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プレゼンター
プレゼンテーションのノート
Apneaの定義は、空気流入量がベースラインの１０％以下まで低下するのが１０秒以上続く場合
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プレゼンター
プレゼンテーションのノート
近年、睡眠呼吸障害と種々の循環器疾患の関連性について様々な研究が行われている。
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UpToDate “Sleep related breathing disorders in adults: Definitions”

http://www.uptodate.com/contents/sleep-related-breathing-disorders-in-adults-definitions?source=related_link
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プレゼンター
プレゼンテーションのノート
心不全患者では覚醒時に更新した換気により血中二酸化炭素が低下しているため、眠りに陥るとCO2感受性は急に低下し、二酸化炭素濃度が無呼吸閾値に入り呼吸が停止する
無呼吸の持続とともに血中二酸化炭素が増大するが、循環の遅延のためにこの情報の呼吸中枢への伝達が遅れてその結果無呼吸が持続、二酸化炭素が過剰に増加する
中枢の化学受容器が高い血中二酸化炭素情報をとらえた時点から換気が急激に増加し覚醒あるいは脳波上の覚醒がおこり睡眠が分断される
過換気により血中二酸化炭素が是正されても循環遅延により呼吸中枢へその情報が伝達されないため過換気が持続して二酸化炭素はさらに減る
呼吸中枢が二酸化炭素の低下を感知して再び患者は深い眠りにつく。呼吸が停止する
心不全患者では新拡大などによる機能的残機量の低下に伴い肺内酸素予備量が少ないためいったん無呼吸がおこると健常者に比べて高度の低酸素決勝を起こしやすい
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A _ B
& 50 96-
< 2 5 T CPAP group |
:"é 40+ Control group T g ::_ 1 —_ 100~
ﬂl_c —
5% 30- ! 1 4 _ ol §
- 204 CPAP group T g& 92- Control group g 804 CPAP group
_g ; t 1 g .y £ (32 events)
28 % pco00 § 90 pcsor @ —
Wy 2 g 60
> 0 T T U T T &=
z 0 3 24 0 3 4 =
Time from Randomization (mo) Time from Randomization (mo) 3 40 Control group
= (32 events)
c D 5
35 90—, g' 20+
30 CPAP group aﬁ g5 CPAP group = P=0.54
T 5. &S 0 | | T | |
< D £f ool 0 12 24 36 48 60
3 Ez Control group Time from Enrollment (mo)
=
27, p_o007 A Ay No. at Risk
0— T T T U T T CPAP group 128 104 79 59 45 42 33 24 20 12 6
0 P8 2 0 : 2 Control group 130 117 96 79 59 46 37 27 19 12 4
Time from Randomization (mo) Time from Randomization (mo)

CPAPEAICK UYMNFRTR[EFIHEL

CPAPEAB DA N ERE DEMT R IER. B

Fib, EEBRHIRZHE S~ (p<0.05)

ot

PRI DFER . CPAPIEE AR D A A DS HEIEE i 4
FENEN > ENLERTHREREFLESNT




CANPAP trial

Suppression of Central Sleep Apnea by Continuous Positive
Airway Pressure and Transplant-Free Survival in Heart Failure
A Post Hoc Analysis of the Canadian Continuous Positive Airway Pressure
for Patients With Central Sleep Apnea and Heart Failure Trial (CANPAP)

Michael Arzt, MD; John S. Floras, MD, DPhil; Alexander G. Logan, MD; R. John Kimoff, MD;
Frederic Series, MD:; Debra Morrison, MD:; Kathleen Ferguson, MD; Israel Belenkie, MD;
Michael Pfeifer, MD; John Fleetham, MD; Patrick Hanly, MD; Mark Smilovitch, MD;
Clodagh Ryan, MD; George Tomlinson, PhD; T. Douglas Bradley, MD; for the CANPAP Investigators

Circulation. 2007; 115: 3173-80.
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Adaptive Servo Ventilation
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bEFOrE consent was
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8 Were lost to follow-up
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82 Withdrew consent
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event before consent
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t——==| 63 Had no primary end-
point event before
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before consent was
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1 Was lost to follow-up
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583 Completed the study
168 Discontinued ASV

578 Completed the study
98 Started PAP therapy
87 Received ASV

578A7b§: > I\ I:I_}l/ 8 Received CPAP . .
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Figure 1. Randomization, Treatment, and Follow-up of the Patients.

