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Objectivos

• Entender los mecanismos de angina en pacientes con coronarias 

normales.

• Discutir fisiología coronaria mas allá de FFR y NHPR



Acrónimos a retenir

• INOCA = Ischaemia with non-obstructive coronary arteries

• ANOCA= Angor with non-obstructive coronary arteries

• MINOCA= Miocardial infacrtion…..

• CMD = Coronary microvascular dysfunction

• VSA= Vasospastic angina

• CFR = Coronary flow reserve

• IMR = Index of microcirculatory resistance

•



Introducción

• Se estima que al menos de 2 de cada 5 pacientes que son referidos 
para una coronariografía electiva tendrán arterias sin lesiones 
significativas, con tasas más elevadas en las pacientes sexo femenino. 
N. Engl. J. Med. 362 (2010) 886–895. 

• La mayoría de pacientes. Con INOCA sufren durante años antes de 
obtener un diagnóstico, dado que a veces hay falta de sensibilidad y 
sobre todo por una disponibilidad limitada a los test y experticia en 
INOCA Heart. 104 (2018) 284–292. 



Definición

• INOCA implica une discordancia entre la oferta y la  demanda de 
oxigeno miocárdico, sin lesiones significativas a nivel de las arterias 
epicárdicas

• Dos mecanismos mayores:
1.disfunción  microvascular 
2.problemas vasoespásticos



2020 Kunadian EAPCI document INOCA EHJ 2020
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2021 CMD state of the art Del Bueno et al JACC 2021;78,1352-1371.pdf
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Vasospasme: ergonovine/ Ach



Caso 1: espasmo epicárdico



Caso 1 



Caso 2: espasmo microvascular  



Fisiología microvascular

• La reserva de flujo coronario (CFR) es el aumento máximo del flujo 
sanguíneo en las arterias coronarias por encima del volumen normal 
en reposo.

• El IMR (índice de resistencia micro circulatoria) se mide durante el 
pico de hiperemia y es una representación de la resistencia 
microvascular mínima alcanzable y un reflejo del estado funcional de 
la microcirculación.





Matériel nécessaire



Evaluación invasiva de la microcirculación.





CFR - IMR  et pronostiqueImportance of the Microcirculation

Lee JM, et al. J Am Coll Cardiol 2016;67:1158-69.

In 313 patients with FFR>0.80, those with low CFR and high IMR (microvascular 

dysfunction) had significantly higher rate of death, MI, or revascularization.



Caso 3: Imágenes de fisiología



Caso 3: Imágenes de fisiología

CFR 
Rest / hyper
1.10/055= 1,8 



Caso 3: Imágenes de fisiología

IMR

Pd / CFR

59 / 1,8 = 33



JACC 2018;72:2841-55



Interv cardiology review 2019;14,76-82
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thermodilution or Doppler. The IMR is calculated as the distal coronary 

pressure at maximal hyperaemia multiplied by the hyperaemia mean 

transit time.26 Increased IMR (≥25) is representative of microvascular 

dysfunction.27 If Doppler wires are used, the hyperaemic microvascular 

resistance may be calculated as the ratio between hyperaemia 

distal coronary pressure and hyperaemia average peak velocity, with 

measurements >2.5 mmHg/cm/s being abnormal.28 

In brief, 50–70 U/kg intravenous heparin should be administered and 

a guiding catheter used to engage the coronary artery. We induce 

hyperaemia pharmacologically with intravenous adenosine 140  g/

kg/minute, although other pharmacological agents or exercise may 

be used. A pressure–temperature sensor guidewire (PressureWire X™, 

Abbott Vascular) or a Doppler wire (ComboWire XT® or FloWire®, Philips 

Volcano Corporation) may be used. In this technique, the guidewire 

wirelessly transmits data to a workstation or computer using dedicated 

analysis software (e.g. CoroFlow™, Coroventis). Typically, intra-arterial 

glyceryl trinitrate is given as for standard FFR assessment, although 

we suggest using ≤200  g. The half-life of glyceryl trinitrate is around 

2 minutes; thus after 10 minutes only 3% of the medication is active 

and it is unlikely to suppress a false-positive test for vasospasm in step 

two. Conversely if acetylcholine (ACh) testing is performed first, then 

resting flow and CFR assessment may be inaccurate, particularly after 

a positive vasospasm test. 

