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parameters were reevaluated at the outpatient visit.

(F[1,32]; p=-001; np>=.30).

rehabilitation in patients after CABG.

Effects of Different Cardiac Rehabilitation Protocols (RPE 11-13 and RHR+20) on Oxygen Uptake Efficiency and
Respiratory Function Improvement in acute CABG Patients: A Randomized Controlled Trial

Jeong-Jae Lee PT, MS"
'Cardiac Rehabilitation center, Department of Physical Therapy, Myongji Hospital

Purpose: The RPE 11-13 and RHR+20 methods are used to set exercise intensity for cardiac rehabilitation programs, which
are usually performed during a 1-week hospital stay after coronary artery bypass grafting (CABG); however, studies
quantifying the actual changes in cardiopulmonary function and inter-subject variability for each approach are limited.
Methods: In this study, 50 patients (43 males and 7 females) with a mean age of 63.6 * 8.8 years who participated in
an inpatient cardiac rehabilitation program after CABG were eligible for inclusion. Of the 50 patients, 16 dropped out (six
patients refused to exercise and 10 patients were discharged midway), and finally, 34 patients participated in this study.
Cardiopulmonary function and handgrip strength were evaluated, and after 1 week of cardiac rehabilitation, the evaluation
Results: Both the RHR+20 and RPE 11-13 groups showed a
significant increase in the peak VO, and a large effect size after cardiac rehabilitation (F[1,32]; p<.001; np*=.52), and
overall, the RHR+20 group showed a higher peak VO, than the RPE 11-13 group (F[1,32]; p=.037; np°=.13). The RHR+20
group showed significantly greater improvements in the peak VO, than the RPE 11-13 group and had a larger effect size
Conclusion: Studies applying different exercise protocols to patients with acute CABG are
insufficient. However, in this study, the RHR+20 exercise protocol has been shown to be stable and effective for cardiac
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$l&(Coronary Artery Bypass Graft; CABG)<
Fgulo 2ol BRE 2lEA7]Y] SlE ARl 4k
960t e da] AlgEo] Yth(Reenan, 2004).
S ol4el Ake] BapEa AxkRon i 4
318X A Qo] oA5] Q1S 4= gtk CABG
e APYE 30% o)A AA(Goel 5, 2011), YA
(Heran 5, 2011; Thomas 5, 2019), 1d¢ A&
o Egkst FQ AldT 93 29l HdE 74 (Kubilius
, 2012), A4 A 7iAdS E2313E ofg] 7HA] o]dlE Hoje
THTokhmechian % 2016; Niebauer, 2016).
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$%5(Rating of Perceived Exertion; RPE 11-13) &= 2ot
203] Z71E oFgA] AHkg(Resting Heart Rate; RHR+20)9}¢
@ Fpoln elel el AL AT WA
o] &5 F=E AWt d AREHTHACSM, 2000).

CABG % 23 219l <k Ugl7|2F 2h Aayeles 413
A 270 &% 71 A4 HHLS RPE 11-131F RHR+20
o] QA ZF A wWrAlof gt AA| AHl7E Hsker TR}
2 WEAS SR AT el

whebA, 2 odgro] 228 RPE 11-133} RHR+202] A1)
3 2% o] F47] CABG #4e] A7l o Folelo]
m2E e Hlasks Aoloh

. A7

-

= Foed v 3 A AR 22
o] Zolgt &4} 50%(43 males, 7 females, aged 63.6+8.8)2
oz sigleh 1698 BeEo(s AR 6%, o= =Y
10%) 25 349o] & Ato) Fodsteirt. G-power(version
3.1) 2 B4 dlglor, &3t =27] 0.5, 82 £ 0.052 AR
2 0,82 UeEitFaul £, 2007).

