FERRZERE] H25 (2000410 A)
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e
B R /KL B O Dl R~ RIX T R & K PIRIA

K OKHFEENF DLEX

g e

I.1XC®HIC

V7 )z~ a ViR, EERER OB EGBHORBEEL BN E L TKPEBZTY
AOIEE WS, KEELBBERLZE-RVTVS, BEORRIIELY THER, HikEK
FIZRE LRI RIS E C 2 B AEORIRRCAER G £ 0REO—2ThB EEL LI
Tws U, 2oLBEEOELIEE2AKICRELTILET 5 (EERAKLE, Apneic
Facial Immersion:AFI) 7ZJ THAEUL B Z &b, BHEIRKRRE KFEBRIOAT 4 H/VF
2w L LTHIBET S 2 LOLERSUTATNS Y, LivL, AF 4 AFzowr el
THMTERT 51O HERHEREILRE B STV A b Tidkwy,

BRI EDZ L 2ERELT, Ya— b Ea—%R2 N5, AFT OLRMLE R~
RETHEBEF2 RBERCESOTEBINGER L, EEBOKTRER UK ERF O
LDEX EOELE OISR ERY . KFEBRIOAT 4 IV F v P & LTOERIBAKR
BRO FTREME 2 R LT,

I.AFT OLEK, MERCIET R ZE~RIETE

A DER E fEA~RIE T RS

AFT B> D3 (HR) O RS IC >V TR B shtatna P8 chsomg o
REIFL SR THRIZETL, Z0BTORERARSMENEEREVWE L P RoRES
T B L7 (Breath Holding in Air:BHA)RFRC Y =/ — 7 A TREE % LN 5EmEAK LK
(Facial Immersion Breathing through a Snorkel :FIBS)#i X v LR kfbORBE T RE W2 &

B9 iz —H LT B, CORRESIXRITERTHEETOBAL LEICELTRI
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BELZOEDY EVORBEIZOVWTHRENBRYBENTWD, £, LEREORERAL (%L
L BEEADIZ L - T h AFT BEOBRIRO KX S 1z R4 5 BIR Lh o oRAAS LY kX
BRIRE AT 5 DOV TR ERERO—BITH bR TH RN,

BHA B¥. FIBS F¥, 2527k (Whole Body Water Immersion:WBWI)HEFR (X AFI BF o IfLJE (BP)
DEBICONTHEE L BE S TS LB 20 & 04 Td BHA B, WBWT B,
Va )= VTRRETVRR G ORRKEER O AFT BIZB\WT, 5@ LU THERGHE
BINdZERHMEINTWS, £, KBOBWERFORERIS L RENWT L H#HEX
NN D BB, X b UL (SBP) & bt L CHRIRMIMLIE (DBP) D528 X 0 K& < LR
% Z &% BHA O T Nakahira & %8 B&J15 DAL L THY . WBII O T Hong & I
BBELTWD, E7c, Fagius b 913 HEORE % BB EEH OB K HHE LTV
5o

B1eRIWCEFOERT —F &R L, )1 IXERENO RN T 5COAK~ AFL 24T
o> Te KD LER (ECG) & BP ODEBN D —fFITH 5, L BFERIL B3 HHE TH o BB FOBET
B & A>3Z ECG @ R-R [EIRRITIER (HR 13X F) L SBP, DBP &b EH T 2T RBEIN S,

Start End

& 5

5sec

Fig.1. A sample of record showing the variations of ECG and BP during AFI under 5°C
water and inhalatory stage.

LI BRAFB 434 {29. 048, 4 B (EBME HAF R ZE) } 2 Xxf& L LT, 5C, 15C,
30°C D 3 DOKIE THREEAL & FEEAL MEENBRKBOE D IRIE) TTE 57T R AFL 217
o To B (b 513 43 B ORRA B L&) O LHRIE O A B % 7R L7z, HRmin 1 AFI BF TR L IER
L7z 1 a0 RR FR X VRK®7Z HR TH Y. %HRmin IXZLFRIF HR 12%3 2 HRmin OFEXE

{ (HRmin/Z##F HR) X 100} T&H 2, HRmin IZFMEPFERAL T, FEEALD 5°CE 15°C OE D L#g
EERWT, KBOEWREO G B HEEBICEVEEZ R Lz, %HRwin i, MERAL T, X CTKIE
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DIRNEED FRNAEBIAEVMEZ R U, FRALIZESW 2B Tk, 5°C, 30°C TR L
® HRmin X O%HRmin (Z B BRZNEL R Do 723 15CTHEMEH & b AN O F B A BITEVE
Tho7, HRmin BAKIEIMENIE ERIRIEAS K E W RIZOWTIZEITHZE S BR LT
ERWVAE, IBCOREMIIBITI2HRRIEORESICOVTIE, BMEMOEWIZ LD
Hering-Breuer KATEBIDEICM AT, = D/KIRETHR TRIMEARHEICKE < 25 2 L 1530
BEELTWAEEbirsd,

Table 1. HRmin and %HRmin during AFI under various water temperatures and respiratory

stages.
HRmMmin
Inhalatory Stage Exhalatory Stage
5°C-AF1(bpm) 42,2 +12.1 40.9%+12.1
b33
15°C-AF1(bpm) 45.7%+10.4 2 2 % B 43.5*11.9 333
$53 :l b2 %4
30°C-AF1(bpm) 52.6%11.0 52.8+10.9
%$HRmMi n
Inhalatory Stage Exhalatory Stage
5°C-AFI (%) 58.5X17.0 56.9%16.2
$% b4
15°C-AFI (%) 64.6%16.0 2 S B 2 61.6X17.4 t13
$xx b2 34
30°C-AF1 (%) T75.0%15.8 75.1%£14.9
AF|:Apneic Facial Immersion %:p<0. 05, t+:p<0. 01, ¥+x:p<0. 001

N=43 Values are means=SD.

