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STEMI in Spain

• Around 30% of Percutaneous Coronary Interventions (PCIs) are performed as emergent Primary-PCI in 
STEMI patients. 

Number of Primary-PCIs



STEMI in Spain

• In the recent years, Primary-PCI programs have been shown effective to reduce the mortality rate in 
STEMI patients. In 2022 around 5% of in-hospital death in STEMI patients.   

Cequier A, et al.; REC 2017; 70 (3): 155-61
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Causes of In-hospital death in STEMI patients: 

Pedersen F, et a l.; JACC 2014; 64:2101–8
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Ndrepepa G, et al.; Circulation CV Int. 2010; 3:27-33



Slow flow / No reflow

Definition: 

Coronary TIMI flow ≤ 2 after appropriate revascularization (with stent implantation) 

without significant residual stenosis (>50% DS), coronary dissection, spasm or thrombus.

After s tent implantation (Absorb)STEMI patient (Occlusion LAD) After thrombus aspiration (x4) + IIb/IIIa inhibitor



Slow flow / No reflow

Definition: 

Coronary TIMI flow ≤ 2 after appropriate revascularization (with stent implantation) 

without significant residual stenosis (>50% DS), coronary dissection, spasm or thrombus.

After s tent implantation (Absorb) Final result

Morphine
Midazolam
Adenosine
Nitroprusside



Prevention

Thrombus aspiration

Dedicated s tents

Direct s tenting

IIb/IIIa inhibitors

Reperfusion time Others : B-blokers, statines,,…

Slow flow / No reflow

Treatment strategies: 



Treatment

Post-conditioning

IABP

Adenosine

Nitroprusside

Nicorandil

Flow-mediated 
hyperemia

Prevention

Thrombus aspiration

Dedicated s tents

Direct s tenting

IIb/IIIa inhibitors

Reperfusion time Others : B-blokers, statines,,…

Slow flow / No reflow

Treatment strategies: 



Slow flow / No reflow

Guidelines: 

Byrne R, et a l.; EHJ 2023



The randomized RAIN-FLOW trial

JAHA 2023

Hypothesis: 

• Flow-mediated hyperemia with the Ray-
Flow microcatheter at 20 ml/min induces a 
more powerful, well-tolerated and steady 
hyperemia than hyperemic drugs.



The randomized RAIN-FLOW trial

JAHA 2023

Flow-chart: 

Estimated sample size = 
100 patients 



The randomized RAIN-FLOW trial

JAHA 2023

Endpoints: 

Before Flow-Mediated Hyperemia

After Flow-Mediated Hyperemia

58 frames

16 frames

1) To compare the TIMI frame count after 2-min of 
hyperemia (flow-mediated vs. pharma-mediated). 
Core-lab assessment.



The randomized RAIN-FLOW trial

JAHA 2023

Endpoints: 

1) To compare the TIMI frame count after 2-min of 
hyperemia (flow-mediated vs. pharma-mediated). 
Core-lab assessment.

2) To compare the Minimal Microcirculatory 
Resistance (MMR) after 2’15’’ of Flow-Mediated 
hyperemia (in the flow-mediated group) vs. the 
MMR at 15’ in the Pharma-Mediated group (with 
prior administrarion of hyperemic drugs). Core-lab 
assessment.

After 15 sc. of hyperemia

After 2 min & 15 sc. Of hyperemia



The randomized RAIN-FLOW trial

Results: 

The study was prematurely terminated due 
to: 

- Slow recruitment (67 patients after 2 
years of inclusion period). 
- An interim analysis of efficacy showed 
no differences in both endpoints. 

JAHA 2023



The randomized RAIN-FLOW trial

Results: 

There was no difference regarding both co-primary endpoints:  

JAHA 2023
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Results: 

There was no difference regarding both co-primary endpoints:  
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The randomized RAIN-FLOW trial

Results: 

In-hospital outcomes:  

JAHA 2023



The randomized RAIN-FLOW trial

Discussion: 

Not reliable results of MMR after 2 minutes of saline infusion at 20 ml/min?: 
- Angiographic TIMI flow improved after saline but this was not reflected in Q/R values.  
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Discussion: 

Not reliable results of MMR after 2 minutes of saline infusion at 20 ml/min?: 
- Angiographic TIMI flow improved after saline but this was not reflected in Q/R values. 
- Two patterns of Q/R during saline infusion in the Flow-Mediated hyperemia group:  



The randomized RAIN-FLOW trial

Discussion: 

Not reliable results of MMR after 2 minutes of saline infusion at 20 ml/min?: 
- Angiographic TIMI flow improved after saline but this was not reflected in Q/R values. 
- Two patterns of Q/R during saline infusion in the Flow-Mediated hyperemia group:  



The randomized RAIN-FLOW trial

Discussion: 

Insufficient saline clearance was associated with:
• Sub-acute MI
• Worse pre-treatment TIMI flow
• Worse final TIMI flow
• Outcomes



The randomized RAIN-FLOW trial

Conclusions: 

1) Flow-Mediated Hyperemia with 2-min of saline infusion via microcatheter is as 
effective as hyperemic drugs to improve the final TIMI flow



The randomized RAIN-FLOW trial

Conclusions: 

1) Flow-mediated hyperemia with 2-min of saline infusion via microcatheter is as 
effective as hyperemic drugs to improve the final TIMI flow

2) However, neither pharmacologic or flow-mediated hyperemia seem effective to 
restore a normal final TIMI flow and patients still present with remarkable number 
of in-hospital events.  



