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Primary percutaneous coronary intervention is currently the standard of care for the treatment of acute ST-segment 
elevation myocardial infarction (STEMI). While it can restore flow in the infarcted artery in the majority of 
cases, some patients experience the so-called “no-reflow” phenomenon, which consists of abnormal myocardial 
reperfusion occurring after the occluded coronary artery has been opened. It is caused by microvascular obstruction 
(MVO), and its pathogenesis is multifactorial, including myocardial ischaemia, distal embolisation, and ischaemia-
reperfusion injury, combined with individual susceptibility. Currently, there is no consensus on pharmacological 
or interventional strategies which can prevent or treat it. We herein discuss in detail the pathophysiology of the 
“no-reflow” phenomenon in STEMI patients, which is closely related to MVO, as well as potential pharmacological 
and interventional treatments tested in clinical studies.
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No reflow and slow flow after percutaneous coronary
intervention (PCI) are highly dynamic processes
characterised by failure to adequately obtain 

microvascular reperfusion despite successful stent implantation in 
the epicardial coronary artery.1 Microvascular obstruction (MVO) 
– the pathological basis of these phenomena – was first described
in 1948 by Harman and colleagues in albino male rabbits, and its
impact on adverse clinical outcomes was highlighted more than
two decades ago.2-4 It may occur in approximately 40-50% of
patients undergoing PCI, with a higher incidence among patients
with ST-segment elevation myocardial infarction (STEMI).4

MVO after successful stent implantation in epicardial 
coronary vessel reperfusion can be the result of an interplay 
of various factors: myocardial ischaemia, spontaneous or 
iatrogenic distal embolisation, reperfusion-related injury, 
and individual susceptibility. These factors contribute either 
to intravascular obstruction (e.g., endothelial cell swelling, 
platelet-neutrophil plugging, fibrin-thrombus generation, etc.) 
or to extravascular compression (e.g., myocardial oedema, 
cardiomyocyte swelling/hypercontracture, intramyocardial 
haemorrhage, pericyte contracture, etc.).

Over the last three decades, extensive efforts have been made 
to identify pharmacological and interventional approaches 

capable of preventing or treating this no-reflow/slow-flow 
phenomenon, as well as targeting MVO; however, to date, 
no therapy has been shown to consistently improve clinical 
outcomes.5

Against this background, this state-of-the-art review 
provides a comprehensive overview of the pathophysiological 
mechanisms underlying this phenomenon, as well as invasive 
and non-invasive diagnostic tools, and finally, pharmacological 
and interventional treatments, highlighting the clinical gaps in 
the field (Central illustration). 

Pathophysiology of slow flow and no reflow 
Mechanistically, both slow flow and no reflow arise when the 
coronary microcirculation becomes the rate-limiting step for 
myocardial perfusion, despite epicardial patency.6-8

Risk factors for slow flow and no reflow cluster into 
patient, lesion, and procedural domains, with these factors 
being more prominent and of longer duration in no reflow 
(Figure 1, Supplementary Table 1). 

Mechanisms of no reflow 
The mechanisms underlying no reflow are illustrated 
in Figure 2. 
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Abbreviations
IMR	 index of microcirculatory resistance 

miR	 microRNA

MVO	 microvascular obstruction

PCI	 percutaneous coronary intervention

STEMI	� ST-segment elevation myocardial 
infarction

EuroIntervention	 Central Illustration

Risk factors, diagnosis and treatment of slow flow/no-reflow.
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The current understanding of microvascular obstruction allows clinicians to identify several risk factors related to specific 
patient, plaque, and procedural characteristics, primarily associated with endothelial damage with reduced NO production and 
increased endothelin release. In addition, several tools have been developed for diagnosing microvascular obstruction, including 
both non-invasive and invasive tools. Among non-invasive tools, cardiac magnetic resonance imaging is increasingly utilised, 
while invasive tools mostly rely on TIMI flow assessment and pressure wire-based indices of microcirculatory resistance. Finally, 
several strategies have been proposed to prevent and treat microvascular obstruction, extending broadly beyond the mechanical 
procedures. Additional treatments include pharmacological options, such as preprocedural statins or intravascular adenosine, 
and technical aspects, such as direct stenting or staged stenting after an initial balloon-based lesion expansion. NO: nitric oxide; 
TIMI: Thrombolysis in Myocardial Infarction
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THROMBUS EMBOLISATION
A first mechanism is distal microembolisation secondary to 
wire, balloon, or stent manipulation, which dislodges platelet-
fibrin aggregates, cholesterol crystals, and cellular debris 
that become lodged in arterioles and capillaries, creating 
patchy luminal loss and heterogeneous areas of non-perfused 
microvasculature.6-8 When the embolic particulate burden 
is modest, angiography may show delayed contrast transit, 
indicating slow flow. In contrast, when the embolic burden 
is high or recurrent, the obstruction becomes durable and 
tissue-level: the hallmark of no reflow and MVO.6-8