F2WHRINR B LOFEREDS L, 30 BULDOIEENRTE T 31 LOREAB L (FREAT
X 14 @ BP BNBEEURRE Tdh - /=728 30 4) o AFI30 # B @ HR{3 ¥ &EKE L7~ R-R RfE D
PIHED &R D= FH HR, HR (30s) } & F DO WD BP fE K& T8 30 #>R > BHA 24T - /- H#F D HR(30s)

LBPEAR L7 3, HR(308) 1o\ Tk, BEWEALD BHA Ti, LML h# LT, HER
ETAL LR, AN TIEPRETIRA LN ODFE R KRBT 2T, ZHiE

Trving3? % Openshow & 20 & FEEOHEE LTV 5, AFT BTl 30°CREENLI & BV o3~ C
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DEHETHERIEWEEZR Lz, FmMFRAIZES\ T, BHA BFO HR(30s) L T, 5CE&
15C @ AFI BOEIXFREICE» -7, LaL, 30°C @ AFI BFD HR(30s) TIHERLREVWE R
RULIEN, BEARKEIRpoTz, DFED, 30T e ) FHER (35°C) 12V AFT B¢ 0 HR K
JRIXBHABFD ZN & RERWIZ L EZEKRLTWS, £72, 30 BEWIHEE LIZARERS O
7R, AFT B TIEF R AL TAIEAMEVIE & HR (30s) XA BIEWE TH o 72,

Table 2. HR(30s) and BP during AFI under various water temperatures and respiratory

stages.
H R (30s){(bpm)
Inhalatory Stage(N=31) Exhalatory Stage(N=30)
Rest 30sec Rest 30sec
BHA  T1.7T%14.5 67.0k14.1 ¢ 72.1+14.6 70.8+14.8
5°C-AFI 72.0+13.5 Exz ~ 52.013.2 %z T2.1+13.7 I;u - 50.8%£12.6 $3#
£33 %
15°C-AFI 72.2412.0 Less — 5T.9H11. T 345 } ] 5% 72.8+11.8 422 — 55, 5+11.9 ##3 } il %
1331 F231
30°C-AFI 71.2%11.1 64.5+512.0 4% T1.4+11.2 67.6+13.5
S B P (mmHg)
Inhalatory Stage Exhalatory Stage
Rest 30sec Rest 30sec
BHA 117.8+14.8 122.4+17.1 % 118.3+14.8 126.0+16.6 4%
5°C-AFl  117.8%15.4 Ii: — 132.T%25.9 %3¢ 118.5%+15.1 F— 138.3+20.9 1%
15°C-AFI 118.1£15.1 % — 132.4+24.8 3% ] j{ % 118.1+15.4 “x — 135.6£27.8 #i# ] :l 15t
L ¥t
30°C-AFI  117.0£17.4 1251211 %% 116.2+17.0 124.217.1 #%
D B P (mmHg)
Inhalatory Stage Exhalatory Stage
Rest 30sec Rest 30sec
BHA  T3.2*11.7 78.9+12.1 ¢ 73.2+11.9 83.2+12. 4 4%
5°C-AFI TA.5%£11.0 g — 93.0%18.5 $1% 75.4%10.0 E{*— 96.5%18.0 %%
%
15°C-AFI 73.5+13.3 %% — 86.5+15.0 $++ ;I :l: 73.6%£13.5 L¢s— 91.2+15.4 %1% :l ]tt#
¥ H
30°C-AF1 73.1%10.3 82.3%12.9 #33 73.0+10.5 85.9%13.1 %
AFl:Apneic Facial Immersion, BHA:Breath Holding in Air $:p<0. 05, ¥%:p<0. 01, $$%:p<0. 001

Values are means=SD.

BP (2D Thk, Wi FERAL O BHA BE R OV T O KR O AFL BEIZH\ T SBP, DBP & HL AR
WER LU, AKBIZESWZ B TiX, SBP (XIMMRAL T 5°C & I5°CORICIRAE B EIT R
Moo, FOMO LB TIIKBEOERNREO FREH VLY FEICEWVMETH -7, DBP i
FEEALOD 5°C & IBCOMICIXEERZE oo, BEEEED TEOMO LB TIL, K
BMENEEO FBEVEEL W FRICEVETH - 72,

Fh AN BEOMEOESEE S & LT HR(30s) & SBP R TRDBP & OO & %
3R LT, ZHEBMOMBREICERERKER S > T201E, BEEAM TIX 5CL 30Co
HR(30s) & SBP f#}, FEENLTIL 5CE 30°CR U 15°C L 30°C HR(30s) & SBP M TNZ 5°C &
15CR N 5C L 30°CD HR(30s) & DBP DA TH Y, £ b OHBEMBREIILT L HEVET
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W22 oo, 245 HR(30s) & BP (OB B o A8 BAME 0 X 3 ONZ BTk L 72 KRB THR (30s)
& BP OEB) & LB U S RITE VT UBP 1L HR(30s) 1T P AR HM R ZNR e vo o 2 & %
BRI, Gooden®) | Heistad & 7 Song & M) L8+ 5 X 51c. AFIBEDREIC X B
RBBLITIRIRO A EERR2REY 2R L THRVO2 S LRV, ZHEFRALT
Hol b RERRREIBOLEREZR LEEREOBPPRIMAETHo I &b bR TX
%o

Table 3. Correlationship between the variation of HR(30s)and BP.