E ;‘(1—7]_1}1: /\-] _4/{13 xﬂ_n_ u]—o}o[q \:ﬂ;(] 9] ﬁq_
2e1919119] el WSITHMIH 2022-02-019).
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% CPET7} 715314, B7}A] resting HR Eﬂr peak HR7} 20
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vl (Percutaneous Cath Drainage; PCD) W RE- A FA}
(Astrix Boryungbio cap. 100mg/C ofAud FYI4HTA],
Xarelto(4x) tab. 2.5mg/T 33114, Norvasc(4:) tab.
2.5mg/T dY731A, Tsoket retard(4:) tab. 40mg/T &4y
A, Herben tab. 30mg/T E&3FA|, Concor tab.(Z4¥)
2.5mg/T 73HAA|, Rosuzet tab. 10/20mg MA|EFZ|ZA],
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SR SSlek. Zizte] %5 7 el weh ek 305403
ShRo 29 A" A3 & 35 Fo] CPETE Al3sk3ith

CPET: EZ 12-8]E 9l AA% @UE CASE T2100
(GE Healthcare, Chicago, IL)E AFESlo] 274 10404 23
34 Mool §7 27(21-23°C W 40-60% Atf )0] Aot
ol A L2 7153t 31A] ergometerE ARESH CPETE
wISJe). 4tk 59 e} W RPER 24 vk 2sioich 7%
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Qi (Nieman %, 2013).

2744 &5 = WY R5F SR ergometers o83t
interval training 22 Z&s}ct RPE 11-13 B2 25 714
©F RPEI3 o] =3l &5 =2 5594, resting
HR20 B £5 4 4914 53 5. 28 4402 4
20& L7t HEE AAHIY 1)

7] 2 } A s Sele 58] sk 2|00

ri

2 = Effects of Different Cardiac Rehabilitation Protocols (RPE 11-13 and RHR+20) on Oxygen Uptake Efficiency and Respiratory Function Improvement in acute CABG Patients: A Randomized Controlled Trial



oA

a8 2. HIls Bk

w2t 3=t Forced Vital Capacity; FVC, Forced
Expiratory Volume in the first second; FEV,, Maximal
Voluntary Ventilation;, MVVE =43}l ©H(COSMED
Pony FX, Omnia 1.6.7, Rome, Italy), FVC&} FEV,;2 A H
o A5 5 7FE & glo] AEEI: MYV Al 1elo
2 13 54 4 Qe 2 Brlgor Bojark wHASe
12-15% B0t Zoje w27 27 5EHEE AXSHL, 1%
= 7158kl 9 12-15% 59 DA Fd) a5 &9 ¢
2 HAIBIH Y 2)(Alaparthi 5, 2016).

Handgrip strength += Hydraulic-type dynamometer
(JAMAR, Sammons Preston Rolyan, IL, USA)E AF&-5}0]
oh &of wojz Al ¥ F7RESICE Al W19 A= F 7 =2
gkl Aol AREEITE AlE| =S} Bt ofg] koA S
%It Harkonen 5, 1993; Mathiowetz 5 1984; Niebuhr
S 1994).

CPET, PFT, 1&]1 handgrip strength += 27} A
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Randomly assigned to the experimental group and control
group in the order in which the consultant comes to cardiac
rehabilitation (n=50)

Cardiac rehabilitation |** day Cardiac rehabilitation 1% day
postop: postop:
CPET, PFT, handgrip CPET, PFT, handgrip

|

RHR+20 for one-week RPE 11-13 for one-week
(n=16) (r=18)

Drop-out
(n=16)

One-month postop test:
CPET, PFT, handgrip

One-month postop test:
CPET, PFT, handgrip

38 3. Flow chart
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of=|H ARt RHR+20 o167, FA15, oj4d1)2] Bt
o= 63.949.84], BMI= 25.9+2.60]¢1.0H, RPE 11-13 3
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2. RHR+20 ZEttut RPE 11-13 ZHEt
hand grip strength H2l x}0|
RHR+20 25t} RPE 11-13 Hgke] CPETS} Apele w9lo]

A= <F 2>9} P
= Ao BE Hax(peak VO,, VE/VCO; slope, handgrip

strength, FVC, FEV,;, MVV)= K-S A40& HFAo] 2%

HE ERIsIGirh 83} 27)= FE ofle} Alge ARgsto] Eklst

At
ofYef HHEE FAREA At peak VO, H4=9] AIE 15,

T1E)ar AR TE7R] AR ARG HRoA fof3k BEkE HY

t}. RHR+20 @ RPE 11-13 & 2% A2 23t & peak VO,

7F oAl SRR 2 anErE Helom(F[1,32], p<.001,

np® =.52), RHR+20 “1:20| RPE 11-13 J&Hc} Aulgos
=& peak VO, 7 5113715 BTHF[1,32], p=.037,
np*=.13). =3+ A% A2 & peak VO, 27 RHR+20