Patients who withdrew consent did so for both study participation and follow-up (see the Supplementary Appendix).
Of the 73 patients who withdrew consent in the control group, 3 had started adaptive servo-ventilation (ASV), and
of the 82 who withdrew consent in the ASV group, 2 had discontinued ASV. CPAP denotes continuous positive air-

way pressure, and PAP positive airway pressure.
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Table 1. Demographic and Clinical CharacteriStics of the Patients at Baseline.*

N

=11
H R

Implanted device — no. (%)

Control
Characteristic (N=659)
Age —yr 69.3+10.4
Male sex — no. (%) 595 (90.9)
Body weight — kg 86.1+17.5
Body-mass index 28.645.1

NYHA class — no.total no. (%)
I 194654 (29.7)
It 454654 (69.4)

Left ventricular ejection fraction — %63

Mean 32.5+8.0
Range 9.0-71.0
Diabetes mellitus — no.ftotal no. (%) 252653 (38.8)

Cause of heart failure — no./total no. (%)

Ischemic 366,642 (57.0)

Nonischemic 276/642 (43.0)
Blood pressure — mm Hg

Systalic 122.1£19.6

Diastolic 73.3+11.5

Electrocardiographic finding — no. [total no. (%)

Left bundle-branch blockf 65/295 (22.0)
Sinus rhythm 395/646 (61.1)
Atrial fibrillation 147/646 (22.8)

Other 104/646 (16.1)

Adaptive Seivo-Ventilation
(M =666)

69.649.5
599 (89.9)
85.6+15.8
284147

195/662 (29.5)
456/662 (68.9)

32.2+7.9
10.0-54.0
254660 (38.5)

390/653 (59.7)
263/653 (40.3)

122.3£19.0
73.7+11.3

79/304 (26.0)
372/650 (57.2)
178/650 (27.4)
100/650 (15.4)

Mo device
MNon-CRT pacemaker
ICD
CRT-P
CRT-D
Hemoglobin — g/dl
Creatinine — mg/dI¥
Estimated GFR — ml/min/1.73 rm?

6-Min walk distance — m

Concomitant cardiac medication — no.ftotal no. (%)
ACE inhibitor or ARB
Beta-blocker
Aldosterone antagonist
Diuretic
Cardiac glycoside

Antiarrhythmic drug

Mo 1= (p=0.005)

364 (55.2)

295 (44.8)

29 (4.4)

161 (24.4)

21 (3.2)

153 (23.2)
139415
1.4:0.6
59.3:20.3

337.9:1275

603/659 (91.5)
611/659 (92.7)
325/659 (49.3)
5617659 (85.1)
124/657 (18.9)

89/659 (13.5)

362 (54.4)
304 (45.6)
32 (4.8)
163 (24.5)
14 (2.1)
153 (23.0)
13.841.6
1.4+0.6
57.8+21.1
334.04126.4

613/666 (92.0)
612/666 (91.9)
316/666 (47.4)
561/666 (84.2)
149/666 (22.4)
128/666 (19.2)
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Table 2. Respiratory Characteristics at Baseline.*
Control Adaptive Servo-Ventilation

Characteristic (N=659) (N=666)
Epworth Sleepiness Scale scoret 7.1+4.6 7.0+4.3
AHI — no. of events/hr 31.7+13.2 31.2+12.7
Central apnea index/total AHI — % 46.5+30.0 44.6+28.9
Central AHI/total AHI — % 81.8+15.7 80.8+15.5
Oxygen desaturation index — no. of events /hri: 32.8+19.0 32.1x17.7
Oxygen saturation — %