H R (30s) Vs SBP
Inhalatory Stage(N=31) Exhalatory Stage(N=30)

BHA vs  5°C-AFI r=-0. 054 r=0.217

BHA vs 15°C-AFI r=0.112 r= 0. 201

BHA vs 30°C-AFI r=0.122 r= 0. 069
5°C-AFl vs 15°C-AFI r=-0. 147 r=-0. 100
5C-AFI  vs 30°C-AFI r=-0.433 # r=-0. 376 *
15°C-AFl ~ vs  30°C-AFI r=0.069 r=-0. 380 *

HR(30s) vs DBP

Inhalatory Stage Exhalatory Stage

BHA vs 5°C-AFI r=0.112 r= 0.058

BHA vs 15°C-AFI r=-0.100 r=0.101

BHA vs 30°C-AFI r= 0.092 r= 0. 046
5C-AFlI  vs 15°C-AFl r=0.109 r=-0. 406 %
5C-AFlI  vs 30°C-AFI r= 0.001 r=-0. 379 &

15°C-AFI  vs 30°C-AFI r= 0.063 r=-0. 211

AFl:Apneic Facial Immersion, BHA:Breath Holding in Air %:p<0.05

Fo, SCREEMT60 LU EDIEENTE 184D 30 B8O HR(60HHEDED 3 HD
RREROFEHELI VRO TWD) & BP OE#BER 4R LT, 30 EDEE LB LT, HR
1T 60 BEICIZIZE ACEBB LArdy o 7225, SBP & DBPIZAE R EH &R LTz, BP ORER L
BT B S IENED ERICE S b0 L Bbis, UL, - OO R IHE FARR &
NEEEORIET, D10 EREBRIMOEAILALTERTHS LIREPARY, “hb
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DZ &Y AFT RO BRI O BEFIZEEIE O BH Z B2 — = X3R — DB H P AR — = Do O
Tk AR O RS EI S 33 S IR T o T R I DU L 5 IE R A BRH ORENIT R
EREAZERDHY, 2L L TIIEEERAREELZ L TWVWARVWI L EZRBRLTNETHA

>

Do

Table 4. Time—elapsed variations of HR and BP during 60sec AFL

H R (bpm) S B P (mmHg) D B P (mmHg)
Rest 70.8%15.3 120.0%+14.4 73.9*+ 8.7
] %3 ¥ 3%
3 0sec 50.1x 9.0 130.8+19.3 93.8+13.6
¥ ¥
6 0sec 51.5%10.2 141.6%+17.2 99.3+15.1
N=18 Values are means=SD. %:p<0. 05, *¥¥%:p<0. 01

AP BRI REIROBIROH B = L b B OFEFIC LV @EIhTna MLEUINT) | %
SITIL AR L7243 4 DB/ O AT & BIERHIZR T 2 REBIRBBER L BHEL TR LT,
AR PR OTRERBERIL, FOKBTHLEREMOEF LY R OO FRORSLEVVER T
oM EERER T, —FHAKBIZESOTHET S &, WIERA TAENMEWVIZE
FEROBERRIIFEICE N T-, FERORBIZOVWTHIZEREDO Z BB D LN,
2R FBR U AENRO LB = S AR FE INHE (AVIEB) (B E B A FE AR (AVIR) |
BET W (AVD) (1 EFEE7 7> 7 (1° AVB) 2 EHBEE7 12 v 7 Wenckebach T {2° AVB (W)},
2 EEEZ7 vy 7 MobitzII Z{2° AVBM)}, 2.0 L LEDIAFELSHZWVIXIAET 2 v 7
(SAorSAB) | L2ZE A FHA (IVR) | D MEAH FEUNHE (VEB) % O RARMEAREE AR B OF b 22 P H1 SMIUHE
(SVPC) | o MEHASMINHE (VPC) F D BENRMEAREAR T h o 7z (RERO—HFIIR 2 1R L), 2
NH0 O LREBEENEN SO, FAL B o L FET, AVJEB & AVIR ThoTz,
F T ARIRME & BRME O REIRBIBIET 26 b Db FEEIShz, S5, SAorSAB X
2° AVBM) FED AR —{E8) LA ERFEREREFLIIRREALO 5°CT 6 4 (14.0%) . 15C
T34((7.0%) THY , FEEALTILRENET 8 4 (18.6%) & 6 4 (14. 0%) TH -7z,

AFI B3> 2 VWML WBWI RRIZ ZKIBEAE W R AREIRIIBR LT W L3 Gia o ®E SN T
W 6%, B2 RREBOEEOKE X, Thb bR EMRERE 1k L L e RE
FILREREEZ TR EEbND, Ll RIFETIII LA TIES 5 3MEVKIE TR
BUZgholM, IVEVWKEBTRERLZLVIFILBESNEZ, Z0Z LiX, AFI B0
DEREBEOER G AERBBRICEEL 52 AL RBRTI2H0THA ),
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Table 5. The numbers and incident rates of arrhythmias during
and after AFl under various water temperatures and
respiratory stages.

Inhalatory Stage Exhalatory Stage
During Load Recovery During Load Recovery
5C 29(67. 4%) 12(27.9%) 32(74.4%) 15(34.9%)
15°C 25(58. 1%) 13(30. 2%) 27(62. 8%) 5(11.6%)
30°C 9(20.9%) 4 (9.3% 13(30. 2%) 5(11.6%)
x2=20.80 % x7=6.49 x%=18.30 % 229,92 ¢
N=43 Incidence rate of arrhythmias in parenthesis. $:p<0. 05, ¥¥:p<0. 01

A. 5°C Inhalatory Stage SAorSAB

C. 5°C Inhalatory Stage IVR
i IVR —
: !
B JoA
o NS

Lo
s

v ‘ /«: ‘\/, !

