Sleep Medicine and Psychophysiology

2ol T H AR T7(2): 75-84, 2010
HHX AT
SHZOIN «EhutiIrEe| 20|
Cyclic Alternating Pattern : Implications for Insomnia
DI
Jaegong Cyn
B ABSTRACT

The cyclic alternating pattern (CAP) is a periodic EEG activity in NREM sleep, characterized by sequences of transient electrocortical
events that are distinct from background EEG activities. A CAP cycle consists of two periodic EEG features, phase A and subsequent
phase B whose durations are 2—60 s. At least two consecutive CAP cycles are required to define a CAP sequence. The CAP phase
A'is a phasic EEG event, such as delta bursts, vertex sharp transients, K—complex sequences, polyphasic bursts, K—alpha, inter-
mittent alpha, and arousals. Phase B is repetitive periods of background EEG activity. The absence of CAP more than 60 seconds
or an isolated phase A is classified as non—CAP. Phase A activities can be classified into three subtypes (A1, A2, and A3), based
on the amounts of high—voltage slow waves (EEG synchrony) and low—amplitude fast rhythms (EEG desynchrony). CAP rate, the
percentage of CAP durations in NREM sleep is considered to be a physiologic marker of the NREM sleep instability. In insomnia,
the frequent discrepancy between self—reports and polysomnographic findings could be attributed to subtle abnormalities in the
sleep tracing, which are overlooked by the conventional scoring methods. The conventional scoring scheme has superiority in an-
alysis of macrostructure of sleep but shows limited power in finding arousals and transient EEG events that are major component of
microstructure of sleep. But, it has recently been found that a significant correlation exists between CAP rate and the subjective
estimates of the sleep quality in insomniacs and sleep—improving treatments often reduce the amount of CAP. Thus, the extension
of conventional sleep measures with the new CAP variables, which appear to be the more sensitive to sleep disturbance, may im-
prove our knowledge on the diagnosis and management of insomnia. Sleep Medicine and Psychophysiology 2010 ; 17(2) : 75-84
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3. CAP 9I¥AE FY¥ote =Y (Terzano¥} Parrino
2000 ; Terzano s 2002)
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S35k (delta bursts), 8% o3} (vertex sharp wave), 7l
o|&8taH(K—complex), THHA =9} (polyphasic bursts),
Alo)|gstak(K—alpha), 7+d2] <3}t (intermittent alpha),
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Fig. 1. An example of cyclic alter-

nating pattern (CAP) in a sleep
stage 2. The box outlines a CAP
cycle (C) composed of a phase
A (A) and the following phase B
(B). OCULOG: Oculogram, EKG:
Electrocardiogram (Terzano et al.,
2002).
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Fig. 2. A long stretch of non-CAP in - RySai R

a stage 2 sleep. EEG in channels | —mm4@™MmM8M8M

1-4 and 6—9 (from top to bottom) . 1 e B

correspond the channels 1-4 and

8—11 in Fig. 1, respectively. O-N P-

NG: oronasal airflow, THOR PNG:
thoracic pneumogram, TIB ANT R:
Tibialis anterior right, TIB ANT L: Ti-

bialis anterior left (Terzano et al.,

2002).
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4. CAP H{(CAP sequences) T

CAPE= 1AS} o]ofA] Uoi= 1B7 el 715 o
Fo] wHE FREhs BAE w) wiiel AR As)
o BE Fh: T2E ©)Eth CAPo| 60% o1 vie}
U] ok= 7R HICAP (non—CAP, NCAP) 0.7 7153
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A HE 1 Abo] T NCAPo] =& Holt}k nlzA]
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CAP w92 v|glgrdelx] Alzkste] slaewo] Al#ke]7] 2]
Aol Al #ick W uke] vlszsrt 5490 sl o
ko] EAOF Qlste] SFAS FAFst FES] HuG3o)
Hept ke o]Fef 3, 43to] FA| A& vlExs) ¥t
E& Qleto] CAPFVIE 74 47t §ltt 1922 19
oA CAPL 9] 2 E=A1E 57} qlek. 2oy sirwet
e FAFEFOR Qleto] RHEAQ] W EH|7F 603 T
uko] F7]2 YeRdthE CAP Hid=E Q18 &= 9ok
229 ¢l (movement artifacts) = CAP #jdS &
PIE skal 28 A7I7|E st S8A L Ad o] 2419
157} lefebe 60% mvtd 9= CAP FEo= ¥3
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% £3k(fast wave) 8] “dtfu]&o] ofge] EFHI|EOE A
S¥cHI™ 3).