Mean 92.8+2.5 92.8+2.3

Minimum 80.3+7.5 80.7+7.0
Time with oxygen saturation <90% — min 55.7+73.9 50.5+68.2

FHAHL 31/hr, ODI 32/hr&, EEDSASEENZ S FFEN TV
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Table S3. Average adaptive servo-ventilation device usage over time

Follow-up
2 weeks

3 months

12 months
24 months
36 months
48 months
60 months

Total

Proportion of patients with average nightly

<1 h

16.8

21.7

294

314

40.1

38.6

33.3

26.7

1-2 h

6.8

6.5

7.3

7.2

6.6

5.9

2.8

6.7

usage — %

2-3h 3-4h 4-5h
6.8 10.5 12.4
8.0 8.8 11.1
7.9 7.7 94
4.9 54 11.4
3.9 6.6 6.2
59 59 8.5
56 6.9 1.1
6.6 8.0 10.5

25h

46.8

43.9

38.3

39.8

36.6

35.3

40.3

41.5

Average usage
(h/night)

4.1
3.9
3.4
3.5
3.2
3.2
3.7

3.7
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Table S4. Respiratory effects of adaptive servo-ventilation therapy

Baseline 3 months 12 months
A= (10.;15215.3) (0.5?1 9) (0-06?.20-8)
CAHI-/h (o.g,ségs) (o.c:'cs};A) (o.cﬁ;n)
srllileilss =0 (0_0?3'30.0) (0_531'35_0) (o.ciSi g;.O)
CAlitotal AHI — % (o_oﬁ'go.m (o.c:,zig};.m (o.(:,zig;.m
el (0.0?21'517.5) (o.c?,g;ﬁ) (0-0%2;0)
Minimum Sa0, - % (43_%?';3.0) (50.?},6'1000.0) (40.2?'1500.0)
Mean Sa0, — % (78_%?.39.0) (84.%,3'1880.0) (87.3,3'1750.0)
Time with Sa0, 50.7 19.2* 19.9*
<90% — min (0.0, 458.6) (0.0, 344.0) (0.0, 268.6)

24 months
6.2*
(0.0, 46.4)
3.2"
(0.0,46.4)
40.4*
(0.0, 100.0)
12.8*
(0.0, 100.0)
9.2*
(0.0, 66.3)
86.7*
(72.0, 97.0)
93.8*
(88.3, 98.2)
18.0*

(0.0, 284.8)

36 months
6.5*
(0.0, 61.2)
3.3
(0.0, 36.5)
42 6*
(0.0, 100.0)
14.3*
(0.0, 100.0)
8.9*
(0.0, 59.0)
86.3"
(70.0, 97.0)
93.7*
(88.0,97.8)
18.8*

(0.0, 291.0)

48 months
6.8*
(0.0, 37.7)
3.2
0.0, 32.2)
39.7*
(0.0, 100.0)
13.4*
(0.0, 100.0)
9.9*
(0.0, 66.3)
86.0"
(67.0,97.0)
93.5*
(88.9, 99.0)
246"

(0.0, 278.0)
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Table 3. Incidence of End-Point Events.*

Event

Primary end point
First secondary end pointy
Second secondary end pointy
Death from any cause
Cardiovascular death
Hospitalization for any cause
Unplanned hospitalization for
worsening heart failure
Heart transplantation
Implantation of long-term VAD
Resuscitation
Resuscitation for cardiac
arrest

Appropriate shock

Noncardiovascular death

No. of
Patients (%)

335 (50.8)
317 (48.1)
465 (70.6)
193 (29.3)
158 (24.0)
448 (68.0)
272 (41.3)
12 (1.8)
10 (1.5)
19 (2.9)
16 (2.4)
65 (9.9)

35 (5.3)

Control
(N=659)

No. of Events/Yr

(95% Cl)

0.212
(0.190-0.236)

0.200
(0.179-0.224)

0.405
(0.369-0.444)

0.093
(0.081-0.107)

0.076
(0.065-0.089)

0.384
(0.349-0.421)

0.164
(0.145-0.185)