D. 5C inhalatory Stage 2 AVB(M)
! : ' 2 AVB(W) :
r oo Coa L
! i A N
M/ | L/ A Wg/ —

E. 5°C

Inhalatory Stage VPC

VPC

s e H ' !
; Pl ; | z i

Pl . L
A AV A |
H ‘I

‘\/i

-—
1sec

Fig.2. ECG samples showing various sorts of arrhythmias during AFL.
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B. MR AT A ~ZERIETHE

REF TEFHEZR > T O BEOILEE LcEE, BRESER DEETETLTT6.0
Kmkﬁb\ﬁ@ﬁx“riMSmmiT%M?ékébhémo:@ﬁ TIRAASE
MR OETH -7, £E5 WIBIRn»EHEELT 52 L LY. 4 50~60 MO AFI
BHAGESNKIETEELBRL{(RIAB L TAGBLITLTH) ) RILEOBRERLI,
B S L2WA, R L R U TR N E (Pac ) IXTABITIER T, REEN X 5 E (Paco,)
IFEREICHEM, > TpHIXARBIET Lz, 24k V% 50~60 BRI AFI FrIZERE O KRR
FMIE & SRBTAMEREL D Z BB SN, £7250~60F HI2B1T 2 HR b 0. 1%K
ETHRICERHEHFLVET LT, L, #EXMRED | 4 ICKE OFEFERBZIC AFL %
To¥eZ A RIZKEETTIZO2rbLLTEBESE, KREN A SERU pH 121X
HEER2D T, un%mugoﬂﬁwﬂqﬁ’%ﬁé%%@%%ﬁﬁ@iﬁ%ﬁ#
BILLBERANI, LNLAT—E0nbiE, —HlEW I EFIBRESNIHERTIIH 543, 50
~60 B D AFI RRIZ I 1T D RARO B ZBICMBE T A OEINIH E WV HEL KT LT RWnWT L
BHEZINT,

Table 6. Variations of arterial blood gas and pH during AFL

Rest AF I
P802 (TORR) 87.9 + 1.3 689 + 4.7 #*x%
Paco: (rorry 40.5 £ 3.4 46.2 £ 4.4 %%
pH 7.40 £ 0.02 7.36 = 0.09 #%
N=T Values are means=SD. $%:p<0. 01, $¥£:p<0. 001

AFl:Apneic Facial immersion
II. AFT O LERA~RIFTHEO B HMAE

AFT DOEBEBRASRIETEEIZOWT, ZOBFRELZEE L RETFER IO 0B, Al
b YRR EIROFEROAEICE LT T5.40FRERH B L LTWE, TAL 93
R—R EIRROERICHRMESZ L, AFT ZRRE LTI 2 ETFHINEZLERBLTY
B, UL, YHETITIEERFOMEAIIHE S TW AR, E5 50T B
TIE, HEE 10 E OAFI(GC, BRKEAD 21T - 7235A OREIRO BEMIIHmD CTRIFTH -
Too T OBARBEIRFEBE O HRmin & U%HRmin OZEEMREIT. FERFERBEOENAL LY b
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RENWZ LA E LTHRBEINTE,

2 DOMERAL (TRBBAL L BERALD) & 3 DDOKIE(BC. 15C, 30C) 2#AGbEz6 2D
TR —HIC 2 BED AFT 24T 7288 ) 30 BRIICIIT 5 5 B OUHR (Z8HE IR 24035
FEXHE) OAHBIMEIL 5°CREEALD 5 B H & 30°CREENALD 30 B E ZBRWTIE, T XTHERK
EEIRLT,

FRTRD 6 SOEMETHEZEZT 2 ED AFL 2475785 4 | AFT B4 30 #5 LU %HR
REERHEEZRTEAR D LN, FEROBHEOFEOFRMEICEL X, A—AKY
HEZEZ 54 L b, 15°CTREIEM O AFT B2 RV TR RIT L Bbh i 84, —hn
LORERIL AFL 2R LTAWVWIBAHIZIE BRI 2 HE L—ERRB L E 30 #1
UR) DI BB ONERZ L EZTBTEHLO0THS I,

Fio, BRI X AEENIC DWW T 5'CERBENAL T 45 B D AFT{(FR A B & 12 4 (29. 1£5. 3
W)} &, 9:30 (HI& 2 BRfHR) . 12:00(B&AD . 17:30(F RENICHEESEHZ L LI VBZRL
7= 4), 3 SOEEZIZ T B HRnin & U%HRmin O EHEORICIZEE 235132 < Ao 3 B8l
MIIC 3519 % HRmin & O%HRmin ORICIZE < CHERMBMERSEE L, Thbb, H/2< &
} 9:30~17:30 DI TIL AFI B HRmin & %HRmin (ZBARE R ZIIEERE T BERMEICENS 2
EEBEHRLTWD, o, BHELEAERIEZ, AR TIZ 1L A, HERKTIE 10 BBEBRO
HEC—BESRBD LN, ZORLKOMOAEIROBEHRME b LB Bg & b,

WAZ 5 CEREBANL T 45 B D AFT{FR A B % 4 4 (29.8£5.05%) } & 1L W A i 13 7 AR
HoT{TofRER 7 L E 81K Lz (EMFFRIEIX 23~27°C), HRmin & U%HRmin D 4£ER
OEEBCEEHOEBCESSHAMESBDLOND Z 213 hof, UL, AFT B0 RERR
ORBFCHLTIZ2 A 137 AMEBEL THRREL 28T EBR LAV &V ) RGO R & BEE
STz, L baid o FEFEREORKR L Fk, REREHROH o7 2 4 (BEHRFE ARI & MOR)
® HRmin DEBREIT, HERBEED 2 4 BHRE MIT & NN OZN XV HEFICKREWVETH
oz, BRBUEOMACBOTIIWTR R LEREROBEICEHL TETORFR—%
XD bk o e,

TS ORERNS . R OMRE®IT 2 IEF— B OIZIE AL, FJ— A ORFEEZEZERV
729:30~17:30, H&ZE X 72HA D AFT O HR Kt & REROBHOFER 1 EMIzEW
TOREROFBROFEIIN2 Y BVEBRESHFIND Z e BrRmRENT:,

105



Table 7.

