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Central Sleep Apnea Syndrome in Patients with Chronic Heart Failure due to Left Ventricular Systolic
Dysfunction: The Role of Nocturnal Oxygen Treatment
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Fig. 1 Human sleep has been described as a succession of five recurring stages.
Four non-REM stages and the REM stage. The period of non-REM sleep (NREM)
is comprised of Stages 1-4 and lasts from 90 to 120 minutes, each stage lasting
anywhere from 5 to 15 minutes. Stages 2 and 3 repeat backwards before REM sleep
is attained. So, a normal sleep cycle has this pattern: waking, stage 1, 2, 3, 4, 3, 2,
REM. Usually, REM sleep occurs 90 minutes after sleep onset.

Fet vy —hHik N, EIRFOWNIE L EE O, —
e RN DK - LGB SR SN D X912k 72, Bl
1, TAVATIE, MEREMOBHEIT IS ST
W3, bOENIBWTD, EIUIERATE 1996 4F20 SR
BT OXEEZT T, [ HEATGISBT 5008 2 R o
PRI BI 3 2R AM9E ] LW BFgedEasiaR S, RIRA:
D & MEIRBE N A M E o7z, FRBUIERS
NBH, KEFHEIREFHEAS X IND X128, HEIR
W T M DB AR b M 2 7.

—7J5, WA O R LB IO B IO —
BRBTTWD. TR, OASHRICBALTRAISH LW
SRR SN TS5, TOA ML KHBERE T
FAETIZIEAE TH o THRRMITITH L DT <D DT
v, EXADBEILIIR ST, AR RE & IR
B (SDB) &%) ¥ LTHEY, BHWITIRERZEL
FTHMRICHHEV) ZEF U ADBP LIS TERY.
SDB 335 R G 19 b A& ] MNP 2 #k ) R 9 2 2 X oT D
72O SNBMHEA ADZEA, RHE, ik, imi7Ehg
2 RLAYY ) EIROE DT % L 2 4 L TLA L D95k
W55, 22T, LAZOH LW IEEYHHEE LT
SDBIZxF 3 A HEHATER SN S X )2k o7z, RIFTIXHE
IREEICHE L COMM, MERREEE L OARELEDD0DY,
ZLTOARE OIS 155 O RE Y & T Ik R I 4 -0 i
BEHOMEMTETLDEH) LT,

BRI HRAR
ERNC XD BEIROFRIEIE R 5725, BB 2D 72 1EH

2 ] Cardiol Jpn Ed Vol. 3 No. 1 2009

Cix, 90-100 45 Ao 2 kA 7 v A b5 (Fig.
D. 73, kS50 &R E R IRNE 2 7R 3 75 15 MR
(slow wave sleep [SWS], /L&) HIZX-TIRY 255
BEINL, ZO@5LDELMBEIIRIAIRD 1I2Dn7=2
ERBERL, ZRUSTRIGLT, (Oing, MR, A, I
JEAME TN 3%, ZORBICIIBERVEY OGP EAT
RO THERAREAER, TIERIEIERT S, LT
BOLW) DILMITHRIRD COMEHZE WD, v L AREIRIC
FENT LA Z 5 (W FLIEIR [paradoxical sleep, PS].
ORI, IR ZBRWTTRTOMAIRRE L 72 IREIC
HYHRIES 72D ELTWEDS, BOT CTIRIRERD RS
CEIWT WA D Trapid eye movement (REM, L 2) [
REMIIN S, LAMTE, REOEE, HE %8 15
HOLH, REBIERIEE 2 )5, B AR5
MR 7288 — 2 2R T7285, S IRDLHBEROHA
(BLE RS, BB OBENIIEAL R L->TEY, &
ROMERE VD) T &R 5. IR, WU, ez & BEH
BARREDSSAHINCZEIL L, ZoRNIZ MR oFh S S
5720, AAMEROREEDITFIENS. VAMEIRDSIEAE
L, COMRR-Z2FMIcAEZAEZ LTI TN,
IV h s LA BEEE NS Z L% {—MT4-51l#D
L7 ETRETAERMLARDERLDOTHSD. LA
BEOIEH OMERIZO AT CTRE SN S, E 7R R
BHEBEIC Ko T19974E12, D ASETIZ U o TAE 7 HEAR
LI TONIZ. COPRANL 1995 4F F EBERA IO X,
&E D520 20 OB L2800 (2054855 80
T, 107%HREI &8 2004492) 4L, Pittsburgh



