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A Study of Medical Check for Predicting Cardiopulmonary

Risk in Swimming, focusing on Diving Reflex Test
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ABSTRACT

1. The diving reflex test with ice bag on supine position 1s the effective
manner as the face immersion method in provocating bradyarrythmias.

2 . Bradyarrythmias were provocated in high risk cases, but were also
observed in healthy .persons having a swimming practice without any
symptoms.

3. In diving reflex test, the decrease in left ventricular filling and left
ventricular systolic function were observed by the echocardiography.
These changes were decreased by adding grasping exercise during the
test.
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4, In healthy university students, AV-nodal rhythm was observed in
58.5%. Supraventricular premature beats and ventricular premature beats
were observed too. The longest pouse in normals is considered within
two second. |

5. The bradycardia was suppressed by atropine, suggestig a vagal
reflex. But this effect showed an individual difference and circadian
change.

6. A reproductibility of arrythmias were good, but the same ar-
rythmias were not always provocated.

7. In the body immersion without face immersion, resting heart rate
was significantly bradycardic but blood pressure was unchanged. The
relationship between heart rate and exercise intensity was unchanged by
a hydraulic pressure.

8. A diving reflex test is available in predicting arrythmias and other
cardio-pulmonary risk, but the final decision should be made by further
examination such as a telemeter ECG or cardiac performance during

actual swimming.
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A Divig Reflex Test with Ice Water Bag on Supine Position

by

Masahisa Usami, Tadashi Kurihara
Dept. of Internal Medicine, Sumitomo Hospital
Tohru Miura
Dept. of Diangnostic Imaging, Sumitomo Hospital

ABSTRACT

The diving reflex test with ice water bag on supine position was per-
formed. In 21 healthy normals, ice water bag method revealed same
bradycardic responce and provocated bradyarrhythmia in the same case.
Bradyarrythmias were provocated in cases with presyncopal episode on
swimming, but were also observed in healthy persons having a swimming
practice without any symptoms, In 10 sedentary normals, 10 athletes and 8
cardiac patients, cardiac performance was examined by echocardiography
during diving reflex test. Left ventricular filling and left ventricular
systolic function decreased on diving reflex test. But these changes were
decreased by adding hand grip exercise during the test.
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A Basic Study on Diving Reflex Test

by

Shizuo Sakamoto
Dept. of Health Sports Med., Urayasu
Hospital, Juntendo University

ABSTRACT

In 442 healthy university students, the basic study on diving reflex test
was examined. AV-nodal rhythm was observed in 58.5%, supraventri-
cular premature beats was 13.7%, ventricular premature beats was 6.4
%. The upper limit of normal prolongation in RR was considered within
two seconds. The bradycardia was suppressed by atropine suggesting a
vagal reflex. But this effect showed an individual difference and circadian

change.
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The Reproductibility of Diving Test

Ryosuke Okano, Syojiro Naka, Ken-ichi Katsuki

Hokuriku Institute of Wellness and Sports Science

ABSTRACT

A reproductibility of diving reflex was examined 34 normals, a repro-

ductibility of arrythmias were good, but the same arrythmia was not

always provocated.
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KB HR 3, fEEA&KELZEE HR cxtd 54
i {(BAR/KEs HR /Z§# HR) X100} X
DFMmLA. EELE 5BHIEOBRTIO HR
OFXHEIRY% HR, REER-REB XLV KD S
ni-&IETF HR (HRmin) OME%HEIZ% HRmin
EFRic L 7.

2. RBRER

2.1 ZE®1
WEED 24 (ARl & MOR) K i3F~XTD

EEHAHEERD Ziis L. RR1Lwb VT, BITEBOTARRKORERESBD Sh, 14
£1 BHBREORRELKEINR & AR O FH B
HHE | NAK ARI MOR
' , IR B _ , FS'Y EE
o\ [FAN[EAR) R B W BER | s Ak BES | prcne)
1 = — AVJR AVD 11 AVD, AVJR, AVJEB |VPC, AVD 15
VPC (2 B
2 — —_— AVJIR AVJR 14 AVD, 1° AVB, AVJR —_ 21
3 == —— AVJEER, AVJR AVJR 20 AVD, 1° AVB e 25
AVD AVJR, AVJEB
4 —_ —_ AVJIR, SVPC SVPC (2 B¥R) 20 AVD, 1° AVB VPC 26
AVIR
5 — —_ AVJEBR, SVPC —_ 23 AVD, 1° AVB —_ 40
AVJEB, SAr
6 — — AVJIR, SVPC — 22 AVD, 2° AVB (W) VPC 23
AVJEB
T == —_— AVJER, SVPC AVD 43 AVD, 2° AVB (M) — 25
AVJEB
8 — — AVJEB, AVD AVD 24 AVD, 2° AVB(M), 1° AVE 17
SAr, AVJEB, AVJR
9 = — AVD, AVJEB — 25 2° AVB(M), 1° AVB| 1° AVB 31
AVD, AVJEB, AVJR
10 — — AVJEB, AVD AVJR a3 AVD, 2° AVB (M) = 25
2° AVB (W)
AVJEB : EZEAHHEHFIN SVPC : E= M
AVIR : BEELH 2 MikEe VPC : DA
AVD  : BE TR SAr : 20BElL ORI