Month—to—month variations of HRmin and % HRmin during AFI

under 5°Cwater and inhalatory stage.

HRm i n(bpm) %$HRmM i n(%)
SYO TOK HIY NOR SYO TOK HIY NOR
Apr 61.3 62.5 © 41.2 2.5 O| 18.7 65.0 54.6 3L,7TO
May 66.8 53.0 45.4 32.3 11.6 61.5 O 55.0 44,0
Jun 56.0 h3.4 46.1 33.3 74.3 62.5 53.2 44,5
Jul 62.1 47.1 O 45.6 34.4 171.3 65.1 52.3 55.4 @
Aug 58.0 50.6 47.3 © 31.9 80.9 68.9 51.1 42.7
Sept 59.2 48.5 31.1 21.9 79.9 64.1 46.6 35.1
Oct 59.5 54.0 29.4 O 36.30 | T7.4 70.3 45.2 41.9
Nev 52.3 O 56.9 41.8 36.0 63.5 O 64.4 56.4 © 49.0
Dec 64.1 56. 1 42.2 35.4 17.0 73.1 55.1 47.3
Jan 61.3 60. 4 35.5 36.3©| T76.1 4.7 51.5 52.9
Feb 60. 4 58.8 30.7 31.1 76.3 73.1 44.4 O 43.6
Mar 64.8 57.9 40.5 29.2 85.0 © 66.3 48.6 40.7
Apr 67.3 © 56.2  39.2 34.6 72.8 76.6 © 53.2 48.3
Mean 61.0 55.0 39.7 32.4 76.7 68.1 51.3 444
SD 4.2 4.5 6.2 4.0 50 5.0 4.0 6.5
cVv3®) 6.9 8.2 15.6 12.4 6.5 1.3 1.7 14.7
©:Maximal Value, O:Minimal Value, CV:Coefficient of Variation
Table 8. Month—to—month variations of incidence of arrhytmias during AF]
under 5°Cwater and inhalatory stage.
SYO TOK HIY NOR
D Rec | DL Rec o Rec L' Rec
for - - - - AVJEB, AV.R AVR 2 AVB(W), 2 AVBO)  —
1° AVB, AVD, AVR
1AC, SAorSAB
May - - - - AVR AVD, AVJEB, AV.R | 2 AVB(M), Z AVB(W) AV.R, AVD
AVJR, AVD
Jun - - - - AVD, AVR AR 2 AVB“{)), AVR AR
Jut - - - - AVD, AVR AVJEB, AVR 2 AVB(¥), 1AVB -
AVD, AVJEB, AV R
A - - - — | AVD, AVJEB, AVR AVJEB AVR | Z AVBW), 2 AVB(Y)  —
AVD, AVEB, AV.R
Sept - - - - AVR AVR 2 AVB(W), 1' AVB -
AVD, AVJEB
Oct - - - — | SAorSAB, AVJEB, AVR - 2 AVB(W) -
Nov - - - - AVD, AV.R AVJEB, AVR 2' AVB(W), AVD -
AVJEB, AVR
Dec - - - - AVJEB AVD z AVBI(\% AVJEB -
Jan - - - ~ | AVD, AVJEB, AVR AVR 2 AVB(M), Z AVB(W)  —
AVD, AVJEB
Feb - - - - AVD, AVJEB, AVR AVD, AVR 2 AVB(W), AVD —
Mar - - - — | AVD, AV.EB, AV.R AVD 2 AVB(W), Z AVB(W)  ~
AVD, AVEB
Aor - - - - AVR AVR 2 AVB(M), 2 AVB(W) -
1°* AVB, AVD, AVJEB

DL:During Load, Rec:Recovery
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IV. AFT BF D DB 33 B4 & N o 5 28

AR U 72 KR & FERAL &2 M A G bW T2 6 KD AFT O LERA~RIETTREOMEIZET S
EE DT (20~39 mOFEA B & 36 4) %) Crx, BHHO HRmin B U%HRnin & & F LB H
7235 A o 72, Hayward & 9. Ramey & 4% AFT LML L 7= AMHRER L 225 WBWI B O
HR RIS B ZE X2V e LTV B, EFH NS 15°CIZIBE S 5 53, 40~67 O LA B 4 (B
F 1T KFI4) xR e LTHBE L, F O R . MIEERAL T8 /M2 HRmin & U%HRmin
ELHEBERET R ST(R I, THOIXAFI 2RBRE LTRIHAT 2, MR T BE
L2 THENWZ EERBTHLDOTH AR, 9RUTOBLICONWT LA HO BRSLE
ThbHI,

Table 9. HRmin and %HRmin of males and females(40
—-67yrs) during AFL.