Sleep Quality Index % w72 IR IR 92 4 HE o A4S 2T i 2
W&o TiTb7z, 187140 SHED RSN, AHRIE (in-
somnia: INS) 28B4 T17.3% [AIRREE (difficulty initi-
ating sleep: DIS); 8.6%, H@F R (difficulty main-
taining sleep: DMS; 12.9%) 1, #&M:T21.5% (DIS; 12.6%,
DMS; 16.2%), MEIRDEDHEE (poor perceived quality
sleep: PQS) ¥BMED17.8%, D 20.2%cA BN, [FHIEE
DESNII NS A DM E 2 TR T WD LD WS
Mosh”.

ERIREE D4R

BRMZIFTEIERLLTBY, Wl 24 KK
TLEALRG. AT =Ry FREH %R EAR) X A
EPCETLEBZENSREILE LTS, ZOX) RERE
SO CTHEMREEEIIBADOR S @ RIEE 2 > TE 7.
D ELALNDEHDIE, IRNBWAIRAE, IRY#E X 2#EIR
JiE, RNEEETOFRFHDIE AR ZAHBEO) XL L
VIEWEAELTTLAMHEETHS. LaL, BEDDED
MEHR 2 D F MRS T W B MBI E O 5 I Z I EH
Mz dOTIEZR . 1990 4F I HAREIR 2 H 2 LU CE R
A SN 72 ERE 5038 (International Classification of
Sleep Disorders: ICSD) 12X %2088 HHIIK5RY
(Table 1).

EERDXAHN=XLr

19094, FHMEZEHEM R (Bl ERY) ofa#HE
FLUIRZ RARSE 2 (WR) IREEIZE 7z R TR
WAL TIE®OROBMMNITEAT S LIRY A FFES I
5T EERD, HYOREREFEEIZZOX) 2 IERYEIC
IR SN TWA I L E MG L. 0k, 79
v A®Henri Pieron b M 37 L CRIBED FZER % 1T EIR O
PERH O REMEZ R L7z, LacL, MERIIEIR O 2
TE R A BEAL AW L 53T B 112 R T 2 D R
PP DOIARIIBH SN EIN B Z L3 h o7,

A% & Pieron @ BRI 22 52 5 72> & 2P il A%38 721960
FRICHRST, COMERMEZFEL X9 &) ilAap it
HTihE o7z 19554F, UK GARRFEIZ TH -7 A1E
IERRBNMER L) —HORERE AL, Dok, Zohf
ek BT Tz FRIS, SR E R > TWenidT 7%
FY B2 BRZRMEZICI-oTERSNLZTORAY TS5

EZENEA2ZHT HBREOFLBEICH T B PRI ERIEREITREGS | REBFREOMED S —

Table International Classification of Sleep Disorders (IC-
SD).
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Fig. 2 Effects of PGD2 on sleep patterns of rats.

Amounts of solw wave sleep (left panel) and paradoxical
sleep (right panel) in 2-hr periods are plotted. The sleep
pattern of the control rat (open circle) under continuous saline
infusion into the third ventricle was obtained for 5 consecutive
days before PGD, infusion. PGD; in saline was infused to the
rat for 10 hrs (19:00-05:00) at a rate of 0.6 pmol/min. PGD,
increased slow wave sleep by 33% and paradoxical sleep by
56% (closed circle). Open and closed bars indicate light and
dark periods®.
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Fig. 3 The characteristic polysomnographic patterns of
the two sleep apneas.

