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Fresh explanted human hearts 

Physiological perfusion 

Microvascular anatomy 
 

Collateral connections  

   1. Exist in the healthy heart 

   2. Microvascular density  

correlates with disease 



3D stereo-arteriography resolves:  

Collateral connections vs. 2D overlap 

Adult, ‘normal’ coronary arteries Fulton WF 



Acute MI 

Infarct scar 

vascularity 

Remodelling 

vascularity 

Chronic MI 

Remodelling 

vascularity 
Fulton WF 



The Clinical Importance of 

the Microcirculation 

• Major determinant of myocardial blood flow and 

therefore maximal hyperaemia 

• Significant impact on prognosis - FFR/CFR discordance 

• Critically important in shock states 
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The Microcirculation and Maximal Hyperaemia? 

• FFR requires that myocardial microvascular 

resistance be rendered constant and minimal. This 

allows the impact of any epicardial stenosis on 

myocardial blood flow to be interrogated. 

• When we measure FFR we are testing the ability of 

the microcirculation subtended by the artery being 

studied to maximally dilate by administering a potent 

vasodilator combination of GTN/adenosine. 

• A common question about and criticism of FFR is: 

“How Do I Know if Minimal Resistance (maximal 

hyperaemia) Has Been Attained?  



The Microcirculation and Maximal Hyperaemia? 

• The degree of hyperaemia obtained with pharmacological 

vasodilatation is more feasible, predictable and repeatable 

than that achieved during exercise testing. 

• Dose response studies have confirmed that in the majority 

of patients, maximal hyperaemia is achieved with: 

          intravenous adenosine:    140mcg/kg/min 

          intracoronary adenosine: 100mcg 

• Variation in the absolute level of minimal resistance 

(maximal hyperaemia) obtained is a strength of FFR: 

      reflects myocardial perfusion 

      describes unique vessel-level coronary physiology 
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90% area stenosis 

with severe MVO 



The Clinical Importance of 

the Microcirculation 

• Major determinant of myocardial blood flow and therefore 

maximal hyperaemia 

• Significant impact on prognosis - FFR/CFR 

discordance 

• Critically important in shock states 
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Multivessel PCI or Culprit Lesion Only PCI 

Wald DS et al. N Engl J Med 2013;369:1115-1123. 





Dark Field 

Microscope 
Cytocam system 

Braedius Medical 









Microcirculation substudy 

• Recent technological advances allow intravascular and 
noninvasive assessment of microvascular function 

Doppler Thermodilution Sidestream Darkfield 

Myocardial Systemic 



• Coronary microvascular dysfunction due to essential 

thrombocythemia and polycythemia vera: the missing piece in the 

puzzle of their increased cardiovascular risk? 

 

• LAD - CFR by TTDE at rest, and during adenosine infusion 

• The mutation of JAK2 gene was associated with abnormal CFR. 

ET PV CONTROLS 

CFR 2.9+/-0.94 2.2+/-0.7 3.8+/-0.7 

CFR <2.5 38.5% 68.2% 4.1% 

CFR < 2.0 15.4% 40.9% 0 

• Am J Hematol. 2015 Feb;90(2):109-13. 



The Clinical Importance of 

the Microcirculation 
• Major determinant of myocardial blood flow 

• Explains why anatomy cannot predict FFR 

• Explains why non-hyperaemic indices cannot predict FFR 

• Significant impact on prognosis 

• Critically important in shock states - ongoing trials 

• Possible target for new therapeutic agents and strategies 

especially in STEMI 



Ismail et al. Journal of Cardiovascular Magnetic Resonance 2014, 16:49Ismail TF et al.J Cardiovasc Magn Reson. 2014 Aug 12;16:49 