The randomized RAIN-FLOW trial

Conclusions: 

1) Flow-mediated hyperemia with 2-min of saline infusion via microcatheter is as 
effective as hyperemic drugs to improve the final TIMI flow

2) However, neither pharmacologic or flow-mediated hyperemia seem effective to 
restore a normal final TIMI flow and patients still present with remarkable number 
of in-hospital events.  

3) Assessment of the hyperemic response to 2-min of flow-mediated hyperemia 
may distinguish patients with different response to hyperemic stimuli. 



Thank You!
Gracias!
Dank je!
Gràcies!



The randomized RAIN-FLOW trial

Results: 

Serial assessment of the coronary Q/R in the culprit vessel few days latter:  

JAHA 2023



Causes: 

- Slow flow / No reflow is caused due to 

temporary microvascular dysfunction. 

Slow flow / No reflow



Causes: 

- Slow flow / No reflow is caused due to 

temporary microvascular dysfunction. 

- In STEMI patients with slow flow, 

microvascular dysfunction is mainly mediated 

by microvascular obstruction (MVO) 

associated with:

• Thrombus embolization.

• Intra-myocardial edema.

• Microvascular spasm.

• Endothelial dysfunction and swelling.

• Microcirculatory hemorrhages.

• Reperfusion injury.

Slow flow / No reflow



• n = 1406 

• Pts with STEMI undergoing PCI

• No reflow defined as TIMI <3 flow or TMPG 0-1 after successful PCI (10 min post-PCI)

• Occurred in 30% of pts.

Ndrepepa G, et al. J Am Coll Cardiol. 2010;55:2383-2389. 

Slow flow / No reflow

Prevalence and clinical significance: 



• n = 1406 

• Pts with STEMI undergoing PCI

• No reflow defined as TIMI <3 flow or TMPG 0-1 after successful PCI (10 min post-PCI)

• Occurred in 30% of pts.

Ndrepepa G, et al. J Am Coll Cardiol. 2010;55:2383-2389. 

Slow flow / No reflow

Prevalence and clinical significance: 



Ross AM, et a l. J Am Coll Cardiol. 2005; 45:1775– 80. 

AMISTAD II trial

• A total of 2118 patients with STEMI treated with Primary-PCI or Thrombolysis. 

• Randomized to 3: placebo vs. Adenosine 50 𝜇g/Kg/min vs. 70 𝜇g/Kg/min for 3 hours.

• Underwent to SPECT at 24 hours of the hospitalization.  

Slow flow / No reflow

Adenosine: 



Niccoli G, et al.; J Am Col l Cardiol Intv 2013;6:580–9. 

REOPEN-AMI trial

• A total of 240 patients with STEMI and occluded culprit lesion (TIMI 0/I pre-ICP). 

• Randomized to: thrombus aspiration (TA) vs. TA+Adenosine vs. TA+Nitroprusside via 
microcatheter distal to the occlusion.  

Slow flow / No reflow

Adenosine & Nitroprusside: 



Nazir SA, et al.; EHJ 2016; 37:1910–9. 

REFLO-STEMI trial

• A total of 247 patients with STEMI. 

• Randomized to: thrombus aspiration (TA) vs. TA+Adenosine vs. TA+Nitroprusside via 
microcatheter distal to the occlusion.  

• Underwent to cardiac MRI 1-4 days after PCI. 

Slow flow / No reflow

Adenosine & Nitroprusside: 



SCACEST en nuestro medio: 

• En los últimos años se ha 
evidenciado una disminución de 
los ingresos por SCA. 

Dégano IR, et al.; REC 2013

• No obstante, los modelos 
muestran que estos se 
incrementaran en los próximos 
años debido al envejecimiento 
de la población.



Ndrepepa G, et al. Circulation CV Int. 2010; 3:27-33

Slow flow / No reflow 





Causas muerte intrahospitalaria 

en el SCACEST: 

García-García C, et al.; JAHA 2020; 9:e017159

Hospital Germans Trias i Pujol (Can Ruti)

FV y reinfarto

Arritmias (no FV)

Complicaciones 
mecánicas

Insuficiencia 
cardíaca/Shock



García-García C, et al.; JAHA 2020; 9:e017159

Hospital Germans Trias i Pujol (Can Ruti)

Causas muerte intrahospitalaria 

en el SCACEST: 



• Around 30% of Percutaneous Coronary Interventions (PCIs) are performed as emergent Primary-PCI in 
STEMI patients. 

Edited from the Registry of the Interventional Cardiology Association; Spanish Journal of Cardiology

STEMI in Spain

Number of Primary-PCIs

2019 2020 2021 2022

22.529 21.993

2019 2020 2021 2022

21.039 22.163
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