordered
breathing, 37% of them having CSR-CSA combined with
OSA, and 12% of them having OSA as well as CSR-CSA!®
CPAP has been established as the therapy for OSA, even in
the CHF patients!? but is sometimes ineffective for ceasing
a central apnea event!® Bi-level PAP is effective for both
OSA and CSR-CSA,-but in practice, such patients tend to
require the IPAP level be set to lower values, because of
the perceived difficulty with higher PS, and such reduction
in IPAP often leads to insufficient management of the
CSR-CSA. The ASV is able to resolve this problem of bi-
level PAP, because the IPAP level is automatically and
appropriately adapted.

There have been similar improvements reported in sleep
quality, expressed by Arl, percentages of SWS and REM
sleep!! The improvement in sleep quality may affect the
perception of sleepiness and this, coupled with the device’s
algorithmic tendency to minimize applied pressures, may
further improve the long-term compliance with therapy in
such patients.

The present study showed only an acute improvement in
CSR-CSA and there were no data about chronic use of this
device. Further, only sleep specific outputs were evaluated
and improvement in cardiac functions and quality of life
have not been demonstrated. Several clinical studies in
Western countries have shown the efficacy of chronic use
of similar ASV devices on cardiac function and quality of
life}213 Therefore, further investigations of chronic use and
assessment of cardiac function are also needed in Japanese
CHF patients.

Conclusion

The CSR-CSA among 4 Japanese patients with CHF,
which was uncontrolled using conventional PAP therapies,
was adequately and immediately controlled using the ASV
device. These early and encouraging findings suggest that
the long-term application of this novel therapy in the
Japanese CHF population must be evaluated in subsequent
prospective studies.
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