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Development of physical function and exercise program for patients with chronic
heart failure using supine ergometer exercise equipment
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The purpose of this research project was to comprehensively analyze the
physical functions of patients with chronic heart failure, such as cardiorespiratory response,
muscle activity, autonomic nerve activity, and peripheral hemodynamics of lower limb skeletal
muscles, when exercising on a supine ergometer exercise machine, and to consider exercise programs
based on the differences in exercise load in patients with chronic heart failure.

As a result, differences were found in the blood flow velocity of the dorsalis pedis artery, muscle
activity of the tibialis anterior muscle, and sympathetic nerve activity in patients with chronic
heart failure compared to seated ergometer exercise. Furthermore, double products and perceived
exertion showed exercise load responses equivalent to those of seated ergometer exercise, suggesting
that supine ergometer exercise is an exercise style with a similar cardiac load.



1. e S OB R

(1) E5 & PR O A EEE ICE T 2 EETT E, EMREFUEDR M x <, hiRER ~ oK
OERIE DR EX B RH DR T 2 2 FET 2 b 00, EEUTICHEET 2 5EH 2 % < #E5R
T 5. BMLEBIBRENNLCH Y, T X CORERICE W TRENRALD S PILENIKAL~D R L — Xz
DB OB L2 CTRIBICEMTE 2 2 L AT, FHD o OEHN AL Al GE T YA I B
5 LEZT.

(2) BMZic 313 25E3EE, LI BisHE T L I A — 2 — 2wz 7' a7 7 AolEt, B To [
HILITA—X—% M7 EE O - JEERERR~ 0P8 o Ul X W iREt &, BifE, BEY ~e )
TovavhECHIEHAINTHRD T3, Fric, BMiTcox vt — & —#B) i3/ E A= & Bk
BAERE 238 A IR RT B et & 70 5 & & PHIRER BRI O E L X T h vl L R 0L se
P BRTEIEM & HEEI%MVC 23 IEMBE T2 2 &7 &, BMio v o A — 2 —E#8)ic X 3 EFRRICD—HRH
LA oTE, L L, BEOCAEEFISTT 2EEHICOWTHRIEL T lREIRD R, i
BREE Tz,

(3) FRRISIIC 3 5 FAMLICT, ZEEE) o SLERHHZ MG 32 C L AEETH Y, BRIENE
TH5. Ioic, NLEEOEMIL, BEE ComdE s o, WRIEERRIS, HEMEEE), 2 b L ARIEx
EOFERIC X YV R Y e ) B EOEEI R ORI SEE L E 2, BIE LA REE ~OEIG 2 AT T &
% L REZ LTz,

2. MHEDOHM

RO HE, BT T4 — & —EEEER 205 L 72083 ic s » T, BIor i odB) a4 o
EOCOSIFIRIEERISE, AiGEhE, BERMREES X O T BCE R O R I TEIRE 7% & D S RHEEE % Rl R
MWLM TS 2 2 b TH o7, oI, TRERZEIC, SinEIcS o2l 2xRIic, B
TN A =& =l % S BRFSICEROE S NEBNLTT O FREBEIT 5 2 L TH o 7.

3. WDk

(1) ESEFTHE

R T A LA R EBHE 2 W RICHITBIEE & LT, o)L o X — & —Ef) (SicEx #) &
BATT A = X — &% —3#8) (SupEx ) OFNFRICOWTEML . EMICH Y, WliFE cEE R
EBOET 70 I BN HEEI L A — 2 — AL, LiES Ao RRT L I A — 2 —HEOLT,
Peak VO2) 2 R L 72, FENi/5iE1d, ACSM's OEBILITH A F 7 4 v IicHEL ¢, AR ramp & &
L, 4 Mo %FEHO%, 345D warmup % 10watts TITV>, 57 20watts 8 X &7z, [OlHEE0E 50~55
ml/pe L, BEREAR TR o 2REE TR T & LTz, B0 N7fER A & B @B A o 858 L O 3 E
Z{To7. ACSM's DEBLTH A F 74 e XY, HifE (VOzmax @ 40~60%) TOEEAHERE S h
TWZ &p b, Sit Ex BEOEENEE % Peak VO:2 @ 50% K0 {133 (50%peak load) & L 7z, Sup Ex #E D



B VX B B R O e KRR B R 13 ARSI~ € 14%F EICKfEZ /R 32 & A5, 50%peakload
N2 T 14%{%4E (50%-14%peak load) & L 7z,

2) #fpre ba—n1

FEALEB) T 4 RO RE (R) 2HLY, % D% 20W3 4D warmup(Wu) %47\, 50%peak load 12T

10 5y D & Aan (Bx) 2 i L, @B 3 2B D cooldown(Cd) & L 7=, BALLEEN  FEREIC 4 778D R % HL

D, Z D 20W 3 43D Wu %17\, 50%peak load 12T 10 437D Ex % Efti L, #HE)E 3 40D Cd & L
7.