1° AVB: 1 EB%E 70 v 2
2° AVB: 2EHEE 70 v 2

FH v b 2R —-vEE Vol. 17
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1. #EBREARL 6[MH BAFRE
AVIR = SVPC(28K) =

2. BREMOR 1M H HFRE - BIEER
VPC(2BK) < AVIEB

)
: | i s

S iane b

- =
e AVIER o s AR - wcdom il B e o ¢

L LA N R N AN\ L I ! -
e e T T
3.4EREMOR 8MIH ffHE
e Gott _ . “vs{m ron AVIER. 5.
: 1 AV 'i = =
“'r/“_"" P }/__!/,\ j/\ “/\ . D SN i
J f _ ﬂvn I T
e e _ b

E1 ECG Dacsf| (£&&1)

#£2 RBWERED HRrest, HRmin XU % Rmin

WERE m B Ll | SR | TR (%)
HRrest (b/min) 66.6 2.6
NAK HRmin (b/min) 56.2 2.1 3.73
% HRmin (%) 84.5 4.8 5.73
HRrest (b/min) 80.2 4.0
ARI HREmin (b/min) 42.4 3.6 8.36
% HRmin (%) 53.2 6.1 11.40
HRrest (b/min) 76.2 3.0
MOR | HRmin (b/min) 31.6 2T 8.59
% HRmin (%) 41.4 3.4 8.16

(NAK) 123 XTORTIIBVWTEDSNE -
= (&1, B1 3z oRBTHEA). 72KL,
i 2 ZORANABRITRTOHATICBLT—HL

TWAbYTREL-, TRbb, Hudic

BOTHRE ARI T EZHE MM £ DN

(AVJEB) E@iFHFAR (AVIR) LWL IHIRIRMER

BIRBERLEDEHSS, 4~THHICIZLEE
PEHIANEE (SVPC) & W > SHlRME R IR A F
L7, [EREic#BR#E MOR T3 AVIEB&AVJR,
EETHFM (AVD), 1EEE 7oy (1°
AVB), 2EEE 7oy 2 (2° AVB) W5
FRIEARIER R 05 EAKTZ A3 5, BB OFIT TIRLERE

WA (VPC) &\ 5 SR AR O FE 8 58
HRohnt, £/, 2° AVB iZ L T & Wenckebach
BlE Mobitz UBIMBEDONB E END - 12,
S DITARMR O RBIFAERE b il E & 120~
M DRITH - 1253, 10~ 1 5 BB X UIOMLLE
DEELH-T, EH2FOARXINED LN

HRmin BARBIRAEBREOHPIERBE LD b
EOHEHETH Y, % HRmin bREETH -7z,
72 HRmin & % HRmin OZE{REIZ, AR
ERBEETTNZTNT3% L5.73% It L, B
BRIV REWVEHETH -7 (F2).

FH4 v b ZAR=vFY¥ Vol. 17



2.2 EBR?2

TE ARG ESEmEKL 2 & &0 LB,
BRBALD 5 ~30°CH &L UFERLLD 5 ~30°C DN

T78.841.2, 88.7+39.5,
50.8+17.1, 62.1+28.2, 69.

98.3+389MB LT
312810 TH - 1-.

Bl e /K B D i HR (HRrest) 13, 5 ~30

CTOIRTZENZENT5.3£15.8
73.7£12.048/ 43 T > 7208
2 HRmin (2 EHIZ30LL
0.1%KETHBIEWET

, 56123 B LT
2 [ O BiHiR KR D
NOME) dwFasd
Hoto (1[EHIIE

BN 5 ~30°CH L UMEELL 5 ~30°CONET45.0
+11.2, 51.9+9.2, 59.9+10.9%1 4 & & 1540.8

*10.8, 43.8£13.5,

58.3X12.00/ 3 TH»

7z. 2[EHdATEEENET48.2£11.2, 54.8+10.4,
61.9£9.7#1, 4336 KT 42.1112.5, 49.4£11.7,

TR R AL

5C
1.0

15C
1.0
™
— 0‘8_
R
¥ 0.6}
B e
Z04f r=0.456
P<0.05
0.2% 1 1 1 L 1
30°C
1.0
0.8 W
0.6
0.4 r=0.456
P<0.05
0-2" 1 1 1 I

1 ]
5 10 15 20 25 30

62.61+10.541,/ 4 Td » 72). HRmin DK% &
LK TR, 1BIHOMNELR D 5°CE15C
DEEERVT, 2EORTOMPFRAIZEVT,
BEOBEVWE ZDHFPHFRLEKEL S » TEVWE
Thoto, R ZEEC L LHETE, 2ED
FITICHE L TISCTIFFRALO & & O SR
BAOEEIDARIEWVETH - 2.