0.006
(0.003-0.010)

0.005
(0.002-0.009)

0.009
(0.006-0.014)

0.008
(0.004-0.013)

0.033
(0.026-0.043)

0.017
(0.012-0.024)

Adaptive Servo-Ventilation

No. of
Patients (%)

360 (54.1)
345 (51.8)
482 (72.4)
232 (34.8)
199 (29.9)
452 (67.9)
287 (43.1)
8(1.2)
16 (2.4)
25 (3.8)
18 (2.7)
45 (6.8)

33 (5.0)

(N=666)

No. of Events/Yr

(95% Cl)

0.245
(0.220-0.272)

0.235
(0.211-0.261)

0.441
(0.403-0.483)

0.119
(0.104-0.135)

0.102
(0.088-0.117)

0.411
(0.374-0.451)

0.190
(0.169-0.214)

0.004
(0.002-0.008)

0.008
(0.005-0.013)

0.013
(0.008-0.019)

0.009
(0.005-0.015)

0.024
(0.017-0.032)

0.017
(0.012-0.024)

Hazard Ratio
(95% Cl)

1.13
(0.97-1.31)

1.15
(0.98-1.34)

1.07
(0.94-1.22)

1.28
(1.06-1.55)

1.34
(1.09-1.65)

1.05
(0.92-1.20)

1.13
(0.95-1.33)

0.70
(0.28-1.70)

1.67
(0.76-3.68)

1.40
(0.77-2.54)

1.19
(0.61-2.34)

0.71
(0.48-1.04)

1.00
(0.62-1.62)

P Value

0.10

0.08

0.28

0.01

0.006

0.47

0.16

0.43

0.20

0.27

0.61

0.08

0.99
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Table 3. Incidence of End-Point Events.*
Control Adaptive Servo-Ventilation Hazard Ratio
Event (N=659) (N =666) (95% Cl) P Value
No. of Na. of Events/Yr No. of Na. of Events/Yr
Patients (%) (95% ClI) Patients (%a) (95% CI)
Primary end pointf 335 (50.8) 0.212 360 (54.1) 0.245 1.13 0.10
(0.150-0.236) (0.220-0.272) (0.57-1.31)
First secondary end pointf 317 (48.1) 0.200 345 (51.8) 0.235 1.15 0.08
(0.179-0.224) (0.211-0.261) (0.98-1.34)
Second secondary end point} 465 (70.6) 0.405 482 (72.4) 0.441 E— =
(0.369-0.444) (0.403-0.4 A Prirﬂaryr End Point
Death from any cause 193 (29.3) 0.093 232 (34.8) 0.119 1.0+
(0.081-0.107) (0.104-0.1 = 09 Hazard ratio, 1.13 (95% Cl, 0.97-1.31)
c .9+
Cardiovascular death 158 (24.0) 0.076 199 (29.9) 0.102 @ P=0.10
(0.065-0.089) (0.088-0.1 lﬂl.l;l 0.8
Hospitalization for any cause 448 (68.0) 0.384 452 (67.9) 0.411 S 07 ASV
(0.349-0.421) (0.374-0.4 2 o6l ’_'_/_,-r-"'
= .
Unplanned hospitalization for 272 (41.3) 0.164 287 (43.1) 0.190 © Control
worsening heart failure (0.145-0.185) (0.169-0.2 @ 0.5 e —
Heart transplantation 12 (1.8) 0.006 8(1.2) 0.004 % 0.4+
(0.003-0.010) (0.002-0.4 2 03
& =]
Implantation of long-term VAD 10 (1.5) 0.005 16 (2.4) 0.008 ERYR
(0.002-0.009) (0.005-0.9 g ’
Resuscitation 19 (2.9) 0.009 25 (3.8) 0.013 o 014
(0.006-0.014) (0.008-0.0 0.0 | | | | |
Resuscitation for cardiac 16 (2.4) 0.008 18 (2.7) 0.009 0 12 24 36 43 60
arrest (0.004-0.013) (0.005-0 Months since Randomization
Appropriate shock 65 (9.9) 0.033 45 (6.8) 0.024
(0.026-0.043) (0.017-0.0  No. at Risk
Noncardiovascular death 35 (5.3) 0.017 33 (5.0) o017/  Control 659 463 365 222 136 77
(0.012-0.024) (0.012-0.0 ASV 666 435 341 197 122 52

