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Δήλωση Σύγκρουσης Συμφερόντων

Καμία



Macro and Microcirculation

Taqueti VR, Di Carli MF. J Am Coll Cardiol. 2018;72:2625-2641.



Microcirculation: structure and function

•Structure

• Function Transport and exchange of nutrients and 

metabolic products between blood and tissue



Microcirculation: major site of peripheral resistance

Struijker Boudier HAJ. J Hypertens.1992
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40% to 90% of the BP is located in the microcirculation



Microcirculation 2002; 9: 295-304

Arterial remodeling in hypertension:
Representation of adaptive remodeling of arteries 

during the development of hypertension



Integrated 
approach to 
Microcirculation 
alterations in 
hypertension  

Chade A. Comp Physiol 2013

RAS, SNS, inflammation



Laurent S, et al. Hypertension. 2022;79:479-490.

Microcirculation in hypertension



McEvoy JW, et al. Eur Heart J. 2024;45:3912-4018.

Microcirculation in hypertension



Normal Hypertension

Sullivan J. Hypertension. 1993;5:844-851.

Capillary rarefaction in HT humans



✓42% rarefraction increases tissue 

flow resistance

✓20% reduction in hypertensives 

(nailfold)

✓Relation to M/L 

✓Prognostic role?

Rarefaction: facts in hypertension 

Hypertensive

Normotensive

Baseline Total

Baseline Total



Normal pattern (A)



Normal pattern (B)



Capillary rarefaction



Media to Lumen ratio

Laurent S, Boutouyrie P. Circ Res. 2015;116:1007-21.

Media

Lumen



Muiessan M, et al. Hypertension 2013

Small-artery structure and arterial stiffness

Vascular damage at macro-and micro level correlate. M/L increase contributes to 
central BP augmentation by heightening wave reflections

Age, MAP and M/L predictors 
of c-f PWV

c-f PWV and M/L predictors of 
central SBP 

HR, Height, SBP and M/L 
predictors of Aix 



Boari G, et al. J Hypertens 2010

Small-artery structure and renal function 

M/L, SBP and DM at baseline prognosticators of renal function 
change overtime (9 years) in 60 subjects



Mathiassen O, et al. J Hypertens 2007

Prognostic role of small-artery structure in hypertension: 
Moderate risk pts

✓M/L of subcutaneous 
small arteries potent 
predictor of CV events in 
moderate-risk population 

✓Even after adjustment 
for Heart Score-similar 
power of prognosis





Coronary 
macro-
and 
micro-
circulation

Taqueti VR, Di Carli MF. J Am Coll Cardiol. 2018;72:2625-2641.







Escaned J, et al. Eur Heart J 2020









MECHANISMS OF INOCA

EHJ(2020), EAPCI Expert Consensus Document on INOCA



Zhou W et al . Eur Heart J 2020



Zhou W et al . Eur Heart J 2020



D ‘ Amario et al Front 
Physiol. 2019



MVD in HFpEF

• Largest prospective multicenter study 

of CMD in HFpEF

• High prevelance (75%) of CMD in 

HFpEF in the absence of 

unrevascularized macrovascular CAD

• CMD is associated with HF severity (↑ 

NT-pro-BNP), systemic endothelial 

dysfunction (↓ endoPAT RHI, ↑ UACR 

) cardiac dysfunction (↓LV,LA,RV 

strain)

• Microvascular dysfunction may be a 

promising composite risk marker and 

therapeutic target in HFpEFEHJ 2018











Non-interventional methods 



How to do echo CFR?



Invasive Evaluation of INOCA 

EAPCI Expert Consensus Document on INOCA. Eur Heart J 2020



INOCA 
Pathophysiology 
Simplified



Coronary 
macro-
and 
micro-
circulation

Taqueti VR, Di Carli MF. J Am Coll Cardiol. 2018;72:2625-2641.



➢Female 55  y

History

• Anxiety disorder

• Uncontrolled hypertension with 3 drugs

• Dyslipidemia 

• Smoker 

• Obese

• Dyspnea and chest pain on exertion

➢ Stress Echo (+) for ischemia of the inferior wall 







Measurement of coronary blood flow

➢ Hyperemia phase: IV adenosine 140 mcg/kg/min

Microvascular
Disease





EAPCI Expert Consensus Document on INOCA. Eur Heart J 2020



Randomized trials in CMD



Agabiti-Rosei E, et al.  J  Hypertens 2009

Drug interventions in small artery structure: Data so far



CFR and optimal BP control 

Mizuno R, et al.  Hypertens 2012



De Ciuceis C et al. J Hypertens 2014

Antihypertensive therapy and microvascular structure
in hypertension



Neglia D, et al. J Hypertens 2010

Antihypertensive therapy and microcirculation

Indapamide+perindopril



De Ciuceis C et al. J Hypertens 2014

Effects on rarefaction 



Effects of antihypertensive combinations on SNS activity  

K. Tsioufis, et al. Curr Med Res Opin 2016 

•. 2016
•. 2016



Agabiti-Rosei E, et al.  J  Hypertens 2009

Summary of effects 





Dimitriadis K, …Tsioufis K. Eur Heart J Cardiovasc Pharmacother 2023 



Dimitriadis K, …Tsioufis K. Eur Heart J Cardiovasc Pharmacother 2023 



Tsioufis C, Papademetriou V, Dimitriadis K, et al. Int J Cardiol 2013

RDN and renal microcirculation in animal model







Integrated 
approach to 

INOCA





Conclusions

• MD should be evaluated in the setting of hypertension

• MD is related to worst prognosis, HF pathophysiology and INOCA in

hypertension

• Diagnostic interventional approach is key to successful diagnosis and

phenotyping

• Research is needed to address modern optimal management in this high-risk

hypertension setting, including INOCA pts

• The new “targeting” of MD equals “targeting” better prognosis in hypertension

Image result for keys to knowledge
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