(3) MEwEH
O F Bl E

HIKHE RS E (LOGIQe : GE ~VA T T+ ¥ v N RS &V R EBINR DAL E % [FE

L, L= (ALF2IR : R &4 T F AT v 7) # v C, AREBIROE Lic 7w — 72050 117,
B oI E (Flow) & IMHE (Velocity) DHllE %17 - 72,

(22 1Hi 5 76 [ 52

b B o HIE I kKRB (2 727 vBERNY LT 4 T L EHERKRR A 2HV, WG
ST 5 2 LI K o TT o 7o M 1A I o0 KBRIE R (RF), KBR —BHA4MIEE (BF), HTFEH i (TA),
IR AMAIEE (LG), & 7 Aff (SO) DFk5 /e L7z,

@ H RS B E

ARSI OBIE I3 X LA v 2 fi#TEE (Bonaly Light RF-ECG : EMG #:#) % fw7-. RRElE%
JEBERAENT L, 0.15-0.4Hz % R (BUT HE 5i4y), 0.04-0.15Hz % KA B (LU LH BSY) & B %
L, LF§4r & HF B5r otk <b % LF/HF %5HAIL 72,

@A

HR #lE (2 0EX (£4F22—77000 ¥V —X DS-7100 & 27 2 ¢ 7 7 KEFHREREHL), IHELI0
JE (systolic blood pressure : BLF, SBP) D #liE (312

EEH, S5 h7 HR & SBP of&s & DP #5HH
L, SitEx Bt & Sup Ex BEO & C O FIE 2 EB 0.0 EBR OB & L TR 72, FHIEY (lower limbs)

&M S5 (Body) @ RPE #HIE T, LMEREBICE T2V ) T —vaVICETIHA T4 V)
D3ERE L T2 5 [H Borg Scale % 7=,



4, WHFERER
(1) FHmFtic BT, Flow T Sit Ex #f & Sup Ex ORI THEZE IZ7® b7 h o /2. Velocity T
1% Sit Ex B & [t~ Sup Ex #£D Wu, Ex, Cd 3EEaEEEZ R L7z (* p<0.05).

(ml/min) Flow Velocity
50 600 * * *
40

500

30 %
20 P 0 Sttt £ ~~~~~ 400
s 3 b4 === +
-
10 2= ? 300

0

<
~
~—~

10 Re Wu Ex Cd 200

—e—sit Ex -4=-Sup Ex 100

Re Wu Ex Ccd
—e—Sit Fx =#=Sup Ex

(2) FHfmiE#cs T, RFE, BF, LG, SO TiZ SitEx#Ee Sup Ex OB cEEEZRR D O NA Do
72. TA T3 Sit Ex £ & Lt~ Sup Ex £ Wu, Ex, Cd i3AER{EMEEZRL7Z (* p<0.05). F7-, SitEx
L H~ Sup Ex# @ RF, LG, TA, SO ClIfiikEEMEKiE% 5L 7.

1.5

= 1l
0.5 i

. [

Re Wu Ex Cd

OSitEx mSup Ex

(3) BHHERIEEICE T, HF €l SitEx B & Sup Ex ORI THEZI1I#D b izd - 7=. LF/HF ©
1% Sit Ex #£ &l Sup Ex #D Re, Wu, Ex 3B AEEEZR L7 (* p<0.05).

LF /HF (Hz) HF

200

Re Wu Ex Ccd 50

=@ = Sit EX e=@==Sup Ex 0

Re Wu Ex cd
—e—SitEx == SupEx

(4) —HEfE (DP), ARMEENHEE (RPE) i3\, SitEx # & Sup Ex O CHEEIIRD b xh

27z,

(5) BB T L v s, SHBOREE
KifFeHEOR R T L0 5 &,
OB o X — 2 — BB 2 TG L 72 E B W T, 8 0A L B E oSS £ i & 01 W 2SI EER



IO, AnEEhE, BHAMRIEEIS X O TR O KA AT 7 & o S ABEEE % [RIRF T U 8RR I fig
922 &T, Bz T — X —#ENICH AL T LT A — & —@H BT, BREHIROMITEE,
HIIEH i D G E e, SRR RIS ICE W A58 b T,

QAR 3, Ak, EBIC X 0 BRI E) & BRI 12 ERT2 7200, BN I L <L,
Z OFFREINRE b EBREL I HHI L T LA 228, BHEOAEEFERNRE L2 ARWEHEIC B TRV
IR — & — BT IR A SRR B 2 0 %, KGR & RO RTREME YRR & Tz,

@ F 7=, FHAEENIE, BTl o X —x —#@BcE W CHIEEHCREEAMEMEERL, *OMbFkEd
HEATZRD R VD ODMMEZ R L, OGS 2 LEE L WilBIkTd 2 C L 8RB iz,

@ o, LAfEEZRT EHE (DP), HEMICHKITE L2 RS HREMERREZ (RPE) 1, MLz X
— X =) L FAEOEBAMICEZ R L, CAMEIRENIESKRTH 2 2 LAIRKRI N,

O L7zhoC, ARMREHTEOWHEIEL LT BELAREE T VT, B ES a2 073 %
RTBERE & L CHUY MEnE B e LTI I A — 2 — D FAMERB I Nz, 2Dk, SHITER
DA AR N R & 7 218 AR E O EREE D COBICHEEZAS 21035 2 & T, RIS HH
BEBPVICRDIEERD.

<51 FCHik >

1. American College of Sports Medicine .ACSM's Guidelines for Exercise Testing and Prescription.
Lippincott Williams & Wilkins (11th):2021.

2. Rowell LB. Human Circulation Regulation During Physical Stress. Oxford University Press: New York:
1986.



’ ’ ’ ’ 27
2021
152-157
DOl
2 0 0
A
26
2022
42
2023
0







