1 =l 2*
&3Y, 729g, 34U
'HNoE Y B0 MEZAHY MEo|SE, 2HMQEH Al

=S 4 AR XM 2I-EHE IS
= k=

https://doi.org/10.32337/KACPT.2020.8.1.19
SRS S22IX|ZSHS|X| MI8H AMl1S 2020, PP.19-25

Purpose :

HFrEF patients. Methods :

and 21% (p=0.012) respectively. Conclusion

Key words

Received : May 19, 2020 | Revised

The Effect and Safety of Recumbent Cycle Exercise in Patients with Heart Failure with Reduced Ejection Fraction
Jung-Sub Song PT', Ho-Youl Ryu PT, PhD', Seok-Min Kang MD, PhD?
'Rehabilitation Medical Team, Yong-In Severance Hospital, Yonsei University Health System, Yong-In, Korea

2Depz‘. of Cardiology, Severance Cardiovascular Hospital, Yonsei University Health System, Seoul, Korea

Higher levels of peak oxygen consumption and maximal aerobic capacity in patients with heart failure (HF)
can lead to improvement of clinical outcomes such as morbidity and mortality. For this reason, cardiac rehabilitation (CR)
should be applied to maximize HF patients’ aerobic capacity. However, several precautions are necessary due to
unexpected cardiac adverse events in case of HF with reduced ejection fraction (HFrEF). The purpose of this study is to
investigate the effect and safety of recumbent cycle exercise and regular training in order to apply a CR program for
72 HFrEF patients completed a cardiopulmonary exercise test and a knee extensor maximal
voluntary isometric contraction (MVIC) and muscle power (MP) test at baseline. 12 HFrEF patients completed recumbent
cycle exercise training (50 minutes, three times per week) for 24 sessions, followed by a post-test. Results
population consisted of 12 HFrEF patients (age 57.5+ 10.8 years, all male). All subjects completed 24 training session
without adverse events. Compared to baseline, the peak VO2 and six minute walking distance were significantly improved
by 16% (p=0.003) and 18% (p<0.001) respectively. Knee extensor MVIC and MP weresignificantly improved by 18% (p=0.002)
: Our study showed that recumbent cycle exercise could be an effective and
safe exercise training method to increase aerobic capacity and leg muscle strength in HFrEF patients.

: Heart failure, Recumbent cycle, Peak VO2, Muscle strength, Exercise training
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1. G+ iy

& A7 Y Amd A% AlE Weldt |9/ HFrEF gkt
729 Ao g lglck 7)1E AlA A A (physical fitness)S =
Asl7] Yol 5 Hol A7) (cardiopulmonary exercise;
CPX) Ao} 37| A Sl BE AAE uil 7,
B ole] 22z} 2HE Aol B meTse] 4, Bl
719 3k 5ol e Ageisiont, Zeagel Hoig A
12599] FAHAFDE PO Ad FIS wkch £ ¢l
Holeh RIS Uubd BAle theat LTHE 1),

2. A7 Wy

A Hole] CPX A AR whof AllEjof Hegt &
7279] & HFEF S-S die = 7|2 ARade S745P]
23l CPX AL sHA] L HARE sI3ith 7d AN e
Z 7P S weuss o S AlE S HHUE ARIE 5
T 220 Su 7| ankE ATk E}. Al $4 &
2 ;o] Ao E st 12959 YA HFrEF 3R}E tile s
M FoE W2 2, 64 H FAF T P AFS 9%
SHHE Aol AT Fot Fdhes AAE 712 ARSItk
o S0, 7 3%], F 2439 & Z=OS vl &, &9
Adp 22 HARE ARSI HHHE &9 2204 3o
oAl AUAH ti2T(60%)oll tsiAl= CPX AR 234
AF = 7|12 AARA AAETS vl g S5 dl Q=1
= Agstal 7MY $4 L2 edsk=S sigith

H 1. S99 igRLe] ke EM
Age(yrs) 57.5£10.8 59.33+13.7 NS
Male(%) 12 (100%) 60 (100%) NS
Height(cm) 169.1£5.7 168.1+£6.7 NS
Weight(kg) 73.1+12.8 68.3+13.7 NS
BMI(kg/m?) 25.5+3.7 24.0+3.9 NS
HR(bpm) 77.5£10.8 86.7+18.4 NS
SBP(mmHg) 93.7+10.6 109.5+19.4 .008 =
LVEF(%) 25.949.5 26.9+7.8 NS
Ischemic(%) 7 (58%) 32 (53%) NS