% HR OMBARE O RINET %, SEMHT
LB 2 IR Lk, BEHLE b I BRI OR@E I
B S BRI 3R S i - 72 d3, 5 CIER
P 5B H E30CERAMOIMHZRVWTE, §
NCEBRITHEBEREAESE L. 2BORTIcB
5 AENRORBUREORIGRR %, 2 BEHIZ30W
PIA E30B LI I L TR 3I/R LT, &7,
Z OFRBELERHI IR 3 /R L7, AKBTHIL

=i

5 10 15 20 25 30

FARER (sec)

2 REECBYIEEEKPO % HR OMHBIRB ORISR (K5 2)
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R 3 BEMICBT 2RBIARBIROM IR (FER2)

(A) HEEAL
%W 5 G
wERY 1 [ H 2m\H (30 BLIA) 2\ GoRLIFEE)
OKR = = S
ITH AVJEB AVJR AVJR, AVJEB
MIT — — AVD *
ETI = o= SAr *
NIS AVJIR = SVPC, VPC, AVJEB
MAM 2° AVB(W), AVJR 2° AVB(W), AVJR 2° AVB(W), AVJR
TAN SVPC, AVJR — SVPC, AVJR
YAM SVPC, AVD, AVJEB AVJIR SVPC, AVJR
NAG — = VPC *
MIY — — — A
KAN — = =
DOM = = — .
HAY SAr, AVJEB AVJEB AVJR
MAK SAr, AVJR SAr, AVJR AVJR, AVD
TAN e — = ¢
ENO AVJR AVJR AVJR, SVPC JAN
NAK — == —
MOR ADD, AVJR AVD, AVJR —
ARI AVJIR AVJR AVJIR A
(B) PR {I
% & 5 C
WERE 1 B H 2ME (30 BEIRN) 2[EH (30 L)
OKR — — 1° AVB *
ITH AVJR AVJEB AVJEB
MIT = ; = —
ETI 2° AVB(MD SAr —
NIS AVJR, IVR AVJR AVJR, SVPC, IVR
MAM 2° AVB(W), AVJR 2° AVB(W), AVJR 2° AVB, AVJR
TAN AVD = SVPC, AVJR
YAM SVPC 2 #%, VPC2M%, AVJR| SVPC, AVJEB, AVJR SVPC, AVJR
NAG VPC, SVPC VPC VPC
MIY — — —
KAN SVPC e SAr ©
DOM AVJEB AVJR —
HAY AVJEB AVJEB, AVJR AVJIR
MAK SAr, AVJR SAr, VEB, AVJR, SVEC AVD, AVJR, AVD
TAN AVJEB — - *
ENO AVJIR AVJR AVJR AN
NAK AVJR AVJR AVJR, SAr,
2° AVB(M), VEB
MOR AVJEB, AVD, 1° AVB AVD, 2° AVB(W), 2° AVB(W), AVJEB,
2° AVB(OMD, AVJR AVJEB, 1° AVB AVD, AVJR, 1° AVB
ARI AVD, AVJR AVD, AVJR AVJR A
AVJEB : BEESMEMAINGE SAr :20BPEofEEE VR LEEEHEE 1° AVB: |EEE7ov 72
AVIR : BEESHUMHMARSE SVPC : ERWHIING 2° AVB: 2BEE 7047 VEB : {[LEMRFEIAE
AVD : BE TR VPC : LEHHANE 2° AVB® ( ) D W i3 Wenckebach %, M £ Mobitz B & R4
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15°C 30 °C
1 @B H 2B GOWLA) | 2EIH (30 LK) (] 2 [ H (30 ®LIA))| 2 [m1 H (30 BLIKE)
— — SVPC  * — - —
- - AVJEB, AVJR * — - AVJR *
— - - — - - A
- — SAr  *A| — - -
AVJR AVJR AVIR A — - AVJR . *
~ - I° AVB, AVD, AVJR*A|  — — AVJEB x
- - AVJEB  * — - —
VPC SVPC, VPC - A — - -
- - AVJEB, AVJR * — — —
— — — A — — —
- - AVJEB  * - - -
— . —— A —— = =
— ~ — - - AVJR *
2° AVB(M), AVD,|2° AVB(M), AVJR,| AVD, AVJR, — - -
AVJEB, AVJR AVJEB 1° AVB
AVD, AVJR — AVJEB, AVD - - -
AVJR
15°C 30°C
1 E H 2[EH GOBLM) | 2EH (30 L) (=] 2 [E8 (30 ®LAM)| 2 [21 H (30 B LIEE)
AVJR - AVJR - - SVPC *
SVPC — SVPC — ~ —
2° AVB(M) SAr SAr SAr - — x
AVJR AVJR AVJR A - — AVJR *A
1° AVB, AVJR, | 1° AVB,AVD | 1° AVB, AVD, — — AVJEB, AVD,
AVJEB AVJEB, AVJR 1° AVB *
VPC 2 Bk = — * = — —
SVPC, VPC 2 #% VPC - A — - ~
fmsaz e — e — — &
AVJEB AVJR AVJR ~ - -
SAr - SAr, AVJEB — - -
AVJR - AVJR -~ — - A

2° AVB(W), AVD,
AVJR, AVJEB, SAr
AVJR

2° AVB(M), AVD,
AVJEB
AVJR

2° AVB(M), AVD,
AVJEB
AVIJR A
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1. 5C Wﬁﬁ ﬁﬁﬁ

= AVJ‘R '=>

'-:_u'

'I
F
b

2. 15C MR f R
SVPC vee

e vy T Suw S|

SE,PC [;’:-:l!%)w SVPC VPC(E&%}

_B8s08-21 15:: ZVEgia

TTAVIER ST
v .