After equalisation and passing the diagnostic guidewire into the 

distal third of the vessel, the blood flow at rest is assessed either by 

thermodilution (akin to right heart catheterisation with Swan–Ganz/

bolus of normal saline) or by Doppler wire. 

Assessment  for Propensity to Coronary 

Vasoconst rict ion: Acetylcholine Provocat ion

In healthy endothelium, ACh stimulates abluminal release of nitric oxide, 

mediating vascular smooth muscle relaxation and increased blood flow. 

At high doses or in patients with endothelial dysfunction, ACh directly 

stimulates vascular smooth muscle, causing vasoconstriction that can 

precipitate epicardial vasospasm and/or microvascular vasospasm-

induced ischaemia. Typically, infusions of ACh at concentrations 

approximating 0.182, 1.82, and 18.2 µg/ml (10⌧6, 10⌧5 and 10⌧4 mol/l, 

respectively) at 1 ml/min for 2–3 minutes are given via a mechanical 

pump. These doses were historically derived using experiments adopting 

subselective infusion through an infusion catheter into the left anterior 

descending artery, assuming a resting flow of 80 ml/min. The effective 

concentration at tissue level was estimated at 10⌧8 to 10⌧6 M. The 

assessment of Doppler response to ACh involves intracoronary infusion 

catheters in combination with Doppler wire and requires larger guiding 

catheter sizes (7 Fr) and a 3 Fr infusion catheter into the coronary artery. 

Centres in Japan with over four decades of experience with ACh 

testing adopt a pragmatic and streamlined approach using sequential 

bolus doses of ACh via the guiding catheter. Doses start from 20 µg, 

increasing to 50 and 100 up to 200 µg in the left system (or 20, 50 

and 80 µg into the right coronary) over 20 seconds followed by up 

to 3 minutes between doses.29 Coronary angiography is performed 

when either ST segment changes or chest pain (or both) occur, 

or after 1 minute following the completion of each injection. We 

routinely use a well-engaged guiding catheter to deliver ACh via a 

2-minute infusion using an external mechanical pump without an 

additional infusion catheter. This approach facilitates smaller guiding 

catheters and reduces risk, time and procedural cost. 

Figure 2: Intervent ional Diagnost ic Procedure in Ischaemia 
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ACh GTN ACh GTN

ACEI = angiotensin-converting enzyme inhibitor; ACh = acetylcholine; CAD = coronary 

artery disease; FFR = fractional flow reserve; GTN = glyceryl trinitrate; IMR = index of 

microcirculatory resistance.

Table 1: Definit ion and Invasive Diagnost ic Crit eria for Disorders of Coronary Artery Funct ion

Disorder Symptoms Clinical measurement

Microvascular angina Abnormal microvascular resistance •  IMR ≥2527

•  Hyperaemic microvascular resistance ≥2.5 mmHg/cm/s28

Impaired coronary vasorelaxation •  CFR by thermodilution <2.025

Microvascular spasm Angina symptoms with ACh infusion AND:

•  ST-segment deviation on ECG

•  No significant epicardial coronary spasm (<90% diameter reduction) 

Vasospastic angina Epicardial spasm Angina symptoms during ACh bolus (e.g. 100  g acetylcholine over 20 seconds) AND:

•  ST-segment deviation on ECG

•  >90% epicardial coronary constriction during ACh reduction34

Non-cardiac •   Exclusion of significant epicardial coronary disease (fractional flow reserve >0.8) 

without any of the following abnormalities of coronary function: CFR <2.0,  

IMR ≥25 or positive ACh response.

ACh = acetylcholine; CFR = coronary flow reserve; IMR = index of microvascular resistance.
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Muchas Gracias 
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