Alo}8d—5%3} ¥3l7} S-AlskAl vehdth A4 94A
717ke] 80% o3 AA gttt HeREwy), Ao Egy), T
A4 oz, oy Euelh FE vehdct

A20F8 - atel A a7t EXEo] Yepdtt vlE33g)
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Fig. 3. A CAP sequence including
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all subtypes of phase As (Terzano
etal., 2002).
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AlelA A3E ofFo] depile] we} Huh= ‘Erﬁ] qo=
A3} o] et A 7RIt AS B
o Stk 54 M7 2E AEE ofd FEEe
AHEAZA Bt Hol= Mutgo iy Frefil Al
A G0R Rlato] FRHEA7A 2y EE &3k o]
E77HA] dAA o SAIARl G438 SAE Kol d
of tiato] thaat 2> AWE Alws] & 4 itk Alot
2 vlETES gYsta fAshsd #olshy] wiel ¢
o] A5 AAk ek AEs T vk & gl
o ZMAPE adEths FEs A sk adE
wItka & 4 glek o]e2fgt o] = Qlste] Alopd Wb
ZMd (anti—arousals) ' °]2}al E2A|7|% $cH(Hirshkowitz
2002). Whde] A2, A3l 4 “"i% +HlekaL tin|st
v el Fofspy| wlitell AdatA e dEE Eole
#of b= s gdditta & 4 olrh Ak 22 olf=
Qlato] Alobee nlgle] ghitel S-AakA] LR baA]
wute] Fxsks HAskal A skt #ofshAl Erk(Halasz
5 1979 ; Ferrillo 5 1997 ; Terzano 5 2000). ¥bd A2,
A30F & HlglrH o] Snbel] =2 vehbiA sx3he
| ots-& 1WA BlExsle] Z]ojahAl Hal o] &
tah= gl wiE kel 7PA F=nlAXItH(Halasz &
1979 ; Terzano & 2000). 38 g2l NCAP+ <
W A5e] 20k FHoA A dERdT B EE

Alold2 AFPolv ATl T2 Aol =i A2,
A30FdE AT FH4, SFAIA T2 vERdtt
(Ferri & 2005). th¥-2l9l oldEd¥e] #Al= =dE
(Low Resolution Electromagnetic Tomography, LOR-
ETA) 48 &3t A7dM® AFE vk 3ok (Pascual—
Marqui 5 1994 ; Pascual—Marqui 5 1999) (719 4).
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T BERe) fEgroE ATl B B BA

AL A oloA L A B TRE FARl FHuAR
A7) At daE S Sl Sl 724 g
Ag 7HA At B8 AHEY BAojehs = E AR
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Fig. 4. A : Descriptive layout of EEG synchrony in 82— =
all-night sleep according to the model of slow wave | pEM L
activity (SWA). The schematic behavior during the
first sleep cycle (white star) is illustrated in detail in S1
b. B : Enhancement of the EEG activity shows that 23 07
the synchronized portion of the sleep cycle consists Time (h)
basically of repetitive episodes of Al subtype and
the following phase B with an incremental track of
slow high voltage activity until the peak of EEG syn- Al Al Al A3 A3 A3
chrony is reached. In contrast, the portion of the B B B B B
sleep cycle that introduces REM sleep is mainly ( (A (‘, annfA N "
composed of A3 subtypes, that induce and main- | ~nawn L’]ﬂﬁr J | wJ'U WWUUU U U Mm U Vs UL U rnnnnn
tain a progressive EEG desynchrony (Terzano & NREM o REM
Parrino 2000). * -
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7haA RFEOAE BT 4] B B 5 Tk 71,
YR B A AFER oju] I Foldl FHz}
ol G 714 S 3 AEHA, A, A 2
53 22 A9l 28R o] x| G vAA ¥
R RE FEo = 71E0 & A53)en FHs
Wiz} 7144, JalA, 74 W) 2l Thef| o] FoA =
A &AQ1 e} A-gof oJsto] AT B 4 Qlok
7.4y, 2 21 CAP
7Y (arousal) & AAHARQ] FHH I E E5HA e}

U= Aotk (Boselll 5 1998). ZHd 9] dxtAel /de
Fo A Ao dojubi= Az Bwo] HA|TE A=A

AollMe wke] nlgzsiel Ay dgos & 4 9l
o ¥ute] vlszxsiel dHE g vlmgaidel s

=z O

]
(American sleep disorders association) 9|4 7]+2 g3t
wj Riedo] A FurEr) wek= Haigzl 103 o
4 Uehhs A9 W e 7o w AsHAl E vk
(1992). o]2fgt 7o Erpd depsdvh Aol &gt}
AE A = Fue] A HakEso] Hak e V)
woll A ok A1 8] mEnket 4 opd et
e olE§ Mg WatEdsE V)&l ¢ EVJ 77 x| 5}
S Bofo] k=3 shANE i A|, 8, A
Al 5] GAstel A o] Qivhs AMLS 0131 AtellA] A
A&t It (Hornyak % 1991 ; Ferri 5 2000 ; Sforza
% 2000 ; Poyares 5 2002). oJ® B &4 3}(activa-
tion) sh= &ol7} ZMdolete &ojrtt ®Hrh He ol
2hal o g Qlk B8 skl dE HukEEo] sYe
T2 &3t o] U= AL otk & i} 313117]'
A Yehks 243 HaES &
ARl WEs xHshs v 7 7
THAE B} &lof| gy FF52
5 2 Ag2AEA0 HE

rJ

o
o=
Ex3ke} vlE

HolFE Zoletn & 4 9

2000).