K3 ECG Dici#l (FE52)

1 RENROFTEER | OhTHES Nz b OLIN
& LTH,
Wi (VEB) #8d - 12 (i & bBRIRIEAEIRT
53). 2EORTOMFRALICBVT, &bic
KIRAME & & RBIRABZ 2L ¢, F415CL
TTRFERRIOABRE S 2 BRI P08 VR
iwdH - 1.

Fiho B3 1 EHIcRE 35 55 2 MHI IR
BWES, 20 1 EIHICEREEIZT V26
HOELohIich2EE5%2RLTVA, 15COE
BB 2 B 15 TIRR—BER (xHIOX)

LEEFEHRAE AVR) SOLFEHHARI

FAZLUTTh -, 1, REERLHE T
N 5 °C £ 15°C DT IR EREAL & D IFER O
Hk O R—BERDIE b1, i, 1EREE
2 [ HOFRBL L 7 R TR & SR o R
BRI - 12D 13 5 CIERAL OBERE KAN —H D
HTHo1c (SAr 32.0B L FLofREEIEoBE i
kit TH 3).
KPAHNL, 2 [HHoRERI B W TRERO
REODH -1 ELERLTVS, ThiHEGE
KA B REIRO B R 720 A, [EER D 28]
HINBPDOH 3 EBED SN '
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2.3 E®R3

HifiiZ kAT ® HRrest & 1 [81H 1271.9+£9.94]
4y, 2EEIIRT2.8+11.24,/ 2 TiRIZEHETH -
fz. 2 EOHEE /KO HRmin W 0.1
Y%kitETHE I HRrest KO IEWETSH - 72,
(1 [P E 3B EAL 5 ~30°CHB L UFERAL 5 ~30
COIET47.616.4, 49.718.4, 53.7TL6.841. 4
BXU44.6£7.5, 47.9110.2, 53.6+8.541 /9T
Hotz, 2MBERACFNIAT46.5E6.4, 499%
6.6, 53.2%6.51,/ 4% L 145.5+6.9, 49.8%9.7,
53.8£11.341, 4y T& - 72). HRrest D7kifi % K
#L BT, 1BIEOEBEMD5°CE15
COMERVT, 2 EORTOMHPRAICBWVT,
BEDEWE ZOHMBHEEBIKEE S - TEWE
TH-oe.

2 EoEmEKPIcE Y 5% HR OMHEBIFREK
DM RN T 2 K& &4 1R L7z,
BREDPEBLKEERE>DR, FEREMND5TCT

- R AL
1.07
0.8
0.6
0.4
0.2}

(1L

— 99 —
I EKBA0FLIBE, 15°C T3 358 LI, 30°CT Ik
5L T S - oo FERALD 5 CTIZISMLIAT &
30WLIFE, 15°CT 108 LT & 30 LI, 30°CT
340 LIETH - 1c.

2 EOBHEBERIKICE I 2 REHRKOFRIURED X
BB E & 4 1c, £ ORBGEGHIER] b IR 7.
R4 DABIRBEEARETORIASZH TV S,
Kh o *« HUF RERABL OGO R—BERL T
W3, BERBAOISCERV &M TIEA—KE
BIR2ZLUTTH -1, Tk, 2EORTTHE
AEIROFE BRARYE « HRYE) MeficAi—
IS BB o Fo. F R RBIE R R IE
S¥BE, 5CTLISCTIREREAE DFEEALO
F B RORHEBRER L 7.

3. % &

KB AR K EFFIO A 70 ANVF 2 v
701 2&LTHRENTEY, TDEXDHR

15C
1.0
0.8F
0.6
0.4
0.2}¢
0
=0.2

HHBEER % (r)

30C
1.0¢

0.8
0.6
0.4
0.2
oF
—0.2
=0.4%

[ — L 'l L i 'l A ] A A i
5 10 15 20 25 30 35 40 45 50 55 60

A 'l ' A A 'l i J
5 10 15 20 25 30 35 40 45

PomBER (sec)
B4 KEEcBT 2HEEKDOY% HR OHBERHRORRIZT (EE3)
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— 30 —

