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he beneficial effects of regular physical activity and exercise training have been elucidated in

many animal and human studies over the past 50 years. A majority of studies have
demonstrated that regular sports activity and exercise training decrease cardiac mortality and all
cause mortality, the recurrence of nonfatal myocardial infarction, and the necessity of revascula-
rization procedures. It has also been shown to improve exercise capacity, psychological
functioning, and risk factor management. Patients with cardiovascular disease can safely
exercise observing a few instructions. For this, exercise tests need to be done to identify the risk
of heart attack resulting from exercise, and high-risk patients need to be under a doctor’s super-
vision while performing exercise training for a certain time. In contrast, low-risk patients can
receive exercise prescriptions with basic instructions for exercise training to exercise in their
homes. It is important that exercise becomes a regular part of patients pastime activity in order to
continuously see the effects of cardio-protection from exercise. Finally, it is important to create an
environment where all patients with cardiovascular disease can receive the benefits of cardiova-
scular rehabilitation. Medical staff should confidently promote cardiovascular rehabilitation and
hospitals should be fully equipped with cardiovascular rehabilitation facilities to allow most, if not
all, patients with cardiovascular disease to receive systematic treatment immediately after
passing through the acute phase.
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Table 1. Effects of exercise-based cardiac rehabilitation

Table 2. Possible situations following a cardiac event

Improvement of exercise capacity
- Reduction of angina experience in daily living
- Improvement of rate of perceived exertion
- Increase in endurance & decrease in tiredness
- Improvement of maximal oxygen consumption (20%-30% 1)

More effective management of risk factors
Gaining emotional wellbeing (anxiety | , stress | )

Secondary prevention (cardio-protective effects)

- Reduction of recurred nonfatal myocardial infarction
(21%])

- Reduction of revascularization procedure (13%-19% | )

- Reduction of serum inflammatory markers (hs-CRP)

- Anti-ischemic effects (myocardial 02 demand | , coronary
flow 1, endothelial dysfunction | )

- Anti-thrombotic effects (thrombin activity | , platelet
activity | )

- Anti-arrhythmic effects (vagal activity T, heart rate
variability 1)

Decrease in cardiovascular & all cause mortality (20%-25% | )

hs-CRP high sensitive C-reactive protein.

(isometric exercise)?} 4448 =(isotonic exercise)©]
Bo] A-EIT), SAHLTL F2 2S AN A
P o 2 A= (static exercise)o]2}aly dHH, A8kS
o WE TAEE fEshl] Sia Sele] ek
A A & AR Yel] 2- =g Wol Fojof g},

ol 557] WYL ol o] $71AQ Akna T

o}

i)

(myocardial oxygen demand)& S7MA)7|E2 48
3l gAlollM o] 250 2= HEsiA] rhis), vhH 5
FBE F2 ATHE PP 9T 0, B

o,

Of

(dynamic exercise) F= f2ta2-8(aerobic exercise)
olekii Be, HAle] 2 2HES B0 2 v B
259 AR AR §2j0]7] whol 57) B Hol
oA gk Ak 2 4
(oxygen consumption) 52 %7}/\]7]‘3 AdA A F
S ASE Tl AR SAfolr o] F O R HWol A
#TH19,20].

AERAS A 9] ATl T/, B, AR, S
Sol rgA|Hook et T2 AU HE Al T F 7]
T e A AR CA o] B ol 27 T it
o] o] g-Ht}, 52 ol 30- 60 F 3-43] o)
Algaljol &b, mfl -5l o] A= Q] A aekaEe] 65%
o], ZthataAl F 3] 50% o] B 300 keal o]/g2] o]

Increased vagal tone & circulating catecholamine
- Resting tachycardia
- Exaggerated heart rate at low level activity
- Delayed heart rate recovery

Vasomotor changes
- Increased vasoconstriction
- Impaired arterial dilatation with increasing exercise
intensity
Peripheral blood pooling & loss of vaso-postural reflexes
- Postural hypotension
- Reduced cardiac output following myocardial infarction

In case of prolonged bed rest
- Decreased arterio-venous oxygen difference
- Decreased aerobic capacity

Significant skeletal muscle changes in chronic heart disease
- Altered cellular structure of muscle
- Decreased oxidative capacity & phospohcreatine
- Atrophy of skeletal muscle
Psychological function
- Anxiety & depression
- Distress (negativism & social isolation)
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Acute medical management, coronary
intervention, or bypass surgery

!