BMI: body mass index, HR: heart rate, SBP: systolic blood
pressure, LVEF: left ventricular ejection fraction, NS: no
significant *: P{ 05, MxSD
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SHHE AfolE 28 £F 208, frika 25 2042 B vzl
T 52 B EgS 7P‘ﬁﬂl Hysin] nhe] f-sa ARSIt
Al A AHE ZFA] AH|(Telemetry, Philips,
USAYS olgslsion, SEsns) et YIS Aol

A (127) ti2(607) 2] 712 Al A& S5
£ CPX 7AKE Alaisiaick 34 A
W gl AN 12 65 AEe} Het 247 b
ol SFRSEF HAF A2 E(treadmill exercise testing system,
CASE T2100, GE, USA)S o] 831gom, 538 714 Hae
Quark gas analyze system(COSMED, Chicago, IL, USA)Z
olgalsick 4% wal AheE Al ol HREDS 0§
w7} n|AlsHA Z£718k= Bruce ramp protocolO]E} P A
Aetrel 427] W 5 B AT(vitl signS ZHT T 03
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2016).

2) A & FA HA

AB(128)3 2260 41 = A4S 2]
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AL upRl & FEIRA AlATO] L ukel(muscle power; MP)
Sskoith AlFo] e Ee tidAtlA 223k Ao
5817] flsto] A52] 20%] sigsle A AlEsieion,
103] 2o 9l £ AHSHES slo] 4% 53] ks
HEoR tiro] B4 Aol olgsigick

é il JIN'

SHUIE Abo]

Nlll

A% §st Fdies A

28 dre R 9 =g AAsly] flste] 23
St 2|tes AARE ARSIt ALl o=t
JH]= Smart recumbent bicycle system(SRB200H, Korea)
OftK1E 1). Y A] B AEE 2A3t B 10 watte] Halof
A 60rpmo] SE AN AASITh 18 10 watt 4
Hal7} 2 slo] Zojital 120 wattz 125 Eok Al

r

3)
AlE
=

T o
TRSY
of.
0?~

jako)
ol\
—ln:

A

=
b

o>*l [

O3 1. 2|HHE AOIE oI210lH

o A A AR ol B7otT 60rpme] 4

102 o4 fAJ81A] Lol Fet 518 HojFs}(maximal
workload; MW)2 ZA3t1 AAE U389 &% AA =
g AS= CPX AAR} 24 38akct 2 243515tk gAHE
/\}o]a Aq{ﬁi 74/\]. =3 :QZ]—E:I x_,,g} AI;HE 7?/\]14 CPX 74/\].
AHE o3 AT

u xg

1) Ed=UT ARUE Hjes A HHA
7 dpGel S e Kol
Al

=
wd %"o—e' A T AEe *]7—} 5% A&x(visual
analog scale; VAS)E o]833ict. A giAAEoA] ‘VAS
072 13| EZo| gl AlHlo]T VAS 1072 Zoto] E=o
oln|gh}y AHst T, tARlSe] A &E A w7l = Ho
o ArE T o R AAstES Skolrh

—

E oA =A ??_P HE djo]Ej= SPSS ver. 25.0 X273
/\Px}— _4 Ohﬂ]-zq __1\4 o OPo]-E7] H
AT tizate] 712 AR
o *E‘;;u 4 Zdﬂ 79 Aliﬂﬂ
[e]

Bonferroni AREAAS A|S514
W HHSE 7419} SlRHE Aol Hrhe:
Al & A5l B35 Aro| Alol= gl
24 ol g3tk BABHA 9 4L 052 Atk

HHE Aol2 &5 Zrawe] Boig U 1299
s} Wi 243le] el meae bEsl) e & o
Fo] Ashe vheat 2t

e

1) At gz 7

ZHHE Alo]E &R 3t
TH60%8)9] 7 AAAAS AT Ak ohaat ATk 2).