-
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Table 3. Incidence of End-Point Events.*

Control Adaptive Servo-Ventilation Hazard Ratio
Event (N=659) (N =666) (95% Cl) P Value
No. of No. of Events/Yr No. of No. of Events/Yr
Patients (%6) (95% Cl) Patients (96) (95% Cl)
Primary end pointf 335 (50.8) 0.212 360 (54.1) 0.245 113 0.10
(0.190-0.236) (0.220-0.272) (0.97-1.31)
First secondary end pointf 317 (48.1) 0.200 345 (51.8) 0.235 1.15 0.08
(0.179-0.224) (0.211-0.261) (0.98-1.34)
T 3% =l
Second secondary end pointt 465 (70.6) 0.405 482 (72.4) 0.441 1.07 0.28 é yE P73 ‘ j: ASV; ]\ £¥
(0.369-0.444) (0.403-0.483) (0.94-1.22)
Death from any cause 193 (29.3) 0.093 232 (34.8) 0.119 1.28 0.01 'ts ﬁ:Et ‘ el — b\ O T—-
(0.081-0.107) (0.104-0.135) (1.06-1.55) o = T3] -
o >
Cardiovascular death 158 (24.0) 0.076 199 (29.9) 0.102 1.34 0.006 N _[nlﬁ":.%t S¥2 :E, ASV =
(0.065-0.089) (0.088-0.117) (1.09-1.65) L B 2SS =
Hospitalization for any cause 448 (68.0) 0.384 452 (67.9) 0.411 1.05 0.47 A ~ =z ' - = 75 1—
(0.349-0.421) (0.374-0.451) (0.92-1.20) C‘ Blem N> Tz
Unplanned hospitalization for 272 (41.3) 0.164 287 (43.1) 0.190 1.13 0.16
woreenina haart failiire N 1450 TR5Y M 1A9-( 2141 (N 957 33)
Heart{ B Death from Any Cause o € Death from Cardiovascular Causes
1.0+ - 1.0-
Implar < 09 Hazard ratio, 1.28 (95% Cl, 1.06-1.55) o0 = 09 Hazard ratio, 1.34 (95% Cl, 1.09-1.65)
& | P=001 d § | P=0006
& 0.8 & 08
Resusd s 01 o
=z 0.7 d > 0.7+
Resusd 5 0.6 00 3 0.6
arr 'g 0.5+ ASY -( -g 0.5
= A= A
Approy t 0.4+ -_,_'-__’,.-—f"f 02 ‘:—} 0.4 SV
- =
'% 0.3+ _/—f"f Control - = 034
Nonca _E 0.2 /__.f,..—-"' 01 _E 0.2 Control
-q
S 0.1 [ | S 014
00 I I T I 1 0.0 I I T I 1
0 12 24 36 48 60 0 12 24 36 48 60
Months since Randomization Months since Randomization
No. at Risk No. at Risk
Control 659 563 493 334 213 117 Control 659 563 493 334 213 117
ASV 666 555 466 304 189 97 ASV 666 555 466 304 189 97
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ASV better Control better
Subgroup Patients ASV Control 'p-value for
totaln incidence per p-year interaction
SDOB (AHI events/hour) 077
<30 697 0.252 0.214 -
=30 627 0.236 0.210 -
NYHA 0.55
=1 389 0.180 0.144 ——
=l 927 0.277 0.248 E =
Etiology of HF 0.90
ischemic 756 0.274 0.242 -
ather 5230 0209 04175 =
CSR 0.006
< 20% 237 0.174 0.270 ——
20-50% 439 0.239 0.172 -
= 50% 490 C_! 304 %4 —l—
Age (yr) 049
<70 590 0.215 0173 -
=70 735 0.272 0.247 -
Gender 017
male 1198 0.250 0.223 L
fernale 127 0.205 0.121 e
estimated GFR {ml/minf1.73 m2) 0.29
<60 686 0.327 0.313 -
=80 580 0.165 0131 -
Beta blockers 035
yes 1223 0.243 0.207 L 3
no 102 0.269 0.208 ——
BMI (median split) 027
<28 648 0.287 0.230 -
228 AALL 0203 0194 =
LVEF (%) 0.06
<30 326 0.459 0.313 o
=30 743 0.178 0177 -
| | 1 1 1
0.2 0.5 1.0 20 5.0
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ASV better Control better
Subgroup Patients ASY Control —p-\.ralue for
totaln incidence per p-year interaction
SDB (AHI events/hour) 0.20
<30 697 0.105 0.070 -
=30 627 0.097 0.084 ——
NYHA 0.47
=1l 389 0.067 0.058 —_——
z il 927 0.118 0.086 -
Etiology of HF 0.30
ischemic 756 0121 0.008 - 9‘_ T — \/Z I\ _7 Zu?[& EE—;— 6
4l Fa") laWawiel falal=4al _._
| BAEL EF<30°/ DEHTIE
<20% 237 0.081 0.103 —a— e 0 e
20-50% 439 0.097 0.081 ol ASV A ‘ LJ lL,\_[ﬂl EE t ﬁ ‘
S0% 490 0122 00a2 = = S— ~—
" T B RHBENBO SNL
<70 590 0.083 0.054 —— =) At b
=70 735 0.119 0.097 -
Gender 0.35
male 1198 0.106 0.081 -
fernale 127 0.067 0.033 e .
estimated GFR (ml/min/1.73 m2) 0.68
<60 686 0.139 0.115 -
=60 580 0.059 0.045 ——
Beta blockers 0.08
yes 1223 0.104 0.074 -~
no 102 0.074 0.110 .
BMI (median split) 0.95
<28 648 0.126 0.085 —
=28 560 0.078 [&BO —.—
LVEF (%) 0.01
<30 326 0.196 0.105 ——
=30 743 0.069 0.066 ——
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Table $5. Sensitivity analysis (censoring at HTx, LTVAD or shock)