1. 5°C PRRAAL  FfTHE

2. 5°C MEAL ﬁﬁﬁ

201 D4:30 HR:69

3. 15C MREAL  HfTHE

4. 15C EWREAL Eﬁﬁ

VPC 21-10-/01 04:04 HR:60
EE L b Ty B

:110/01 04:04 HR 52
T AV

< 31/01301 GD 65 HR 58

é :AVJEB :,-

5 ECG Ofcs#] (£53)

DIE T RAE D FRENR D FEBURAE b S 7K e} 0 5
HOYMIEERSEEONES, L LYERICH T
BEIED ECG FoZfbomBltticowTidd £
DESERINTIKM -,

KER 1 OfER TR, FERESHEOBHEICMES 3
EIRFE B IS TEH VY, RERSRE T 5 F
TOHEFIEANEZEBA XV OB S N1

COZEHMR, ARAETB X OB R O R sk
DEFIHRET 2D LERINS., A8
MRFEHRE DFH, FHEFHBZE LD S HRmin & %
HRmin OZFHFEHAREVHEEICH 2 & b
Banlk, COEHOKRE SDFER, FEIRAES
FHLIFRBE R OBRGSERIEY & (LRt 3
BEMEROIGERRDOZICE I b KRS
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(A) BREEAL

w4 BRMECBY 3 RECEROMCR (8 3)

% 5 % 15°C 30°C
wERE 1 [ B 2 [ H 1 [ H 2 [ H 1 [\ H 2 [\ H
MIT — SVPC * — - — —
MIY - — — - - —
KON - - - - — —
KAM - - AVJEB — % — —
VPC
NAK — AVJR * -~ - — _
TAN AVJR AVJR AVJR — x — -
OKR - - B — ~ —
KOK - - AVJR — % - -
KOS AVJR AVJR - — — -
MAT - - AVJEB — % | AVJEB e
AVD AVD
DOM — - - — E —
KOY 1° AVB | 1° AVB AVJR AVJR 1° AVB | 1° AVB
AVJR AVJR VPC AVD AVJR AVJR
AVD AVD SVPC 1° AVB
AVJEB
(B) i B fI
NE# 5 °C 15°C 30°C
wERE 1 B H 2 [ H 1 [a] H 2 [ H 1 [[ H 2 = H
MIT SVPC - % - — - —
MIY - AVD = — — = —
KON — — - - - —
KAM AVJEB AVJEB AVD —  x - —
AVD AVD
NAK 1° AVB | 1°AVB | 1°AVB | 1° AVB — —
| AVJR AVJR AVJR AVJR
TAN AVJR AVJR AVJR AVJR — -
OKR - — AVD — - —
KOK SVPC AVJEB — — — -
AVJEB
KOS SVPC SVPC AVJEB AVJEB — —
AVD AVD AVD
AVJR AVJR
MAT 1° AVB | 1°AVB | 1°AVB | 1°AVB | 1° AVB | 1° AVB
AVJEB AVJR AVD
DOM - - - - — -
KOY 1° AVB AVD AVJR AVJR 1° AVB AVJR
AVJR AVJR AVD AVJEB VEB
AVJEB

SVPC : A

VPC
VEB

s E A
LR SR

FH v b AR -y Vol 17

AVJEB : BEE4IH IS

AVJR

- BERGHEERESR

1° AVB: 1EB£70v 7

AVD : BETHEE



S 32 —

h3., i, RELERONES—HTIIEL,
Wi & BRMEDOIRA T 2 a0V E
bEE I N/, VPC BkEMBEREIck-TH
BREINBIESHES L TVED M, REIR
FH & RO TR & OB, BEBEIREAR
MR U TR DS, MRARIEEATERR XS L
T3, FESRVEERE LTERTAEEZ SN
TW5 .Y, BkRHREE L TREMROBS
W TH D P, AFEERTHIABIRFEB DS -
72 2 ADFEFRBIE X Y HRmin &% HRmin 3K
Mmotz., UL, Manning 52 I3ASREMHER & 2%
FEAIRE 4[R2 & X & 2 SR & RIR
HOLRBRBLFLPL TV EAIERHLTEY,
AERD 2LOWBRED L ST, BAEOREINRK
DRBDDH - 1chfy, REMEOHSG bHEETSE
BWIEERETEHD0THAS. hIZHE
K RERIER S E0 ®, #7353 v
DYMEMbAONE D TE%EL L bHEIN
5.

K2 TR, EER1TEHLINAEARIRFKHEOK
BoOEo->2DKRX&E2ZELT, 0MWLIBEOR
BIR & HOBIREBR S 2R E L, KR
3T}, AELEER 1 OFREREER L, 2 THER
HREIRP DI STEES NI EDS, Ik
B AR L, [IEEETORB L SMER 2
BRTAIHRE L.

GBl—BXUHEZEZ B L SBEENENIZE
Bk ® HRmin &, ZOHFEKEIIRLS
DEEZERL, FRARRAEBEE IZVEMICH
BREMHBEBOELREN. ThREEIEFEL
reEm KO HR KRG REMR O FBUKREIC
BHEMNHZ L ERETEHDTH 3.

