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ummary of Clinical End-point R

End point HazardEnd point Hazard
ratio

All cause 0 93All-cause 
mortality/
hospitalization

0.93

hospitalization
After adjustment 0.89

CV mortality/CV 
hospitalizations

0.92
p

After adjustment 0.91

CV mortality/HF 
hospitalizations

0.87

After adjustment 0.85

Results from HF-ACTION 

d 95% pd 95% p

0 84 1 02 0 130.84–1.02 0.13

0.81–0.99 0.03

0.83–1.03 0.14

0.82–1.01 0.09

0.75–1.00 0.06

0.74–0.99 0.03
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auori (1999) Cycle 30 min 3x/wk at 50%-60
mo

ts (1992) Cycle 20 min 3x/wk at 60%-80
wk

ardinelli (1995) Cycle 40 min 3x/wk at 60%VO

mbrecht (1995) Walk 10 mVO2maxin 6 x/d at 70

aelli (1996) Cycle 20 min 5 d/wk for 5 wkaelli (1996) Cycle 20 min 5 d/wk for 5 wk

ardinelli (1999) Cycle 3x/wk at 60% for 8 wk. t
1212 mo.

alevo  (2006) Strength training 3x/wk for 8

eyian (1999) Treadmill, cycle, arm ergomet
60% 80% MHR 3x/wk for 24 wk

Parameters other than VOParameters other than VO
Improvement

0%VO2max for  3 Plasma NE decreased at rest;
adverse effects on catabolic 
hormone

Plasma NE decreased at 
rest; no adverse effects onhormone

0% max HR for 8 Improved HRV: decreased 
ventilation

rest; no adverse effects on
catabolic hormone

I d HRV d
2max for 8 week Improved indices of diastolic 

function
Improved HRV: decrease
ventilation

% for 3 wk Increased muscle mitochondr
volume density

Improved autonomic control o
Increase muscle 
mitochondria volume densImproved autonomic control o

HR

then 2x/wk for Fewer hospital readmission a
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mitochondria volume dens

Improved ejection fractioreduced mortality

8 wks Improved ejection fraction an
stroke volume
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and stroke volume

try 33 min at 
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Improved chronotropic 
response to exercise

Improved endothelial funct
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Absolute ConAbsolute Con
Progressive worseni
dyspnea at rest or odyspnea at rest or o
Significant ischemia 
U t ll d di b tUncontrolled diabete
Acute systemic illnes
Recent Embolism
Thrombophlebitisp
Active myocarditis o
Moderate to severeModerate to severe 

o Regurgitant valvular 
o Myocardial infarctiono Myocardial infarction
o New onset atrial fibri
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ing of exercise tolerance or 
n exertion over 3 5 daysn exertion over 3-5 days
at low work rates (<2METs)
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ss  or  fever

r pericarditis
aortic stenosisaortic stenosis
heart disease required surg

n within previous 3 weeksn within previous 3 weeks
illation
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t i ½ f th lnt in < ½ of the lungs 
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pressure < 12 mmHgpressure < 12 mmHg

monitored patients)
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Exercise TestExercise TestExercise TestExercise Test
Maximum ExercMaximum Exerc
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ACSM G id li f E i TACSM Guidelines for Exercise Te
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ti d P i ti 7th ditisting and Prescription 7th edition



Six Minute WSix Minute W

Peak VO2 = DistancePeak VO2  Distance
Peak VO2 max = 0.03

Walk TestWalk Test

x distance (m) + 3.98



Estimated  VOEstimated  VO2 2 MM

CA Protocol

MaxMax    



SubSub--maximumaximu

Treadmill Sub-ma

St S d( /h)

Treadmill Sub-ma

Stage Speed(m/h)
1 2

2 2

3 23 2

4 2

um Exercise Tesum Exercise Tes

aximum Exercise Test

G d (%) MET Ti

aximum Exercise Test

Grade(%) METs Time
3.5 3 3

7 4 3

10 5 5 310.5 5 3

14 6 3
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Aerobic Exercise Aerobic Exercise 
Steady State vs. HSteady State vs. H
Training Training 

PrescriptionPrescriptionpp
High Intensity Interval High Intensity Interval 



Exercise InteExercise Inte
ntensity Subject y j

Measures

Talk Test RPETalk Test RPE

Light Able to talk 
and/or sing

< 3

Moderate Able to talk 3-4
but not sing (12-13)

Vigorous Difficulty 
talking

> 5

ensityensity
Physiological Absoluty g

/Relative 
Measure

Measur

% HRR; VO2R %Max HR METs,% HRR; VO2R %Max HR METs, 
VO2max

< 40 < 64 < 3

40-60 64-76 3-6

> 60 > 76 >6



Steady State traSteady State traSteady State traSteady State tra
Intensity: 40 –8Intensity: 40 8

RPE = 
Duration; Frequ
Depend on func

< 3 METs: 5-10 m
3 5 METs: 15 min3-5 METs: 15 min 
> 5 METs: 20 – 30
Increase time b
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ainingainingainingaining
0% VO2max0% VO2max 

12-13
uency;Progression
ctional capacity
in; multiple sessions
bidbid

0 min/ 3-5 times/week
before intensity



Interval trainingInterval trainingInterval trainingInterval training
oBe able to applyoBe able to apply
oIntense: 25-95%
oInterval time of W
Phase
W k Ph 30 Work Phase: 30-
Recovery Phase:Recovery Phase:
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y more intense trainingy more intense training

% VO2max2max

Work Phase/Recovery

120 S-120 Sec
60 120 Sec60-120 Sec
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State

rval

in HF patients: A Randomizein HF patients: A Randomize

27 stable post27 stable post-
infarction  HF with 
optimal medical 
treatmenttreatment
MCT: [70% peak HRMCT: [70%  peak HR
AIT: [95% peak HR]
Control group
3 times/week for 123 times/week for 12

weeks  
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Efficient ModaliEfficient ModaliEfficient ModaliEfficient Modali
ci Sports Exer 2007

45 HF , FC II

Resistance
10 rep /rest 2 minutes
10 diff weight machines10 diff weight machines

Endurance-Resistance

No significant differeno s g ca d e e
VO2 peak , pea
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ty Training in HF?ty Training in HF?ty Training in HF? ty Training in HF? 

