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Standardisation and Hyperaemia 
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Bernard De Bruyne, MD, PhD 

Cardiovascular Center Aalst 

OLV-Clinic Aalst, Belgium 

Hyperemic Stimuli  

Why ? 

How ? 

FAQ ! 

ETP April 24-26, 2014 

w
w

w
.c

a
rd

io
-a

a
ls

t.
b

e 



Why? 

1. General concept of stress test (as opposed to ñrest testò) 

 

2. Standardized measurements (as opposed to ñmoving targetò) 

 

3. All clinical outcome data are based on hyperemic data 
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Rest 

     P = 17 mm Hg 
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General concept of stress test 
Mild Aortic Stenosis  



Rest 

CO 4.8 L/min 

Dobutamine 
40 µg/kg/min 

CO 8.1 L/min 

     P = 21 mm Hg      P = 17 mm Hg 
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General concept of stress test 
Mild Aortic Stenosis  



Cardiac output 3.8 L.min-1 

Aortic Gradient 26 mm Hg 

Aortic Valve Area 0.77 cm² 

Cardiac output 8.6 L.min-1 

Aortic Gradient 58 mm Hg 

Aortic Valve Area 1.1 cm² 

ETP April 24-26, 2014 

w
w

w
.c

a
rd

io
-a

a
ls

t.
b

e 

General concept of stress test 
Aortic Stenosis  
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General concept of stress test 

Diabetes 
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General concept of stress test 

The Wind Tunnel 



Why? 

1. General concept of stress test (as opposed to ñrest testò) 

 

2. Standardized measurements (as opposed to ñmoving targetò) 

 

3. All clinical outcome data are based on hyperemic data (FFR) 
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The Control of Resting Myocardial Blood Flow 

Endo- and paracrine  

factors 

Noradrenaline 

Adrenaline 

Acethylcholine 

Adenosine 

PO2 

Histamine 

Bradykinine 

Systolic compression 

Diastolic compression 

Arterial Pressure 

Coronary pressure 

RAP, LVDP and  Pf=0 

PCO2, H
+, K+ 

Angiotensine II 

Physical 

factors 

1h  h 2  

1̡ ̡  2  

H1 

A2 

M 

H2 

AT1 

ETB 

ET 
ETA 

ETB 5-HT 

TXA2 
NO 
PGI2 

EDHF 

M 
2h  

NO  PGI2  EDHF 

NO  PGI2  EDHF 
B2 

P2 
H1 

P2 

Endothelium 
TXA2 

5-HT 

M 

P2 

Neuro-humoral  

factors 

Metabolic  

factors 

The ñresting stateò in biology is wishful thinking of biologists 

 

óRestô is almost never ósteady stateô 
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The Control of  

Resting Myocardial Blood Flow 



Why? 

1. General concept of stress test (as opposed to ñrest testò) 

 

2. Standardized measurements (as opposed to ñmoving targetò) 

 

3. All clinical outcome data are based on hyperemic data (FFR) 
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How? 

The KISS principle 

ñKeep it Simple and Standardizedò 
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Maximal Vasodilation 

Vasospasm Autoregulation 

Epicardial 
= Conductance  
Arteries > 550 µ  

Microvasculature 
= Resistance  

Arteries < 550 µ  
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Maximal Vasodilation 

1. Nitrates   Č Epicardial arteries 

 

2. Adenosine   Č Microvasculature 

 

ü IV: 140 µg/kg/min  

 

ü IC: 100 ï 200 µg in bolus 
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Maximal Vasodilation 

1. Nitrates   Č Epicardial arteries 

 