vsagel g slolA Hakz el st 7S AgE
Rh el A errddat dvsto] el Jue
wof gir}. ey o= AErbAe] MR A
Aol M= FhE7] wite] FAAQ Ao rE HA} vho}
941 itk (Halasz 1993). @ekza), Alo] 5§t A
ol T AN Eo] = Aol
el BE e 2493} Hukad o] Ayl

SUS0M =etutiuigel ofn|

rolgta & ¢ ik opbs CAPZ= AL £He =
FgAo] Huteh= P4 FElA BEH Yo AR
B g Qink Jus 3, FASAT vl 3, AR
7ol dojub= Y T FHol 7ML Q= o5 Fold
Al Bt s delslae Axgas & 5 Qlvk
(Terzano 5 1985). o]9}= Wl NCAPE= &A1} o]
e Fo)7] wite +He] e diEshe FEolgka

3l 4= 011:].

T-ellAl QLE'SV]TH 214
2 7Pk s Hask ﬂli‘f(Brum 5 2002). gE77]
o] Aol d7IEY i 2 CAP H&S R (Bruni
5 2005).

Aot glelr ARt Ao s AT

2F(Diagnostic and Statistical Manual of Mental Disorders,

DSM) & 7|52 EdsS Adstd FaAlzoly 4=
WX reto] s WA AEEAY $iF v 510
sk JA| A &Eo]of 7153 (American Psychiatric As-

sociation 1994). ==t Alte] o2 A, A el |
AR A AY, Y 2 AA, obdd S e] Ho)
HABA| Qb= Ao] Bz 9 Z=ASo6]tH(Ohayon
2002). vl= Ao AREe] 542 Busat Al

Y LA = )
Agkte] PARS AUAA BEHRE Aol o8t 4
gl 7118 A S 9

= 7otk = Agte] el vy FAE
A Be srvlgare] datel s Ade] =
Uhe 2A7F =2fuA] |vk. 53] A3} goelre s
= =ePgolY Egellell olAbA o yehe FAd
Aow W ZA97h Stk e dds] Euss A
g, ok, 28 AdHl Svhs Adgle]l AR vehd 5 gl
o lﬁii Aol Ak EUFoR zido] dck #A1d

W= (psychophysiological
insomma) T HALE) 21R] 9= (sleep state misperception),

Z (idiopathic insomnia), ¥4 +HIA 5

12 0
& BT Tase] HUsIn

m{
r

3t} (American Sleep Disor-



ders Association 1990).
52 o] A2k Fol7] uliEe] uls dEl

M

2 AWSAG FAW] B Folol ek 357t &
S, MEAG Al FEGHS dohit e g
SR AnaQl 273k Jevt 2 5 drks 9ol
otk BWE BASS FEART), FE F AYe 34,
F5WAZ 5 Hashed gold A WIshs 3
o] Zel7] WEe] FuA wisl SFUGAAA At

1976). olejgt o]f= <lsto] vkl L ¥l &9
W A AdE EE e AAPRY 7 Al
3h= =¢o] A7]% 3} (Chesson 5 2000). o]g% F
AR Bl AFARl 28] 7t Alet AL 71Ee] A
SARI HAREEA o] EFelA] YEh = HHE o] da
A

A= ZropiA] ok 2 Wit 5 3lvk 20~30

(Merica 5 1998 ; Perlis & 2001). FE3h BHZo)x
AR, AEE wdRIAGA B, FEE 5ol SIS &
Al Hol7| wjiTol] AFAZFo] S8 AdE|, & I
A9l oo Aty B 4 it (Bonnet? Arand 1997).
EE vl ds] Y wuzb] 712l REEe 24
& A¥slshe o] Y AL oyt AT 55
ol AE o] EsHA Yehe 2SS XEdlslo] ofe] 4=

JtH(Terzano & 1990 ; Terzano¥} Parrino
1992 ; Parrino 5 1997 ; Terzano 5 2003). A7
Aol Aapgkat 2dtglo]l CAP HIE©]

w2 A3E Btk v E ekt A8 E
o] o] s4d¥ A-foli= CAP HlEo] 2

;O

¢
d

Yo
mkm;ﬁglo

N
B
ol
FIF
@
alu

F U (Terzano¥} Parrino 1993 ; Parrino®} Terzano
1996 ; Parrino s 2000 ; Thomas 2002 ; Terzano &
2003). o|glel = CAP Bl&¥= e WA 0% FHY IS
dqEslstel BT dAE FUEHS HT A% FopHs
% AtH(Suh¥} Park 2007 ; Sim¥} Yu 2009).

9. £OHORHA AIE=M2 CAP

MY BT T &8] e A1 A
g4 &Fo] FgHo] vepd ZorE Az & S itk
(Terzano®} Parrino 2000). AL AFAH Tl &
Soll FZA=5 Fo] CAP Bl&S S7HAZHY FHiE
o] T7FHA AdSkErolE skl FHA £l ol A
atE 3 o 1 Desel] oS Hargk 9k SISt
(Terzano 5 1990 ; Martin 5 1997). ©]% ¥ CAP+=
o v A el AA Uehks @0 EE &
UL HofXinh AGst 70 CAPx U 5 A3 &%

g op MM
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FIF
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