Intensive care unit or coronary care unit

’,
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AR 1 Uncomplicated MI Complicated M
Cardiac hospitalization for hospitalization for =
rehab 3-5 day 7-10 day QTS O FoluR Thesh o
v o AAE HIEE T}, 3585, 0
Outpatient Extension of Phase 1B _

Phase 2 hospital-based inpatient cardiac Cardiac %‘?%%, 5‘—%‘85“% 01%‘@ TALES
) cardiac rehab for rehab for 2 wk rehab B _
CaLdlzC 8-12 wk Al FAaF 2S5 AA A

renal
Swiching o sl 7,87 58 AR A B
exercise in low risk
4-6 wk patient 4-6 wk o] Ay e Jro 5o £ &
Phase 3 _ o ST HE] ZAAY
—— Community-based 24-48A|1o] Ak B 2423
rehab cardiac rehab A)ZFel 2= gl o) FRANES A3
Figure 1. Critical pathway of cardiac rehabilitation. MI, myocardial infarction. St b= e T 3G Al S-S
Aol sy, g2V 4 gle
Table 3. Contraindications of exercise test and exercise training Ha AGFES e Ao B 94 A2 A1zt
- Unstable angina or acute myocardial infarction (within 48 hr) g Qlon EsEo] HihwaA| 35-Hr},
- Blood pressure at rest >200/110 mmHg e =] L Ax O T o =
- Orthostatic hypotension (drop >20 mmHg) o] Al7]oll= Valsalva 37} e b= AH52 7=
- Severe aortic stenosis HorS =] AJTLALA Zro = = 5
>te 7 2 A ] AR of 3}
- Acute systemic illness or fever | 83 ol Amlaarwe S/ ER
- Uncontrolled atrial or ventriculararrhythmia o} A7) o] $5S S A= A 2 o
- Uncontrolled tachycardia B
- Uncompensated congestive heart failure Fo) Z}7] Fet, Ak, AAEE RUE Y o) 31, 25
- 3 Degree artrio-ventricular block =1 A s o = i oo
- Active pericarditis or cardiomyopathy Zo FilF 2 F5% ol 3FETE 548 45, 4
- Resting ST segment displacement >2 mm - _ - _
- Uncontrolled BST >400 mg/dL k7t 2F Aol vlske] B3 203] o) SV 103]
- Acute metabolic disorders [ w >
“Thrombosis or embolism ol WA= A, MZE o] yehbs A48, 75
7) o] 10-15 mmHg o) SSH= 25, Wro] )4
BST, blood sugar test. _ -
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Table 4. Risk stratification for cardiac complication during exercise o} SEANTE LT Y5 AN A9E
Risk stratification Edz2 243, Z3 ¥k (target
Low Moderate High heart rate) AxMH o] 717 @o| A&
: ) ) 2 -
Early stage (?f disease . Uncomplicated Complicated HcH23]. R AR Ak e the )
NYHA functional capacity Class | Class Il Class I, IV Al AR (3 JRIn P
L = -
Left ventricular ejection fraction 40-49 <40 2o}, =il =3 AR
0
) AR (40 - 85)%0+91 Al 2,
Exercise test results HEAl e 0T 3 _
- =0 =
Induced ischemia No Yes Yes SR FER 25 o, #A)
Exercise capacity (METs) >7 5-6.9 o] Wi A]7] gl Abgjof we} 40% ol|A]
. b)

Hemodynamic response Normal Abnormal B g507hH] AAH o T PEE =
NYHA, New York Heart Association. o] Yz} SR o= 272 9oE
? Resuscitated from cardiac arrest, pulmonary edema, or persistent ischemia; “Decrease .

systolic blood pressure or heart rate with increasing exercise intensity. (watt) G$1E ARS3H= A7 =21

WEl 2 £ERSAANE 7] ol
S570o) EEE SHEES METOS Z155ke] 1 1)
40-80% YoM 2EHEE A3t} FH2 oz
SFAFI A G (rate of perceived exertion, RPE)E o]-83}
o =S Ao 53] Autart dAA] &2 A9l
Jebbeta] ARy, Hogeel] f-8aet2s]. dubdes
?:‘%EF% A0 R 55 3 Hev 2 3lEd A
T 3= 2 B 22 o Al el YEY et
7N F Slek, 3 F 3- 437 A Fsht gt
el ofdel] whet Arggiet,

ol M o] F AR Folle FA A (telemetry elec-
trocardiogram), A%}, A¥kE RPES ¥38135F ojg71e] 2
AT ZEA7E o o) Aok Shck(Figure 2). 53] A4 2
7+e] ol A2 E v vy |w st} ‘S7) 9)F ol &5 7] 2= g3 W9] 7573l (endothelial dysfunction)w]