AEe] T A A Ak AR 17.37+5.25 mlkg/min
o7 thxe] I Ak AFEH21.51+5.65 ml/kg/min)kETh
23%71F frefstAl Hokth(p=.022). T2y CPX &5 A& Al
7k MVIC®F MP= 213t zte]7h gigich

2
i r
_\91:
X of,
<L
>
juied)
[
o
o8
i)
u)
Y

HEE A4 AR XM 2HHE A0IE 239 g =3 Fat ¢ 21



g E A =se)A] A8 A1s, 2020

2) =Y 5T HHHUE AolF HdleF A &Y
B3t T

Ao 1298 e 3 EYuY Hdilsy HHNE
Aol Fdies Al B AT Aol vt AHE 3).

Z)AWE AJo|Z % A] AUkl 109.2431.7 bpm o2
EF=1(128.7+32.0 bpm)Hr}l 16% HE 9051 7asts
tHp=.015). HHE APlE FHdes A +571 42
103.1£19.4 mmHg= EH=E(118.0+24.4 mmHg) =t} 13%
71 oot Akt (p=.014). 2IRHE AlolE HdleF
Al A Bk Rl 113.9443.00.2 EFEW(153.5+455.5)K
o 26%71 sl sl 3ith(p=.002). EFEY Fdie-s
Al FERE S T4t S SYME2%) 2R VASE
4.3+1.001910L}, 2HHE Ztle-F A] 0.9+0.92 Fo|slA 2
AFFATHP<.001). R5Y} FE& ot SAf= 47 1gor
Ef gl 2lHREA VAST) Wi syl 2 &5
Al F82 Tagt 199 shlofA] Fgo] AR AHl= EF
EoA 122 bpmo]Rlal, W E M= 137 bpmo|Rith

Experimental Control
(n=12) (n=60) P vale
Peak VO, (ml/kg/min) 17.37+5.25 21.51+5.65 .022*
Exercise time (sec) 550.4£257.1  595.6£190.1 482
MVIC (N) 424441042 410.3%£114.7  1.000
MP (watt) 155.6+45.5 1572719 940

VO, oxygen uptake, MVIC: maximal voluntary isometric
contraction, MP: muscle power, *:P{ 05, mean£SD

# 3. Edfc2n 2[HHE AO|I2 ZH2S Al &3 Y29 S5

Recumbent
(n=12)

Treadmill P value

(n=12)
128.7£32.0 109.2+31.7 .015*%
118.0+24.4 103.1+19.4  .014*
RPP max (bpm*mmHg/100) 153.5£55.5 113.9443.0 .002*

HR max (bpm)
SBP max (mmHg)

Knee pain VAS (n=5) 4.3£1.0 0.9+0.9  <.001**
Back pain VAS (n=1) 5 2
Angina VAS (n=1) 7 4
HR at angina (bpm) (n=1) 122 137

HR: heart rate, SBP: systolic blood pressure,
RPP: rate pressure product, VAS: visual analog scale,
*:P{ 05, **:P{ 001, meanxSD

6w R Adl= T A 433.7£106.7 mojA T &
512.7+80.3 m=& 18%7}2F S-0l5H4 271815 chp<.001). &
A HI AA AFEE 17.37+£5.25 mlkg/mino4] &8 &
20.22+£5.78 ml/kg/min®=Z 16%7FF o4 =71t
(p=-003). T A CPX %5 AA} F3YAITES 550.4£257.0 =
oA &8 & 635.1+229.5 2= 15%71 2ok S7lskoict
(p=.005). 2234 A-AZ MVICE &3 A 424.4£104.2 Noj
A TH F 499.6£115.9 No2 18%71=F 82814 Z7}5l9ict
(p=.002). Hg2t AF2 20% Fokg AlFet & S MP=
32 A 155.6+45.5 watto 4] &H = 187.6+55.0 watt= 21%
7V FHAl S716ktHp=.012). T2y o8 7k 3 2
5= T A Fof] {3 HIlE Holx| ogith

4. WEFo| B Hu 5, thxTo| T2 MHENN chEt
MY B

2JTE Ao|2 1ol Holat Ade] B Wi ¥, oz
o] 718 AR Fek 7 HolE BAsl] 9l) UM
27 BARA 2L chga) 2oHE 5),