HR OETFTRE[EHETH 5% HR OHHEIRK
h oK RFZENE, F—H B L Tlz—E Ok
ARV TREDRMAIB VT AR BT
[THY, HEER LGS ZRKKRIOMLFEIC I
WL CTHEELZE > ERE N, BIAKE

BROBEEH A HZEFEMD 5RO REIROFKB#H
BoZBHOKRESEZBET 2651, LRz
T84, MWL LoRErKELShE L%
RETBEHDTHAS.
AERABROXIEEFRE, R—HBLXUOHEZE
Z1BAE SERENMDISCTEBRWTIREBRNER
IFEEZ O, FRRBEBEREREL LGS,
5 CEI5CTIFEEM DL BRI BN & b BIF &
Ezonf. F—HOEE, 15CORKREL XD
FEEADAH 2 E S HRmin (3EEICEL, X
AR O BRI D W ASAREENR O FEBVRE D&
WKHELTVLWAZ LN RBEh:, RERORES
CHERRYE « #RARYE) oxfticBIL Tk, F—HOD
—Blic R TR —BPBESNDHT, Thid
CUAKHIE L TIRABZRETHA S,

4. F LY

1) Ei5e108 OBk T i, RERFEBO
BRI L CTREAREMEREEIMBERI L. &
L, FERAEBFREHEIEESHIKRE L, RBE
FEROABITLIC—ET 2D TS 572,

2) 2EOHBiIEEKEFICBIT S % HR OB
R, E—HoXRRTIE, 5°C, MEMDOSH
H &30 CREEA D30 H Z R W T RTHEMLK
#EAG L FRHEEEZLBAR, HERKE
30 LIRR Il L THEL/KEAEG I 2R SR
» o,

3) AERFHOMCBRKE, F—HBXLUH
EEABEE S, BREAMDISCERVTIRIL
BWHBIFEZEZ ot FRREEHEHESL T
g, 5°CEISCTRTRM DG HERBRE & D
BifE £z o,

x M
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The Effect of Hydroulic Pressure on

Heart Rate and Blood Pressure

by

Shigeo Fujimoto, Shigehiro Tanaka,
Chukichi Miyamoto, Hidetada Ohshima
Institute of Health Science and Physical

Education, Osaka City University
Naotsugu Kurihara
The 1st Dept. of Int. Med., Osaka City University

ABSTRACT

In 16 normal males and in 8 patients with COPD, heart rate, blood
pressure, arterial oxygen saturation and analysis of expired gas were
measured on the ground and in water of diaphragm level at rest and
watermill exercise. In body immersion at diaphragm level, resting heart
rate was significantly bradycardic but blood pressure was unchanged.
The relationship between heart rate and exercise intensity was unchanged
by a hydraulic pressure.
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w B

K OZM T TIRREINT KR, KE K,
FHIEEIT X0 R « FERFROA PRI E
BT, E oI KPEHRTE, KEROE
KA 3 7o HEER O A BHFE B I3 PE LR & 13572
5> RIBERET 59, L IKBEic&D FH
B 5 & RMETEERICE LA T, BEA
~NOFIRERBHIEN T 2 f2dt 24 20 0dH
HE BT LG snTwa, —4, EHU
FEITD 9 AT, AR LI UIEESRE O
EELTEBO N L —= v 7OBBTREINT
W3, KPR T OIS LU, EEicpE
SOOI R HEEA D &id, K
HTOEBEIEE T 25X THERLILEELS
ns.

4h, bhbhEEAL L UERE TEED
SUBRE A 2 5 BEEMRIC, KhETOLMH,
MMEXT 282k Lic. & owkguES)ic
Pk S DI ORI G 12 > W TRET 2 N A THIY
7 5.

1. MBRELUVGE

MR HELIOH T, FIIER19.9 2.1,
{AH68.9113.6 kg, SEMOEEE T3, EROL
SEIC & 2 B HPAZEVENIZE (LUF COPD) #
HSPIDBIERA L., FHEMT0.313.25,
RE55.218.2kg, LI O B R M R 3K i BE

%1 Summary of subjects

Normal COPD
Case No. 16 (male) 8 (male)
Age (year) 199+t 2.1 70.3£3.2
Body Weight (kg) 68.9£13.6 55.2+8.2

Body Length (cm) | 169.0+ 5.5 | 160.9+6.8
% Fat (%) | 23.9=14.6 12.6+2.7
LBM (kg) | 50.8+ 5.2 | 48.1%2.7
SpO:2 (%) - 942+1.5

LBM ; lean body mass SpO: ; arterial oxygen saturation
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(Sp0:) 1394.2+15%EIEHETH -7 (F1).