2. Adenosine   Č Microvasculature 

 
3. Papaverine    inhibition of phosphodiesterase Č cyclic adenosine MP ŷ 

4. Regadenoson    precursor of adenosine 

5. Apadenoson   precursor of adenosine 

6. Binodenoson   precursor of adenosine 

7. Nitroprusside   NO pathways direct non-selective vasodilator 

8. Nicorandil     ŷ guanylate cyclase to increase formation of cyclic GMP   

9. Dopamine    ß1
-agonist Čŷ O2 consumption Č adenosine ŷ 

10. Exercise    Adren stimulation Čŷ O2 consumption ČAdenosine ŷ 

11. Coronary occlusion  Ischemia Č release of adenosine 
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Target organs   

 

- Coronary arteriolar smooth muscle cells    

- Renal arteries (organ level)    

- Peripheral and central nervous system 

- Myocardium 

- Cardiac Conduction system 

- Respiratory tract 

- Fibroblast, Adipocytes, Immune System    

Adenosine: Mechanisms of Action 
Receptors (A1, A2A, A2B, A3) 
 

A2A   

A1 

A1 A2A 

A3 

A1 

A1 

A2B 

Half Life = 4 to 10 s 

ADO 40 µg bolus in Renal Artery ADO 40 µg bolus in LAD 
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Maximal Vasodilation 

1. Nitrates   Č Epicardial arteries 

 

2. Adenosine   Č Microvasculature 

 

ü IV: 140 µg/kg/min  

 

ü IC: 100 ï 200 µg in bolus 
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Adenosine IV 



Specificities of IV Adenosine (140 µg/kg/min) 

1. Preferred route when a pressure pull back is needed 

 

2. Induces a brief increase in systemic pressure followed 

by a decrease in systemic pressure by 10-20% 

 

3.  Is almost uniformly accompanied by a burning 

sensation 

 

4. Fluctuation of the Pd/Pa ratio are observed in some 

cases 

 

5. A-V blocks are relatively frequent, always transient 
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Adenosine IV 140 µg/kg/min 
STOP 
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FAQ 

Useful to increase the dose of IV ado > 140 µg/kg/min ? 

 

   NO 
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Increasing the dose above 140 µg/kg/min decreases  

systematic BP and increases the thoracic pain 
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Adenosine IC 



Specificities of IC Adenosine (100-200 µg) 

1. Can be used in the vast majority of lesions 

 

2. Short half live  

 

3. Rare AV blocks, always transient 

 

4. Extremely reproducible: do it twice or more!  
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Adenosine ic dose-response curve 
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Adenosine ic dose-response curve 
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12 beats 

IC Adenosine ... Not that shortlasting 
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1. Can be used in the vast majority of lesions 

 

2. Short half live  

 

3. Rare AV blocks, always transient 

 

4. Extremely reproducible: do it twice (or more!)  
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Specificities of IC Adenosine (100-200 µg) 



ADO IC 1                              ADO IC 2                              ADO IC 3    

FFR = 0.53                        FFR = 0.53                     FFR = 0.54 
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IC Adenosine: reproducible but shortlasting 
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Regadenosone 

IV peripheral 



Regadenoson as single peripheral i.v. bolus 400 µg 

 

  maximum hyperemia within 60 sec and lasting for 

   at least 30 seconds (sufficient for pull-back recording) 

 

  can be safely repeated after 10 min  
 

  hyperemia completely comparable to i.v. adenosine 

 

             ideal in radial procedures or ad-hoc FFR 

 

Regadenoson ( = Rapiscan ® ) 

Van Nunen et al, TCT 2013 ETP April 24-26, 2014 

w
w

w
.c

a
rd

io
-a

a
ls

t.
b

e 



Regadenoson vs Adenosine (N=100) 

ÅMean Difference 0.00 ±  0.01 
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Van Nunen et al, TCT 2013 



Quality of the Pressure Recordings 

Å Recording of 12 beats steady state at rest 

Å Very short  (1-2 s) injections of ado 

Å Total recording of 45-60 s 
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Tips and Tricks 
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Ñ 60 s 

Full Scale 



Tips and Tricks 
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Rest or Hyperemia ? 
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0.65 0.64 
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