I-III, LVEF < 35%

E dEndurance
60%-75% of VO2 pe

Control

nce between group:ce be ee g oup
ak workload
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15 8 10 2 3-15 8-10 2-3

-15 8-10 2-3
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CHF

JACC 2008JACC 2008.
• Effects of Inspiratory

ActivityActivity,
• Endothelial Vasodilat

levels in CHFlevels in CHF
J Cardiopul Rehabil Pre
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JACC 2006JACC 2006.
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stimulation of the legsstimulation of the legs
exercise trainingexercise training for pfor pexercise trainingexercise training for pfor p

Bike trBike tr

Exercise time(s) 5Exercise time(s) 5
<

Peak VO2(ml/kg/min) 1

Quadriceps strength 
(k )

4
(kg)

Quadriceps fatique 0Quadriceps fatique 0

QOL score

ss and conventional and conventional bicycle bicycle 
atients with chronic heart failuatients with chronic heart failuatients with chronic heart failuatients with chronic heart failu

raining group FES group (n=2raining group 
(n=24)

FES group (n=2

544/654 501/568544/654
< 0.001

501/568
0.02

9.0/19.8
0.276

18.6/18.6
0.9320.276 0.932

48.8-54.1 42.3/47.6
<0.001 0.009

0 76/0 84 491/5310.76/0.84
0.001

491/531
0.005

0.105 0.094



conventional bicycle execonventional bicycle exe
functional status indicesfunctional status indicesfunctional status indices functional status indices 

cohort study; compare the effect oy p
stimulation (FES) on endothelial fu
bicycle training.
NYHC class II or III; LVEF < 35%NYHC class II or III; LVEF < 35%
FES for 6 weeks, with a 6-week wa
Brachial artery flow mediated dilatBrachial artery flow-mediated dilat
FES: significant improvement in FM
<0.001).)
Bicycle training: FMD ( 6.2 ± 0.4%

FES was associated with a 41% reeffect of muscle FES in patie
to 57% with bicycle exercise, p = 0
Significantly higher FMD value afte
(9 2 ± 0 4% vs 7 7 ± 0 5% p <0 00

ndothelial function, although n
nventional exercise, is substa(9.2 ± 0.4% vs 7.7 ± 0.5%, p <0.00
In conclusion, the effect of muscle 
endothelial function, although not e

nventional exercise, is substa
e 
useful in the treatment of patendothelial function, although not e
exercise, is substantial. Muscle FE
in the treatment of patients with he
useful in the treatment of pat
ot or

rcise on endothelium and rcise on endothelium and 
in patients with heart failurein patients with heart failurein patients with heart failurein patients with heart failure

f muscle functional electrical 
unction to that of conventional 

ashout period  then Bicycle training
ion (FMD)ion (FMD)
MD (5.9 ± 0.5% to 7.7 ± 0.5% , p 

% to 9.2 ± 0.4%, p <0.001).
elative increase in FMD, comparednts with heart failure p
0.034). 
er bicycle training compared to FE
01)

not equivalent to that 
antial. Muscle FES protocols01). 
FES in patients with heart failure o

equivalent to that of conventional

antial. Muscle FES protocols

tients with heart failure whoequivalent to that of conventional 
ES protocols may prove very usefu
eart failure who cannot or will not
tients with heart failure who 



CADCAD
Tai Chi: Reduced

Systolic: 3-32 mmHg; 
R i 29 t diReview 29 studies

Prev 2009))

Reduced BP, Improve
T i Chi i HF iTai Chi in HF pati

2004))

Improve functional cap

 BP (Preventive Cardiol 2008)

Diastolic 2-18 mmHg
(9 RCT)s (9 RCT) (J Cardiopulm Reha

e Exercise capacity
ents: (American J of Medicine 

pacity and reduce BNP lev
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US FDA approvUS FDA approv

cardiogenic shockcardiogenic shockcardiogenic shockcardiogenic shock
stable or unstable angstable or unstable ang
acute myocardial infarcacute myocardial infarc
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ved indicationsved indications
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PEECPEEC
Prospective EvaluationProspective Evaluation
Couterpulsation in Con
RCT: 93 EECP + op

94 optim94 optim
Mean LVEF 26% Ischem

Ex duration increase > 6
months (p = 0.016)(p )
QOL (Minnisota Living w
wk 3 mo significantly imwk, 3 mo significantly im

Peak VO2 increase > 1.
diffdiff

H trialH trial
n of Enhanced Externaln of Enhanced External 
ngestive Heart Failure
ptimal medication
mal medicationmal medication
mic: 2/3
60 sec (35.4% vs 25.3%) at 

with HF Questionaire) at 1 
mprove but not at 6 momprove but not at 6 mo
25 ml/kg/min: not sig. 
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Physiologic Effects
Clinical Benef

Physiologic Effects
•Potential mechanismPotential mechanism

• Recruitment of cor
• Angiogenesis.
• Improved endothel

T i i ff t• Training effects. 
• Other yet unknown• Other, yet unknown
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fit With EECPfit With EECP
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n mechanism (s)n mechanism (s).
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Meta-analysis oMeta analysis o
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SummarySummary
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training
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Individualized exe
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