DA ORIEER, 7 VILEFTIc& iT-7 1M
HEREEHH» o~y =y MERKDAGE L.
BE, BIEROAEIR7 = —A<vRI7ZEEL,
BRmEGT TRIEZAE L, REBIEIE I 7
Bl 2o E=%— RM- 280iC & © breath
~by-breath TFESAH 2 &7V, IMAELE &
blcHibiaisk Lo, BRIMEREEIE (SpO.)
& Kontron Instruments #8i4f ¥ — 4 + v X —
FICEDRGE L. Rk ORE IOER, FFR
HABLY Sp0, %23 L 1RET, IMREHO
1038 IR « OADIZIE—EIE LT & %
MR L TiT - 7o, KBRS Ti37kiR34°C ok i
BRIEKALD L~V TR0 DI EF R, [alfk
DREZETT - 1=,

P LEE) O Fo ba—nid, BEARRMNLVY F
IWDAE—=FMN50m/min 256 3 43T&1220
m/min 9D AE— FDA2H L T @itk
THITOTEBMRAFE TIT-7%. COPD BH T
i, Py FILORE—= FH30m/ min, 40m/
min H#EL P 50m/min DA ¥ — FDOEMETRE*
o7, KPR OEHEAL, KP b Ly FIw
Ik OB R EERO 7o F 0 — L cHTER
17 - 1o, EBEEOREILER, W5 252
fTo7c. 7338, COPD B TIEERIZFE S KR
KIMMEMBA L B72, SpO, 2E=% — LD
EE AR %17 - 7o, HETLER IZ B PN HE#L 1< paired
t-test ZHV, fEBRR 5 BLAFEHEEE L1

2. % B

LR DN RIS /KL O o W TG
L. 7z,

A TREHFOBRBHER IIBE FR0.21 =
0.04 [/min 5 5, KK T130.2020.06 /min
EEDL OIS o oS, MBI ERFT4.8113.7
#1/min 2 57KkH0%63.8£14.641 /min IcHE (P
<0.000D) KU, L7ch-T, MRFEIRIIPE



SP 36 -

FF52.78£0.56 mi/ Hdh &K HF3.28 £0.86 mi/
HicER (P<0.02) kgl (®1). COPD
BHETE, KTHHFORKHERIIMELRFT0.26+
0.06 {/min #* 57K H0.2720.05ml/ min &%
DS fohs, DHEIE96.3113.841 / min 2
57KH86.49.641 /min ILHE (P<0.02) 3

BOERL 7o, S BBREMREEE ERF2.7220.70 m
/#, 7KHhB§3.13+0.62 mi/ Ha & BEMBER] i< & &
T (B2).
ZEEOMEICRIFTKEDOREEITO>WT
COPD HEEXRIC L THRET L. COPD H#H
o 15 o I AE A I FE L e B 2 15125.3 14 .4

NS P<0.001 P<0.02
0.4 ] 1201 [ | 6.0 ]
__100f 5.0f
0.3F £ —_
% S i
g} 3 L
= £ sof E 40
o g -
=20.2F 3 3
-
= ™
£ g 601 Cg 3.0F
0.1}f
40 2.0F
A 1 1 il 1 L
Land Water Land Water Land Water
BI1 Comparison of oxygen consumption, heart rate and oxygen pulse
at rest between on land and in water in 16 normal subjects
NS P <0.002 P<0.1
0.4r 1301 5.0(
:E I - \
£ 110 \ S 0
—_— L. T
P 0.3 § §
< I = K
= = 90F 3 3.0
= S
L = o
L4
0.2F =)
70 2.0F
1 L 1 1 1 L
Land Water Land Water Land Water

B2 Comparison of oxygen consumption, heart rate and oxygen pulse

at rest between on land and in water in 8 patients with COPD
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B3 Comparison of blood pressure at rest between
on land and in water in 8 patients with COPD
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B4 Changes in heart rate during graded exercise both on
land in water in one case
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mmHg, KETI3124.3+12.2 mmHg, #hiEL
I FE 12 BE F#%82.0+6.3 mmHg, 7KH881.5+6.7
mmHg EKRICKBZFELEEEr» > (B
3).

HEE AL S DD RIGIc > W TR L. E4
19RO EEBHEOEGR OIS DMADK
EER LR, DEEE V,, 0B, wFhb
r =0.99 & FOWIEMBIAED b h iz 2%, Bk
FETIR y=49.2x +71.1 o—&ERFRT, K
A ITH T y =46.7x +64.9 DR TR T &
T%35. ooz (LT HR- Zu—7)
i3, BELBITEETIR49.28 /1 T, V,, BRI
& 11/min ¥Md 2 AR TE, LHEREIE
Wi X 049. 2N 3 Z & AR, —4, B
ROV R EETRTLIHY» 5, KbEETR
64.941L %9 6 41/ min B L1z, Lo LkdaEH)
o HR- 2o — 71346741 /1 &, BEERE &
EboihotlEkyKbhowdFhoARRD
EEN TS, BEEFICHA~DI OIS TE
BTEBIEERT.

fEE16Ho HR- 2 v —7DEHIE, B L
TI342.65.74 /1 (V,,), 7kehB§41.5+5.64 /
L(V,,) LEBRREERZBD S -7 (&5).
—J%, COPD BZ o L EHI;O HR- 20— 7