09NN A S Folhsl o] ol £BATIE Alel 4TS weke ] WA o

=
sg

. 1S,
r:

O

Figure 2. Monitoring exercise in hospital setting.
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Fhaick A 17 ol &3 ks A 12577 BdeA <] 53] FofsfoF e, AdutE7I7F 18 AutEgT)
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T2 o]FojAH 25 =uo] Wolx|1L 1189l AHLol= & lator) 9] 7ol EF S 7141¢] threshold dis-
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Table 5. Safety of exercise training for cardiac rehabilitation

. . Myocardial Other serious
Author study (yr) Total exercise (hr)  Cardiac arrest infarction Death complication
Haskell 1960-1977 [46] 1,629,634 1/32,593 1/232,805 1/116,402 1/26,715
Van Camp 1980-1984 [47] 2,351,916 1/111,996 1/293,990 1/783,972 1/81,101
Vongvanich 1986-1995 [48] 268,503 1/89,501 1/268,503 0/268,503 1/67.126
Franklin 1982-1998 [49] 292,254 1/146,127 1/97.418 0/292,254 1/58,451
Scheinowitz 1994-1999 [50] 338,688 1/169,344 0/338,688 1/338,688 1/48,384
Pavy 2003-2004 [51] 743,471 1/743,471 0/743,471 0/743,471 1/49,565
Kim 2002-2010 (ongoing) 13,934 0/13,934 0/13,934 0/13,934 0/13,934

AU, endothelial nitric oxide synthase (eNOS) 2& E A dRAe] BFE AR o JEESE =

o] FO{EAL, G dikae] ofgh daksl A A (nitric oxide,
NO) 94 itgo] %7]—Q01 ‘333',]—1}] .Tiﬂi]-:Loﬂ E“_\ﬂ-g,‘t_ O]}\]’ﬁ}
Ao wrf g v yehdth36,37). 2ol whe d
T 37 d3 Y15 3ol shear stressE S7FA1A
L-arginine®] F58 ZZIAZITH38]. ©]¥ shear stress
eNOS o] SIS 7IEA9] 1391 B 1)
TH39), A2 AR s dsiate] H5 i
F(left internal mammary artery)olX] eNOS phos-
phorylationg S7HA|7]1aL E2d2kao] vl o5}

0], @ oA] NADPH oxidase?] SAEE 7HAA|
21c}41],

A, =FHo| A F(micorcirculatoin) ol 7] X|+=
gk m| Al (micro-vascular bed) 2] 7152 Fej ol
HI = F= Ao 2 Al tt. Resistance vessel sensi-
tivity2} adenosinedl] that Htf vk =S AT Y, F
=R %Eﬂz—ﬂ(total vascular bed cross-sectional area)

21659 5™ F 37%7H] S7HEE A o8 HalEg)
tH42], 3 5o UVﬂTr‘?ﬂﬂ'(mirorheology) ul oo
I(hemostasis) o]l S nx=d 34 £ 8

B 5k PAEE Z7PAA B 2 go] Lpehd S
UARE 77 o] fEE e o] 22 Eag V] s
oFstAl7]aL At cGMP TS S7MIA Y S
A X171 42].

JA), 53398 3 WuldTA+E(endothelial pro-
genitor cell, EPC)& &3} Al = vk 7idoltt, &
PUSAEZE A w3}, A apopiosis, 1213 ]

A MEAY 38 W] AEZ F9]olM o] ulHEe] A
A2 173 WmjA| E o] F-EHo|AH ofa} ZollA] 7]3]
d g3 AR ATAE pooloME doth43],
W HATAIEE AERAES IS 2L e
73 23X (collateral) o] FAo|x Folel= Ao
2 4gA o) Adams T[4412 Hul-FH31AA41 ol
TR ATEE S B FAE A
EPC7} ofn] 9l 577 UEhdS A0 2 18kt
A st 2R A E d
HolA] g WAt St = 29 Sk ‘)rEP/P
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