AR TR A R A3 AAHF] W 7 Ho]
£ fold AFE morkp=066), AFEe] TA F 22 A
MR o] AT ALAAFS FUT Aolrt A

okch Aol T8l A MVICE: of Rt o7k WA
olgkout, AFFe) Ed & MVICE tj2aa} G293 Ak 1t
AolE HAtH(p=.045). T2 Ao &9 A3 $9] CPX
&5 AEARE MP= th219] 72 AR frofgh e
2k ApolE HolA] gtk

PN
&

3}

do

rm
)

H . [=]
Pre-training Post-training p value

6 MWD (m) 433.7£106.7  512.7£80.3 <.001**
Peak VO, (ml/kg/min) 17.37+5.25 20.22+5.78 .003*
Exercise time (sec) 550.4+£257.0  635.1£229.5  .005*
MVIC (N) 424441042 499.6£1159  .002*
MP (watt) 155.6+45.5 187.6+55.0 .012*
RER 1.06+0.12 1.05+0.08 772
V slope 57.56+34.42  49.10+18.16 408
HR rest (bpm) 77.5£10.82  79.08+12.99 .500
HR max (bpm) 128.75£32.02 135.17+32.21  .180
SBP rest (mmHg) 93.67£10.51  91.33+7.93 283
SBP max (mmHg) 118.0+24.43  120.17+26.86  .712

6 MWD: 6 minutes walking distance, VO,: oxygen uptake,
MVIC: maximal voluntary isometric contraction, MP: muscle
power, RER: respiratory exchange ratio, HR: heart rate, SBP:
systolic blood pressure, *:P{ 05, **:P{ 001, meanxSD
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H 5. M3iFel 53 My 3, (fxZel YE 2 0|
Peak VO,

; 17.37£5.25  20.2245.78  21.51£5.65 .066
(ml/kg/min)

Exercise time

550.44257.0  635.1£229.5  595.6+190.1 .603
(sec)
MVIC (N) 42441042 499.6+115.9 410.3£114.7  .045 =
MP (watt) 155.6+45.5 187.6£55.0  157.2+71.9 341

VO, oxygen uptake, MVIC: maximal voluntary isometric

contraction, MP: muscle power, *:P{ 05, meanxSD

v, 2%
B o 11937 HFEF 3419 2|AHE Ao|Z dles
Al Al B4t EYedy) ojudt 2lo|7 glom, A9

YHUE Alo]F 5 719 SPi/dat autE dobk A} X3y
= 3lck 12789 HFEF S-S tid o= gHHE AlojExt E
= Hohe-g Al Al FEAel tiel Bla, 2AJsIAL 23
HE AbolE 59 Aol welf dA-Leigieh HHME Alol&
s Al &Y Ao Efugln o AHE(eF 16%),
F57] U(CF 13%), 4l FHAH(LF 26%) 25 F25H
Hasl= B0 olelth Bl vle A AAollA] 5317
wizol] HlAES] = ARAol| Hls) Al Fdo] w2 540l o
t}. Gibbons 5(1987)0] AR FH2jA SRS o R =&
A AolE 5 Fot s HARE shEA WA i AA
Z9%<(radio-nuclide ventriculography)& Z3] 419 58S
AR Ay}, 8207 5 2778(3%) oA Al sl o] WAtk

SI3i}. o] Ak of Hof| ARy AddY+e] Bl Hdie-s
A) 5% wlgelA] A sfo] ATk RIE Morris 5
(1978)2] @172} 7% wlgo] 4 412 &jdo] WAThRL et

F

Hammermeister 5(1983)29] AA7to] w8 Werom, 1 o]&&
= AAIZE BE= A AR Bls & A4 8-F(ventricular
volume)x} 13] vF=2K(stroke volume)S Z7}A]7|7] W&oz}

AL 5iGiT) & Al EYEY 5 F 5 A 2 1Y
VASE 7301lo, SAME Alo]E s Aloll= 482
asigion], EEUOINE 122 bpmol ] FEE TasisHe
L SIS Aol 2ol 137 bpmoll A F5E Fa5i] FE
SelA)7] ol AL 9Rlslrt. o] Az Gibbons 5
(1987)0] et vof 2ol 91 HA B3} 13 e 2k
AT BB B 212 AT SEel Wi Aad Aew
Y7}, Denise} Perrey(2006)h A A Afo]Eo] g
A Afolgrt 2o Aot 427] Blo] Bt 12.447.7
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