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   Physiology of exercise    



 
   -  Detection of CAD in patients with chest pain syndromes  
 
   -  Evaluation of the anatomic and functional  severity of CAD 
 
   -  Prediction of cardiovascular events and all-cause death 

 
   -  Evaluation of physical capacity and effort tolerance 
 
   -  Evaluation of exercise-related symptoms 
 
   -  Assessment of arrhythmias, response to implanted device therapy 
                              
        
        
 
  

    Purpose of exercise test 
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       Treadmill ECG test 



    History of Treadmill 

Treadwheel(밟아 돌리는 바퀴)                      



 
 
Einthoven(1908) :  ST depression after excercise 
 
Blousfield(1918) :  Chest pain correlation with ST depression 
 
Feil, Siegel (1928) :  Induced for chest pain & ST change 
 
Hellerstein(1959) :  Evaluation of physical capacity in AMI           
patient  predischarge 

       History of Treadmill 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  Protocol for Treadmill testing  



 
               Unit of energy consumed during physical activity  
            
                  1 MET : 3.5 mL O2/ 1kg/ 1min oxtgen uptake 
                           
                           
 
 
 
 
 
 
 
                          

                    Less than 5 Met : poor prognosis 
                    CAD with 13 Met : well prognosis 
 
 
 
  
 
 
 
 
 
    
 
           
 

   MET(metabolic equivalent) 





- Acute myocardial infarction (MI), within 2 days 
 
- Ongoing unstable angina 
 
- Uncontrolled arrhythmia with hemodynamic compromise      
 
- Active endocarditis 
 
- Symptomatic severe aortic stenosis 
 
- Decompensated heart failure 
 
- Acute pulmonary embolism, pulmonary infarction, deep vein thrombosis  
    
- Acute myocarditis or pericarditis 
 
- Acute aortic dissection 
 
- Physical disability that precludes safe and adequate testing 

   Absolut contraindications  

Circulation. 2013;128:873-934 



 
 Increase in HR that is attributable to a decrease in vagal tone, 
followed by an increase in sympathetic tone 
 
Maximum predicted HR=220–age (age    HR   ) 
  
Target HR  is Achievement of 85% of maximal HR to 
define sufficient effort during exercise testing is limited 
  

 -Abnormal response- 
 Chronotropic  incompetence : S. node dysfunction,  medication 
 Early HR accleration : hypovolemia, anemia, LV dysfunction 
 
 
 

         HR response   



 
 
Systolic BP : increasing (about 10 mm Hg/MET, 160~200mmHg) 
result of increasing cardiac output 
Diastolic  BP  : same or decreased because of vasodilatation  
 of the vascular bed 
 
Exercise induced HT :  more than SBP 230 mmHg 
                               more than DBP 90 mmHg 
 
After maximum exercise, systolic BP declines within 6 minutes 
 

- Abnormal response -  
Systolic BP : less than 120mmHg 
Deceased more than 10mmHg or less than resting BP 
 

        BP response   



  ECG respons during exercise 

  Mason-Likar lead 



     ECG change  
 
 1) right axis shift 
 2) Amplitude is increased on inferior lead(II : 11mV->14mV,, aVF : 6mV->11mV) 
 3) Disappeared  Q wave, newly Q wave on aVL lead 

    ECG on Mason-Likar lead 
12 lead ECG Excercise ECG 



 Normal ECG response during exercise 

P Wave 
  During exercise, P-wave ampitude - increases inferior leads.  
                         P-wave duration - unchanged or is minimally longer 

Rest    Exercise    



 PR interval 
 
The PR interval shortens and slopes downward in the inferior 
leads during exercise 

Normal ECG response during exercise 

200 ms 160 ms 

Rest    Exercise    



 
 

 QRS Complex 
 

QRS duration is decreases at higher exercise  R waves decrease 
and S waves tend to increase in inferior leads 
 

   Normal ECG response during exercise 

30mv 23mv 

Rest    Exercise    



 

    J-Point depression 
 
The J junction(end of QRS and beginning of ST segment), depressed(lateral 
lead) at maximum exercise and return to preexercise values in recovery 
 
 
 
 

 

   Normal ECG response during exercise 

Rest    Exercise    



 T Wave 
 
 T wave amplotude is increased at higher exercise, recovery return 
to preexercise values in early recovery(less than 1 min) 
 
  
 
 

   Normal ECG response during exercise 

4 mv 6 mv 4 mv 

Rest    Exercise    Recovery    



P wave prolongation 
 
As ischemia develops during exercise,  
Increased diastolic left ventricular and atrial filling pressures  
 
 
  

Abnormal ECG response during exercise  

200 ms 160 ms 

Rest    Exercise    



Abnormal ECG response during exercise  

Increase in R wave amplitude 
 
The ventricular dilation resulting from  akinesis or dyskinesis, in patients 
with myocardial ischemia 
 
lncrease in the R wave amplitude immediately after exercise 
  

13 mv 18 mv 

Exercise    Rest    



   ECG reponse ST-T change 
 
The TP segment during exercise is difficult to measure HR are fast 
 
The ST level is measured relative to the end of the PR segment and 
60ms(higher than 130 beats/min) to 80 ms after the J point    
 
 
 

 

Abnormal ECG response during exercise  

 
       
 

 

ㅊ ㅊ 

60~80ms 



 The standard criteria for test positivity include horizontal 
 or downsloping ST depression ≥1 mm (0.1 mV) at 80 ms 
 after the J point (consecutive 3 beat) 