In parallel, the embolic burden damages the coronary 
endothelial surface layer. Glycocalyx shedding exposes 
intercellular adhesion molecule-1 (ICAM-1), vascular cell 
adhesion molecule-1 (VCAM-1), and von Willebrand factor, 
thereby enhancing leukocyte rolling and platelet tethering 
through leukocyte integrins. Moreover, endothelial nitric 
oxide synthase (eNOS) operates in a  state that is deficient 
in cofactors or substrate, generating superoxide rather than 
nitric oxide (NO) and reducing NO bioavailability, while 
oxidation of soluble guanylate cyclase further reduces cyclic 
guanosine monophosphate (cGMP) output. Reactive oxygen 
species (ROS), hypoxia, thrombin, and cytokines upregulate 
endothelin-1 and endothelin-converting enzyme-1, while 
the loss of NO removes tonic suppression and augments 
endothelin-1 production and release. Overall, these changes 

promote coronary vasomotor constriction.6,9,10 Because 
signalling from NO to soluble guanylate cyclase, and then 
to cGMP, is reduced as endothelin-1 levels rise, the coronary 
microcirculation cannot dilate fully during hyperaemia and 
its minimal resistance increases.6,10

VASOCONSTRICTION
At the capillary wall, pericytes are active effectors of persistent 
narrowing. These contractile mural cells encircle capillaries 
and regulate their diameter; small calibre reductions 
disproportionately raise resistance. With endothelin-1 
dominance, the activation of endothelin A and endothelin B 
receptors increases intracellular calcium and enhances calcium 
sensitivity via Rho kinase, sustaining pericyte and arteriolar 
constriction and raising minimal microvascular resistance.6,11 
Ischaemia and early reperfusion trigger contraction at these 
sites, and relaxation is supported by the nitric oxide to cGMP 
to protein kinase G and the adenosine to cyclic adenosine 
monophosphate (AMP) pathways. Experimental inhibition 
of pericyte pathways, for example, G protein-coupled 
receptor 39 signalling, relaxes the capillary bed and reduces 
no reflow, linking transient slow flow with persistent tissue-
level hypoperfusion when pericyte constriction persists.6,11,12 
Concomitantly, oedema accumulates within the reperfused 
territory, and extravascular compression raises interstitial 
hydrostatic pressure, further increasing microvascular 

Patient level
Age
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Systemic inflammation

Lesion level
Thrombus burden
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Long disease
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Procedure level
Preprocedural TIMI O to 1
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Figure 1. Risk factors for slow flow and no reflow. Several risk factors have been associated with slow flow and no reflow after 
PCI, which can be schematically clustered into patient-level, lesion-level, and procedure-level characteristics. Patient-level 
factors, such as age and CKD, reduce the activity of eNOS, while lesion- and procedure-level factors are those associated with 
increased particle generation, ultimately leading to slow flow and endothelial damage. All these factors play a key role in 
generating the imbalance between nitric oxide and endothelin in favour of endothelin, further inducing endothelial damage and 
peripheral capillary ischaemia. CKD: chronic kidney disease; eNOS: endothelial nitric oxide synthetase; PCI: percutaneous 
coronary intervention; TIMI: Thrombolysis in Myocardial Infarction
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resistance. Within the slow-flow and no-reflow continuum, 
this effect is load dependent, meaning that greater oedema 
volume produces larger increases in resistance.13,14

REPERFUSION INJURY
During ischaemia, succinate accumulates. Upon reperfusion, 
its rapid oxidation at the mitochondrial level drives 
a  burst of ROS, while myocytes accumulate calcium.12,15,16 
Mitochondrial permeability transition pore opening follows, 
leading to myocardial sarcomere hypercontracture − defined 
as calcium-driven sarcomere shortening with myofibrillar rigor 
− and regulated cell death. This cascade worsens endothelial 
dysfunction, promotes sustained pericyte contraction, 
and releases damage-associated molecular patterns that 
promote microthrombus formation and capillary occlusion. 
Consequently, more extensive and sustained ischaemia-
reperfusion signalling pushes the phenotype towards no 
reflow.12,15,16