Male(N=17) Female(N=9)

Age(y.o.) |51.5%+ 9.8 53.2+10.0
<Inhalatory Stage>
HRmin(bpm) | 59.5% 8.9 59.2%+10.9

%HRmin (%) |83.4%15.6 74.9%+13.2
<Exhalatory Stage>
HRmin(bpm) | 56.7%£10.7 57.9%+11.2
%HRmin (%) | 79.2%16.0 73.1%11.9

Values are means=SD.

AR X BZAEIC VT, ABR L B9 65 225, AFT I X BRIRRIEOR & S 1%
MEGE EBIIETFTT A L2 ME LEFREN QUM U LEE S OB (13~67 50D
4 95 4 . KIRIE 15°C) %) Tl HRmin B O%HRmin & & IE5 & & & 12 B AREIC AR IRK IS 2808
FTTDBENIOTHEARL T, 20~39 B T—H XY REBBRIRBUSE R L, TO®%RBEITT S &
V) TREIRI 2 INEE ) &R TR R A 57 (] 3 ICRR BRI TO HRnin OMNBEB) %7 L
7). Eho. FEIROBEIRRICOWT & FEIERALT 19 BRI T OEERE L 20~39 RO EFERED
A 40~6T MOFEERELY ZhoTz, LU, BERTIT SAorSAB BRFFRMICE | FHE
BTIREFLE LTO FNHBERLVESIEHT 2700 IR 22D EEARAREOR
BRPZBEIND EVHIBFEPBREINT., BEEHOKRIIBEMREHEZEETOL
HHE 0 36 B RO B T ICBE LTV B & btz 46), e AR RE D BRIC O WEE R R
BIRFEHEEOME S 13, FIBICRTT 5 BRSO RSN & & T 5720 505
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Fig.3. Age-related variation of HRmin during AFI under 15°Cwater
and inhalatory stage.

V. AFI O FEARRIREN~ K IE 2

AFT OLBELER~RIETEEZBE LR, REBRIRBELDZ b, LDBOXE
IR R A ERE BIR) # B U CESHE2BE L TWA I LIRS ICBGBTE S, L, R
AERIERHDZ L, LEPERODOBESEMETLZOZ EHPBIBEHENLT FL T
VW) ORERTZE BHEEARKNBETZZEN 1 OORX NV RFBTHY EHEIR
TS By OS2 B — BRI TTIE X BRI ) A I~ b e T D b BET AR
BRI OO SZBARTEB OB 5+ 2 MIRMEAEIR G BE I N5 2 & K OF B M % [F
BTN L7 B R RAS IR B Lo\ 200 5 B 2S5 56 = L s | AFT BRIC LI 58
BAROTEE LITIERFFICHARL TV Z BRI S,

E5 5 W2, SCRWENLO AP FOHT 2T IV % 3H(BRAB & 17 4 (27. 1£4.8 5%))
U B FERALIZ B W T HR AME T 2BA L2BIIZIERBILTA & L7 RLF U (NA) 1338
M5B 2B U, £7-, 5CHEEEAN T 60 B D AFI 247> -8 (BRA B 4 11 4 (30.0
+5.2 5%) 140 HR 12L& T 23R S, SBP, DBP, A RUSNA ITHEICHIM L, Lok NA & SBP
HRALERRMORB L & bICHENET A2 L 288 L, Zhbid, AFL BRI OO 2R
#fR & ARSI FRFICTEBI 2 N 2 2 L 2 X R AR RTH S,
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Fiz, DO BEMREE 2T 5 L CEEMI N TV D LHEF O XL MV
ZEHT 5 BHIT, FIBS B (KR 5°CT 5.5 [ oL HZEE) (256 L) 2 EE 7 — U = #
LR ) $Em@EBoBERgERNe T Lk, —FORESORBHRES 05K
BIIXEBEREIL 2o f2p, FIEFCHIE L7 SBP, DBP RUNNA XA EICHML, 5% 0D
RETOLELH 508, DIEORZBHBEDLHER L TWD Z R TRIS T,

TES RO R EFREOIEE & RRBMBOEIIERKBO TH S L SN TEH, BEHER
HHEAEAT 5B b H5 2 L BMESH TS 8, APT BRIz 1% & DB O F Y
M BB A RIS 5 &V O WE W b BB A, b L. AFT B OBEIC K LRk
R EERR LR R HH STV B O THhIE, MEXET L, —EHRERIERL TY
BT ThH B, Lo, Lint iz APT Mo —ERHBIMER Sh T 52 L2 BE L TEY
THIEANT a7 IO XD FERLHIE A OERKNEES L TWas e BEbid, £
72.Pao, & pHOIE T E VS R# EOELE ZMICESNTHWENE I T 2T I OLHR
WEIMEIZTFET S o KEMRSAE L g BRI AEICRT 208, R LR
HROWMME 6T EEX b3 U, §6oT, APT B0 DA AR O TEBI U1 S AT
RRCRITAAEBR U AT LMEROT DO B ENRNEE L LTOEREZ b2 LI ITLEbiLs,

PLEIZ 5°CE VI FEHITEVKIBICESWTOHRTH D, boEEVKIETOD AFL 1T
B RBARRIEENIC OV THABEBER LTV MLERDH A5, 2B, 4CH AFT TIIREMHR
EE e OBEENBVWEBSERN TR EIRCTH D O0EHEAPRI L6 (50 o) biE X
nTEy ¥ SCHBOKRTOETRARRIZEEZFECEIAKEFLT B5EDOHIC
BHATRxEBbhb,