T1°] RPE 11-13 TIEHTH FASHOZ foulstA =34l
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H 1. A7 iRt wHty £ (n=34)

RHR+20 RPE 11-13
(n=16) (n=18) P

Gender (male/female) 15/1 15/3 .604
Age (years) 63.9+£9.8 63.6+£8.4 464
BMI (kg/m?) 25.9£2.6 25.9+3.4 328
LVEF (%) 54.6+9.2 53.3+9.5 988
Past history

Hypertension 7(44%) 8(44%)

Diabetes mellitus 6(38%) 5(28%)
Smoking

Current-smoker 3(19%) 3(17%)

Non-smoker 1(6%) 7(39%)

Ex-smoker 12(75%) 8(44%)
Diagnosis

NSTEMI 4(25%) 2(11%)

STEMI 5(31%) 2(11%)

Stable angina 1(6%) 3(17%)

Unstable angina 5(31%) 7(39%)

Heart failure 1(6%) 4(22%)

*p{ 05, **p{ 001, meantstandard deviation
BMI; body mass index, LVEF; left ventricular ejection fraction, NSTEMI; Non—ST elevation myocardial infarction, RHR; resting heart
rate, RPE; rate of perceived exertion, STEMI; ST elevation myocardial infarction,

H# 2. RHR+20 ZEt RPE 11-13 &E Zte| MIi2STstzAr & Fef= Hol Hjw

RHR+20 RPE 11-13 p
pretest posttest pretest posttest Time effect Time x Group Between Groups
VO, peak 949.5£321.7  1300.6+£380.1 891.7+202.1 961.3+313.3 <.001** .001* .037*
VE/VCO; slope 36.2£5.6 31.6+5.1 38.3+8.7 34.7+7.7 <.001** 815 .184
handgrip strength 34.4+7.2 35.8+7.2 33.6+8.9 34.6+8.6 .004* .587 .682

RHR; resting heart rate, RPE; rate of perceived exertion, VO,; oxygen uptake per minute, VE; ventilation per minute, VCO,; carbon
dioxide production per minute
*p( 05, **p{ 001, meantstandard deviation,

I 3. RHR+20 ZEt RPE 11-13 & o] SE7|SHAM Hel Hiw

RHR+20 RPE 11-13 p
pretest posttest pretest posttest Time effect Time x Group Between Groups
FVC 1.8+0.6 2.6+0.8 1.7+0.6 2.3+0.8 <.001** .170 .265
FEV, 1.3+0.4 1.9£0.6 1.4+0.4 1.8+0.7 <.001** .284 .822
MVV 54.2+18.6 79.8+28.9 53.9+20.0 71.6£34.2 <.001** .198 418

RHR; resting heart rate, RPE; rate of perceived exertion, FVC; forced vital cacpacity, FEV;, forced expiratory volume in the first
second, MVV; maximal voluntary ventilation,
*p{ 05, **p{ 001, meantstandard deviation

2 anar)E EHKF([1,32], p=.001, np™=30). oAt o3t ZjolE Holar & avAr|E HSS
VE/VCO; slope ¥ hand grip strength= 5= A|7k0] 9 (F[1,32], p<.001, np’=.51), (F[1,32], p=.004, np’=.23), &
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3. RHR+20 Zttat RPE 11-13 ¢t Zio| $&7[sZAL

tHol xfo|

RHR+20 Atky} RPE 11-13 Htko] 357)57A #ele]
A= <3>3 Zrh

FVC, FEV, Z12]3l MVV B AJ7ES] 2@ QlofAqE {-of5h
Zjole} 2 aat=a712 HYTHE[1, 32], p<.001, np’=.66), (F[1,
32], p<.001, np*=.61), (F[1, 32], p<.001, np’=.57). 71& 7t
2ol 9l AW} T1E0] AT ARG oAM= ot Zfo7t glSich

Ao Fojgh mE ﬁm— AT7)7F Eot WA= Bt 2
ARG 9% o ofEat Alzkak Al Z%OM Holy gal=
2 EAER] o RAWO FakEz] Aokt

|\ A,

& %9%= RPE 11-13 7} RHR+20 9] A2 &5 Yol
F47] CABG #te] Hslllis o el nxl ke vl
She Alolek. 5 110 o] Sk 5 B 5F