NS
r —
P<0.01
I 1
NS NS
80 f ! f 1
—
- |
s T
= 40t
20
0 Land Water Land Water

Normal Subjects COPD

5 Comparison of heart rate slope between
on land and in water in both normal
subjects and COPD patients

.E 140F
=
-
= 120f
o
=)
~ 100}
ﬂmf‘ © Land
80 y =49.2x+71.1
R=0.99
60F ® Water
¥y =46.7x+64.9
wl R=0.99
0 0.5 1.0 1.5 2.0 205 3.0
Voz(ligmin)

6 Changes in heart rate and arterial oxygen
saturation (SpQ:) during graded exercise
both on land and in water in 8 patients
with COPD

351.019.641 /1 (V,,), 7Kehil BBk T (358.7
C1T3A/1(V,,) LREALD bRBRTSH -
fz%3, COPD B TR M7 T &kl H)
RTREBECRES LD 12,

COPD #Ef| 0 By 1z f 5 L% & SpO: OZ
b2 BE By LKl THBR L 7o KHGEE)R .0
B, Fl—ffrky Ty 5 LB bR X b D
Do 7205 SpO: BREENCEWET I 54, 20
ETORERESSEP -7 (R6).

3. % B

IKRIC X BIEBR KT 2L LT, RO
DS EEEA, COPD Hi#F & & IcRHENK 01
&R - THRICHD Lss, [FE INFEES, 3k
RS BIcEDLSID - 1.

AN@KRITE b, KHE, KEREEOFEEZS,
BE b &G RE - LERIGERT LRSI T
W3, SEOBRKRMELE LT, KBBLTHEE
DFYET PRPF I EBD/DITVMTCTO—FED
GHTREZT > 1. F1, KEIZN - WERIC

BV OEREED LN TR THIE L

7.
KB & OB B A H = XK ELT,
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FTMEEBSORENEZ SN D, —RICKEE
DL S BIBEAE ORIR ORI & - TRE 5.
KRICEOHRRCKIZTEEL LT, BB
RETEE) O JUtE & AHANETE B ORI A ME SN T
BO?, oM RIETIERII & D RIROGHE
N5, bPL—=V Ik TEHRICRIRICE S A
H = R b bEISREAR O FRMBS-3 A [E Ui
LEZIONS,

B2DAH=XLELT, HLERHINEHE
ETI0MEZAROBESSEZLONE. 2D
KIRIT K O FRICKERL 2B 120, HLNOFH
IRERRSHEMT 20 2429 ZofHLADM
WEOMMEZ, ELvt7s—%0 L CELEP
wikZEs| &k 94, VbW B Bainbridge ZIE D
BEMREZL ONB. & SIcHLNOHEFIMKRD
B, starling OFEANC X b, OHHEEOREM
ZH|ZR 9. SEIONE T, Kbk ORI
RFEATEIERICHEML, COPD BE T L
INERIAERD St & OBRFEIR ORI —EL
HHROEmMEZRE LTV, bhbhid, K&
REDLMAMB ZER] L, WRIRAE U 2 H5—E0m
RO T 2 BN K E Wi iR
MU EE|E L. ORIl - 7284
Wk, Kk 3 —EIMEHE OB E P - 72
IR U - mlEESEZE L 65 5.

DEWRKBRICEBMENDHEEIC > WTEERT
5. MEZRET 2RTFE LT, LEHOIHE.
AMIMEEDE BRIEROBISHHION TV 3,
IKRIZ & D ORI U, O OYHE /) h35
LCNMEE R ERT 2K 5@, LhL—
A TRKEC X 2NBMROFEE LT, GLE
FEoi#icky #5335 3 vEEOKT, HFIR
+ V€Y (ADH) 040, LEHERIK
WE Y (ANP) O/ MORHES 2D 77 2 AH: U
3. INORIMEZETEES XD IERT 3.
ABEIOBETE, KBk 0 INEES & CHEEEY
MEEBIEELEL DI h S DR
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EH S ARG E LT, ARRIC
Bl L CEBICHENT 22 MM TV, B/
4l lickdic, BBEERZT TR S K ES)
BTd V,, el Tr=099 EEHVAEB%RL
fo. Uledd» T, EEYR OB 2SR D0
HEERROBEETH IR0 —TIck > THRE -
T 3. Aok TIE, BEATEELED
HR- 2o —7 L kKdEHKO HR- o — 7
HELBESED ONL ot REpFETE, Fid
LickdickFEic & h BtERICESRD LN
fo s, BB TRAMBOMINCE & EVRIRK
MERROMBRO ST, RKIEMEROTIEMD &
NHICEBRB oI EHERESNh S,

COPD B#® HR- 2 v — 73, Bg BTk
1$51.019.6%1 /1, KBsTI358.7£17.3H1/1
LHEALDED - . COPD BEEfD HR- 2
o—7%8EdTBHRTELT, K&, SpO., ~
ESoEVRRBENESGLTWEI &2 HEL
to. SEOREAEOHETS COPD BE TR
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#3 COPD BEB TR S/ T & 13 EEIF DL
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