VI. K P iEE KR OUKFER 0 ECG _EpZe{k & AFT BED ECC F b & D
B4R

K R % B U T8 8 % VN K RSEB) 1 o BCG wZEbi. Scholander & 62 Olsen &
B3) 2% 1962 4RI HAE L CLIRENS < M ST 5 0-864060) spgmy — g A 21 Lo b
HEEIR ) 1z E cRATWS, LasL. AFL B0 BCG LD ZL & AR & UK i EB)
DENS & OXISER BT LI RIS 2V, /I, SEEOKEREIRRAMIZL D
AFT B ECC EDEICE S TBR LEEREIIR L2,

2 10 |2 BHA B AR SE D 2 D DIFIRAL & 3 DD KB EZMAR DR 6 &fED AFTEEOTR
AR D IBLIREE & HEML F TEK L T (Head Out Water Immersion:HOWI) 30 FORI& 1k L7,
TR BALC 30 BRI D WBWI %247 - 728, 5 20RO #EPk (Bmin  Swimming) 4T - 72, 50m D4
779k (50m Maximal Swimming:50m MS) % 2 BEEAT o 72Ky K OB /KK (Underwater Swimming:US)
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% 2 BAT - I RRE NS £ N B RO &M OEREFICE T 5 REIRO B R EE R L7 LT,
BHA T 30 D IL BRI TH Y, AFIRETIITELMY EVIEERHE Tho, F2, K
HRER & K HEEIFRHL 30COKIED 7 —VEFIA LTz, £72 5 4R OEKREO GEE L B
O D f e W DR 50~T0RDHETH Y | BARKOIKEFFENIL, 1 M BEIX23.7£7. 4T 2 [EH
27715 Thol, HBE{RAF L 144 GBLAFI AR NIV ThbEETOEHA
TR CTIIARBIROBBRO RN ETH 2,

KO LA 8413 30°C D AFI FRIZIXREROBH D072 FETH Y\ FALD 6 £1L 30CD
EL L0 AFL BICREIRBFBR L 72ETH D, KPRER., KTEBEERTEZNLLEADE
ERFIC R U 7= RBERIL AVD, 2" AVB (W) \AVJR,AVJEB, SAorSAB &\ 7= #RARMEAREE k., SVPC,
VPC &\ o o RN EE R B VD BN EATE (TAC) & ARIRERARTEY (B-T-TYPE) TH -7, £ D
AR b B LN BARR L ST T L, B LS THFABETIIKP TOX
BT R OEIERIC BB T 2 REIRIZZVMER Th o 7o, 512 WBWI BF & US BFF CidZEaic ik
BEATD &V ) % BR L TH, WBWI B T AR & EIERF 22 TEH 4 41, US B CTILEr
5B AREAROREENED bz, —F EABEOARFRRICIB WV TIE, BV FFR N US KL ) 1
BICHBDRRBD NI TE R ol £, 2EHIC 30°CDKIETO AFT K& US ATTEE
DARENRDFEH KV 15CDKIE TD AFT K & § X TO KPR - K EB R OB ORE
ARFE LD — Bt AS BV MBI 23380 DT, (B LEERE KOM 0 X 512 ART BRIC T o 72 < % HL
el ofe it AKHERH (6 BRI RBR LIz WOl b L b,

F 72, 50m 2AVKO EIE R BEERRENRD 1 > TdH B VPC @ RonT B FALEED —FIZFR
D HNT (X 4), T OBERAE L BHA (FEBAL) BHC b REERR (SVPO) 8B b s L Y1z, IR
EEEFNEBROLBOEBERE., 1727 I 0 00WERUEREOEENIX L THEHERZ %
DEVOEEZAE L THWH00E Lk, WTFRICLTHARFIT, BBRATLEAEKOH%
WCERENTFET DA REERH D 2 L 2RET HHITHA D,

WIZRIEE 14 412 2 £ &M 2 72 16 £ CTH MO HRmin X %HRmin & b@ L7z 30 e 2 5,
30°CHE% ENLD AFT BF HRmin & %HRmin ((R/KILE L TH 5 30 B B £ TOMHE) 1 HOWI B R Y
WBWI BEDZ b b A BRI Ao 72, R 5T Moore & 18 Hong & ¥ 085 & 1313 A%
DIRERTH o7z, EleTNETND/T A —F —OMHEMEL, 30°CEWENALD AFT K & WBWI
#? HRmin B U%HRmin DORIZIEZE N E A E 72 FEBR 2 (HRmin: r=0. 545 p<0. 05, %HRmin:r=
0.508 p<0.05) 2D H AL, AFI B WBWI O &2V /B2 ERRBRI N7z, —FF, HOWI I
DENDITIER EEERAKZEDZRNE W) AFMRRDBE NS H o> THABREBREKITR
ool

110



Table 10. Electrocardiographic variations during and after each BHA AF1, body water immersion, and water exercise.

D> BHA-IN BAEX  5C-IN  5CEX  15C-IN  15CEX  30°C-IN  30°CEX  HOWI WBHI  Smin Swimming SmMS (S
K OM - - - - - - - - - - VPC - -
MIT - - - - - SVPC - ~ - 1AC - - -
MIN - - - - AVJEBAVR - - - - - - - -
KIM - - - AWRI'AB  SWPC  T"ABAVR - - - - IAC IAC -
HAY —  — ARAVEB AVERAVR  AVEB AVR - - - - - — VPG SVRC
OM| - - - - - - - - - - - - -
OKA - - - SVPC SVPC AD - - ZABN,SWC - SVPC - -
1AC
OHT - - - - - SVPC - - - - - - -
NIS - —  SWPCVWC  AVRSWC  AVR AR AVR AR AVR WC  SVRC VRC IAC -
AVJEB IR
S| - — ADAVER ADAEB AVRAD AVR AD - NRAD - AR VPC - ANJEBIAC
MAT — AEB AD AVER  AD AR AVD - AVD, AVEB  1° AVB - AVR - - -
AVR AVR