Control (n=659) ASV (n=666)
Incidencelyear Incidencel/year
n (%) n (%) HR (95% CI) P-value
(95% CI) (95% CI)

End point (without prior life-saving CV intervention)
All-cause mortality 161 (24.4) 0.084 (0.072, 0.098) 195 (29.3) 0.105 (0.090, 0.120) 1.25(1.01, 1.54) 0.04
CV death 131 (19.9) 0.068 (0.057, 0.081) 165 (24.8) 0.088 (0.075, 0.103) 1.30(1.03, 1.63) 0.03

Table $6. Sensitivity analysis (censoring at HTx, LTVAD, shock or resuscitation)

Control (n=659) ASV (n=666)
Incidencelyear Incidencelyear
n (%) n (%) HR (95% CI) P-value
(95% CI) (95% CI)

End point (without prior life-saving CV intervention)

All-cause mortality 152 (23.1)  0.080 (0.067, 0.093) 183 (27.5)  0.099 (0.085,0.114) 1.25(1.01,1.55)  0.04

CV death 123 (18.7)  0.064 (0.053,0.077) 153 (23.0)  0.083 (0.070,0.097) 1.29 (1.02,1.63)  0.04
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Limitation
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プレゼンター
プレゼンテーションのノート
OSASの患者の方が左室後負荷が上昇するため（収縮期血圧の上昇と胸腔内の高陰圧により）陽圧換気により得られる効果が高いかもしれないが本研究はCSASを対象としており、適応されない
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Ongoing study

e A Multi-Centre, Randomized Study to Assess
the Effects of Adaptive Servo Ventilation
(ASV) on Survival and Frequency of Hospital
Admissions In Patients With Heart Failure
(HF) and Sleep Apnea (SA)-The ADVENT-HF Trial
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