7159 Ajol7} 918 Aolet AZIsielck

ok qipeld ofe] Haz A% 9 7l By WRE TAT

9= 11%9] BAE Ao 2 RHR+20 7} RPE 11-139] &%

W 89S VO,R(oxygen uptake reserve) ZHO2 71513+
4, RHR+20 15L& 41.8412.3%, RPE 11-13 152
71.0£153%°.2 RPE 11-13 50| o ¥ VOR 3+& 23]
ch E3F HEA FEEoA RHR+202] -5 o] RPE 11-13
wth o o} Aol eHESRE, RHR+200] B 28 7w
e s BAPIA At A=l A=g e
T Utk sk tHJoo 5, 2004).

2 ek M 2 Aol 54d7] CABG 249 peak
VO, g2 RHR+20 Fcto] RPE 11-13 Reke} folohA] =3k
o, 2 ART7|E HArk 119 A7 1179 tVdApt o
ThE ABE /AT AR0R, AFks ok Eat agtont,
AT FA7] CABG SRS Tl Sigla, ARl ok
w3k 2 gefol] oi7ke] Aol AT FF LMk RHR20
o] 9% o] LU AT & 5 Y2AE BETH sHgA
k. 247] CABG o] A4 RPE 11-13 $5HP K} ¢
e aks 1A SRS Bolh i B ATolE Bt 9
o5 5 RS Slsdm, 349 kS ST Ak WA
s Qlgtonz, RHRH20 £59] QPge thil 3l Shelslgl
ok webAl, 347] CABG Btell] Aeiie] A 2z

(o]

et

JI3HoflA RHR+20 €] 25 WHol fiika 71s 7iAolM a84

ofei Hof Atk

CABG & 3x}9] 36.67%7} A1Z15F Bk 791 40%+=
A% 2228 A=thy Rt} (Chaudhury 5, 2006).
CABG 4 F 2% 4 dli ia5st Habso] Bt o]
L 9% ] thet A2 o ofdA Welsd 4 gk g2A

SApllA A Aol o2 T2
ePg ol sl 2 dwgstod, ghae] Eeke
9 5 YIS sfof ik
VE/VCO, slope, handgrip strength, FVC, FEV;, MVV9]
A BE 25 A% gol5t Ao|S HeAw, RHR+20 Hewh
RPE 11-13 % 7] 93t Xjoli= Rolx] gigieh. 9o) mE

29 % g Ak

S0, A ol

rlo

F

ﬂllﬂl

HaES 7 F7)= ETA|Yl BE peak VO,9F ATEHAS W
oli= QIAEO|LVE/VCO; slope, 1=-.56, F3% %, 2022;

handgrip strength, r=.40, Masamitsu &, 2018; FVC, r=.69,
FEV,, r=.71, Pastre 5, 2014). 18y & ALoA B5&= AJ7H
Ak] atol= QIIAIEE peak VO, ge] T I1F 7ho] Aol
SlSITE peak VO of HJgl th& WpEo] HE/do] =A] gfof,
ol 2ol7} b ukE A SR8 B Zlo] Ulofet

Fuz19] Y49

i Q1] A3He 7] CPET % PFT 9
2t HEE AR WA Tk B2} Aol

] O v -E W
JRIRL 3% 248 AjolA AEstel B ol el we
9 717 B9k Bke] Akt Azl G & 5 s

=}
Folkl= ofof thgt FAl= AR olEigich riAte R, At
dRke] 7F Aglom, JA vlEo] &oF o] CABG ghajo]|
A A=A o 4= glok

JFollw BFGTL, B47] CABG 8RS dPpe te
2EWS HET AL WA gov), RIR+20 5 Wil 3
X7] CABG 2] APgAfEio] ePg ol EajaIols Hoj
Qoung olxkxoz oluly} QJria Azttt

V. 28
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1. CABG &4 & RHR+2OJ—} RPE 11-13 &% Wpe ne
shape] 417 7)%-S AR

2. CABG 4 F 3471 P12 % RHR20 25 4o
RPE 11-13 2% YHET ¢ Y2 peak VO, HIHFS
B
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