ENO —  — ARSWC ANVR - AVR AVR - AVJEB - - —  SVPC,AVJEB
112 - - SWe AVJEB AVJEB AVR - AVJEB - - - - VPC, SVPC
ECH —  —  ShorSB  SAorSAB  SAorSAB  SAorSAB - SAorSAB - SAorSAB - IAC SVPC
Rec>  BHA-IN BHA-EX  5C-IN  5CEX  15C-IN 15 °C-EX 30C-IN  30°CEX  HOMI WBHl  5min Swimming SOmMS  US
KoM - - - - - - - - - - SVPC - -
MIT - - - - - - SWC VPG - - - - VPC -
MIN - - SVPC - - - - - - - - = -
KiMm - - - AVJEB - - - - - SVPC - 1A -
HAY - - - - - - - - SVPC - - - -
oM - - - - - - - - - SVPC - - -
OKA - - - - - - - - - - - - VPC
OHT - - - - - - - - - - - - -
NIS - - VPC - ANRVC  AVR AR AVR - - - - -
Sl - - - AVD AVJB AVD - - - - - - AVEBAVR
MAT - - - AVR VPC ~ - - - AR IAC - SVPC
ENO - - - SVPC - - - WG S — ~ IAC IAC  AV.R AVJEB

SVPC, IAC
1z - swe - - - - - - - - VG VPC(RonT)  VPC
ECH - - - - SVPC - - - - B-T-Type  SVPC  IACSWPC -

DL:During Load, Rec:Recovery, BHA:Breath Holding in Air, 1S:Inhalatory Stage, ES:Exhalatory Stage, HMI :Head Out Water Immersion, WBWI:Whole Body Water Immersion,
50m MS:50m Maximal Swimming, US:Underwater Swimming, 1AC: Intraventricular aberrant conduction, B-T-TYPE:Brady-Tachy-Type
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V P C (RonT)
sHa/s He=14t 1oV K

Fig4. A sample of electrocardiographic record of VPC RonT type after 50m maximal
swimming.

bEX v, BEERKRER K T2 IR e O K P EB) R (512 WBWI BF & US Bf) O REERFE
DOFHICHABREFRAMZEL, I5COKERRRE LTHEHAHEABENTHLZ ENRKE X
iz,

VIL &0

ARFFRIL, AFT BRI ER~RIESTHE L T OBF &2 BBICIBER L, 23D AFI OO
B EOEE AP RBERERUCKFEHIFOZND EOMIGEABRERD LI ELELDOTH
B, THEVKFEERIORAT 4 HWAVF =y 7 & LTAFI OFREME R L7,

AFT BRIZIL, IREER MLSE & B REE U A MAENA U HR KT & BP 0 EFRHHE L LTAL
5. IR O FIXERE OEDZHRH O ORI EZ T - REMROTEE P EEMRERT, F
FEZ LD ERRBRAOEROBREISEVEL 2V E Bbh/k, HR & BP OELR VAR
BIRORBHEIL, (EROBE L FK, REKRFETH o,

RERE A 2 B S < BB TiE, 15°COKIBICIRE SN0, KR OBIRKIGIIMEEALD 5 35
WBRAL LY K& Moz, ZOI5CRERNM &V D ORI EHTH D LI IR, 5% X
HIBRETAZELMNETHS S, £7-. R OBLREPREIROBHOEEIZSOWTIEH
ZREFHRERS S L Bbivi,

AFI O ECGC ~RITTHEBOMZENL, 20 RU L THNIEER TIE AR o703, I L 52
ITEHBRMREEOREL XML TREN o/, T7ROLAFI ORREHET 28, HixhE
DERTHILETZVD, FERIIERERCER L2TNE b nweEI NS,

AFT BF D BRI R EMROTFE SELS LS L TWA A, 5C & W 5 EBHIR TILOEO 3K
HREOEH LRFICHERL TWD Z ENFRBRENT, ZOKEBETE, TEIROEHRLE
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Abstract
Effects of apneic facial immersion on cardiovascular system and electrocardiographic

change during body water immersion and water exercise.

This study investigated the effects of apneic facial immersion (AFI) on cardiovascular
system as well as correspondence between electrocardiographic changes induced by
AFI, body water immersion and water exercise.

Mild hypoxemia and hypercapnemia were produced in addition to the progressive
bradycardia and hypertension during AFI. Baroreceptor reflex evoked by hypertension did
not seem to contribute sighificantly to development of the bradycardia.Variations of
heart rate and blood pressure and incident rates of arrhythmias were temperature
dependent as described before. AFT under 15°C water and exhalatory stage seemed to be
a special condition for the production of prominent bradycardia;therefore, further
study was indicated

Heart rate decrease and incidence of arrhythmias during AFI were fairly reproducible.
There was no obvious gender difference in bradycardial responses during AFI, but
age-related differences of bradycardial responses during AFI was prominent
Therefore, age should be considered when judging the AFI test results.

Cardiac sympathetic and vagus nerve activities seemed to accelerate simultaneously
during 5°C water AFI, therefore, the AFI test at 5°C should be applied only to the healthy
young men who wish to participate in a midwinter swim.

The sub jects who revealed arrhythmias during AFI tended to reveal themmore frequently
during and after the body water immersion and water exercise than those who did not
reveal arrhythmias during AFI. The water temperature of 15°C was recommended for the
AFI test because close correspondence of arrhythmias among AFI, body water immersion

and water exercise was found.

Key words:Apneic facial immersion, arrhythmia, body water immersion, water exercise
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