Obstructive sleep apnea is a condition characterized by the
absence of airflow in the presence of rib cage and abdominal
excursions, and central apnea is characterized by the
absence of airflow with absence of rib cage and abdominal
excursions during sleep.
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Fig. 4 The slopes of the ventilatory response to carbon dioxide in patients with and

those without central sleep apnea.

Individual values are shown for the unadjusted slope of the ventilatory response to

carbondioxide and for the slope as adjusted for parameters indicated below ™.
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Fig. 5 Urinary norepinephrine levels in CHF patients with-
out sleep apnea, and those with OSA and CSA.

The UNE levels were significantly greater in the CSA group
compared with the other 2 groups which were not significantly

different from each other'.
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Fig. 6 Kaplan-Meier Curves in CANPAP study.

An early divergence in survival rates without heart transplan-
tation favored the control group. The authors suggest that
after 18 months the divergence favored the CPAP group,
however, it appears difficult to draw this conclusion because
of reduced number of patients at this time®.
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Fig. 7 The representative tracings of Cheyne-Stokes respiration with central sleep apneas in 43 year old male patient with

ejection fraction of 26% and NYHA class Il heart failure.

Left panel: waxing-waning pattern of airflow during hyperpneas and absence of thoracic movement and abdominal motion during
apneas indicating their central nature. Arterial oxygen saturation fluctuated synchronized with respiratory patterns. Right panel:
abolition of Cheyne-Stokes respiration with central sleep apnea after 12 weeks HOT treatment in the same patient. which was
accompanied by an increase and stabilization of arterial oxygen saturation.
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Fig. 8 SAS values of the two groups measured at the time intervals of 4 weeks.
Initial values were almost the same in the two groups, 4.0 and 4.1 respectively. Though these values
remained unchanged in the control group, there was a progressive rise in SAS values in the HOT

group, the differences between the groups being statistically significant at 12 weeks
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Fig. 9 The time course of the SAS scores during 52 weeks in the control (open diamond) and the

HOT groups (closed circle).

There was no significant difference in SAS at baseline between the 2 groups. The analysis of
covariance using the baseline values as covariates revealed a significant overall improvement in the
HOT group compared with the control group (p =0.009). The difference in SAS between baseline and
52 weeks was significant in the HOT group (p =0.002) consistent with a treatment-related increase in
daily physical activities. While the difference in the control group was not statistically significant.

A7 (NYHA class II, 16 vs 20) EfFFHN7z720,
WHD3IHARITELDAXRY IRFEAELZZEICEBEEZ
5NA. FEBIZ, 3HHLUBED A RS M EERIITHEETO
BITH 72D LTHOT HETIX3BITH -7z

DEDF RS, 2P OAN 4T CSR & HHKE: e iR iy fi
W0 2 A7 % V0§ B K DB R FEHREDS,  FEIRO
HEBIR MO M RAEZYEEL, AR e & R0
DEDYEE B 72HTRIERMNF BT 2 Liftimm Sz,

Vol. 3 No. 1 2009 ] Cardiol Jpn Ed 9



50 +—

» Death for heart failure: 0
40 » Sudden death for arrhythmia: 1 —
o= > Hospitalization for heart failure: 7 .
8 é » Continuous decrease in SAS*: 1
So Control group (9 events)
5 qc.) 30 4
£ >
o) |_| I
29
T 5 i —]
E g 20 HOT group (8 events)
S f_’ » Death for heart failure: 0
oo » Sudden death for arrhythmia: 1
10 — » Hospitalization for heart failure: 7
> Continuous decrease in SAS*. 0
(*SAS: Specific activity scale)
0 } } } } |

0 10 20

40 50 60 (weeks)

Fig. 10 Cumulative percentages in individuals with cardiac events in each group.
There were no statistical difference (Hazard ratio for cardiac event, 0.78; p=0.619) in incidence
of cardiac events between the HOT and the control groups.
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