Abnormal ECG response during exercise  



2 mm 

   Horizontal ST-T depression  

Rest    Exercise    



 Downsloping ST-T depression  

1.5 mm 

Rest    Exercise    



Abnormal ECG response during exercise  

Upsloping ST depression ≥2 mm (0.2 mV) at 80 ms 
after the J point (consecutive 3 beat) 



2 mm 

   Upsloping ST-T depression  

Rest    Exercise    



   Upsloping ST-T depression  



   Analysis of ST-T depression  



1 mm or greater or 0.1 mV of ST-segment elevation above the 
 PR segment at 60 ms after the J point (3 consecnutive beats) 

 Analysis of ST segment elevation  

recovery Rest    

2.5 mm 



  Q waves, are present, ST-segment elevation is indicative of a      
left ventricular aneurysm or significant wall motion changes  

 Analysis of ST segment elevation  

Non Q waves, exercise-induced ST elevation usually indicates 
either proximal coronary stenosis or epicardial coronary spasm  
 



 
 
    
 
 
    Cancellation effect : considered of symptom correlation in areas  
    of ischemia   
  
   In low CAD prevalence, normalization of inverted T wave with exercise :  
     Non-diagnostic 

  T wave normalization or no change   

Rest    Exercise    



 
 
 
1. ST depression 2mm in five or more leads 
 
2. Downsloping ST depression during recovery 
 
3. Early positive response (Bruce stage 1 or 2) 
 
4. Persistence of ST depression for more than 
   6 minutes during recovery 
 
5. Exertional hypotension 
 
When two or more of these changes are observed 

Suggested criteria for extensive ischemia and 
left main or severe three-vessel disease 



-   Drop in SBP > 10 mmHg with other evidence of ischemia 
 
-  Moderate to severe angina (Angina scale grade 3 to 4) 
 
-  CNS(central nerveous system) symptom (Ataxia, dizziness, near-syncope)  
 
-  Sign of poor perfusion (Cyanosis, pallor) 
 
-  Technical difficulties monitoring the ECG or SBP 
 
-  Subject’s desire to stop 
 
-  Sustained VT 
 
-  ST elevation (>1.0mm) in leads without Q waves(other than V1 or aVR) 
 

 

 Absolute indications for terminating  
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   Clinical indication   



   In AMI patients 
Class I 
 
1. Before discharge for prognostic assessment, activity prescription, 
    evaluation of medical Tx (submaximal at about 4 to 6 days) 
 
       
 
 
2. Early after discharge for prognostic assessment, activity prescription, 
     evaluation of medical Tx, and cardiac rehabilitation if predischarge  
     TMT was not done (symptom limited ; about 14 to 21 days)  
        

  
 
 
3. Late after discharge for prognostic assessment, activity prescription,  
    evaluation of medical Tx, and cardiac rehabilitation if early TMT was  
    submaximal (symptom limited ; about 3 to 6 weeks) 
     

Circulation. 2002;106:1883-1892 

Submaximal protocol : Peak HR 120/min, predicted PHR 70%,  
Peak exercise capacity 5METs 



   In asymptomatic persons 

- Routine screening of asymptomatic individuals with TMT :  
     not recommended in ACC/AHA guideline 

- But, in asymptomatic men (age > 40years) with one or 
   more risk factor : TMT may provide useful information as a guide to 

aggressive risk factor  intervention 

- In women :  
   Low sensitivity, specificity for ST segment depression 

 
 - Old age > 75 years : 
   High sensitivity for ST segment depression, chronotropic incompetence 

Circulation. 2001;104:1694-1740 



  
Class I 
 
1.Assessment of rate-adaptive pacemakers (heart rate 
response) 

 
2. Congenital complete heart block in patients considering 
    increased physical activity or competitive sports (heart 
     rate response)  
 
 

     Arrhythma patient 

ACC/AHA 2002 Guideline 



       ClassIIa 
  
1. Known or suspected exercise-induced arrhythmias 

(arrhythmia provocation) 
 

2. Evaluation of medical, surgical, and ablative therapy in 
    patients with exercise-induced arrhythmias 
    (arrhythmia suppression) 
 
3.  Evaluation of  atrial fibrillation 
   a. Suspected myocardial ischemia and before type I-C 
       antiarrhythmic drug therapy (ST depression) 
   b. Assessment of the adequacy of rate control (heart rate 
      response) 
 
4. T-wave alternans for diagnosis and risk stratification  
     (T-wave alternans)  



ClassIIb 
 
1. Isolated ventricular ectopic beats in middle-aged  
     patients without evidence of coronary disease 
    (recovery and right bundle branch morphology) 
 
2.  Any significant cardiac arrhythmia or ECG prearrhythmic 
     marker of risk 
    (heart rate response) 



Exercise-induced atrial arrhythmia occurred 
 
  APC 24 %,  SVT 3.4%, and A fib 0.8 % 
 
Atrial arrhythmias did not influence the rate of long-term 
adverse cardiac events 
 
 
 
 
 

  Exercise-induced Atrial arrhythmia 



    
 
PVCs induced by exercise in subjects both  
with and without heart disease 
 
 However, PVCs during exercise increased  the risk of 
cardiovascular death 
 
In patients with CAD, the reported incidence of exercise-
induced ventricular arrhythmias ranges from 38 to 65%  
 
  
 
 

 Exercise-induced ventricular arrhythmia 



 

  - Exercise ECG testing is readily, available, less expensive  
    and quickly performed as noninvasive test 
 
  - Exercise ECG test is the detection and assessment of 
    myocardial ischemia in patients with known or suspected 
    coronary artery disease 
 
  - Exercise ECG test is useful in the evaluation of cardiac 
    therapy and the assessment of cardiac arrhythmias 
 
 
 
  

     Conclusion 
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