Ultimately, inflammation and thrombosis pathways 
consolidate, causing failure in both slow flow and no reflow. 
Platelet-leukocyte aggregates and neutrophil extracellular 
traps (NETs) scaffold microthrombi; integrin-mediated 
binding with exposure of phosphatidylserine and tissue 
factor, as well as modulation by sphingosine-1-phosphate 
and ceramide, injures the endothelium and interfaces with 

coagulation to stabilise capillary occlusion. Greater activation 
of these mechanisms aligns with the transition from slow-
flow physiology to no-reflow tissue injury.6,17,18

ROLE OF PROTEOMICS, METABOLOMICS, MICRORNAS, AND 
NEUTROPHIL EXTRACELLULAR TRAPS
Metabolomics identifies ischaemic succinate as a  central 
node linking these entities. During ischaemia, mitochondria 
accumulate succinate; when reperfusion begins, rapid 
succinate oxidation triggers a  burst of reactive oxygen 
species. Thus, higher succinate flux and downstream 
lipid peroxidation correlate with the larger, more durable 
microvascular obstruction typical of no reflow.19

Proteomic studies in acute myocardial infarction (MI) 
demonstrate enrichment of complement and coagulation 
proteins in patients with greater MVO. This aligns with 
human myocardial data showing complement upregulation 
and deposition of the C5b-9 membrane attack complex 
following infarction. These signals are present in slow flow, 
but they are more intense and involve a  larger myocardial 
territory in no reflow.20

In parallel, microribonucleic acids (miRs) are small non-
coding ribonucleic acids (RNAs) − about 22 nucleotides in 
length − that repress messenger RNA and modulate endothelial 
stability, inflammatory signalling, and thrombosis across 

NET Inflammation Ischaemia

Sarcomere hypercontractility Vasoconstriction

Pericyte contraction

Endothelial damageLodgingParticle embolisation

Oedema

Figure 2. Pathophysiology of slow flow and no reflow. Endothelial damage and dysfunction play a central role in the complex 
pathophysiology of microvascular obstruction. Indeed, both the ongoing ischaemia and periprocedural particle embolisation 
lead to lodging of debris in the capillary bed, damaging the endothelium and leading to an imbalance between nitric oxide and 
endothelin production, and pericyte hyperreactivity, resulting in capillary vasoconstriction. Such vasoconstriction also leads to 
oedema and worsens ongoing ischaemia, worsening endothelial damage in a continuous ischaemic loop. In addition, ongoing 
ischaemia also induces local inflammation, which increases both peripheral lodging and vasoconstriction by NET production 
and sarcomere hypercontractility associated with calcium mobilisation, respectively. NET: neutrophil extracellular trap
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the slow-flow to no-reflow spectrum.21,22 Clinical cohorts 
link circulating miR-208a with angiographic no reflow and 
adverse remodelling, and associate miR-660-5p with the 
no-reflow phenotype in STEMI.23-25 Consistent with these 
clinical findings, no reflow after primary PCI shows higher 
levels of the long non-coding RNA metastasis-associated lung 
adenocarcinoma transcript-1 and lower levels of miR-30e, 
miR-126, and miR-155, together with increased endothelin-1 
and heparanase.23-25 Complementary reports further link 
reduced levels of miR-126 and miR-155 following intervention 
to impaired endothelial integrity; meanwhile, miR-98, miR-
145, and miR-34 are described as modulators of endothelial 
survival and tone in ischaemia-reperfusion models, aligning 
with the clinical gradation from slow flow to no reflow.19

Ultimately, NETs are deoxyribonucleic acid (DNA) and 
protein webs released by activated neutrophils. In primary 
PCI, NETs scaffold platelet and fibrin microthrombi, 
bind von Willebrand factor and tissue factor, and obstruct 
capillaries, driving the transition from slow flow to no reflow. 
While deoxyribonuclease (DNase) reduces NET-mediated no 
reflow in ischaemia-reperfusion models, a higher NET burden 
is associated with poorer ST-segment resolution and a  larger 
MI size.17,26,27

ROLE OF PERICYTES
A clear conceptual distinction has been made between 
reperfusion injury, which primarily affects cardiomyocytes, 
and no reflow, which is predominantly a  microvascular 
phenomenon.6 Several experimental studies have 
demonstrated that a  reduction in infarct size does not 
necessarily translate into attenuation of the no-reflow area 
or improvement in myocardial blood flow, suggesting 
a  dissociation between myocyte salvage and microvascular 
perfusion.6 Kaul et al proposed the hypothesis that when 
the mean coronary perfusion pressure falls below 45 mmHg 
and arterioles – fully dilated – cannot maintain a  constant 
capillary hydrostatic pressure, pericyte contraction induces 
capillary constriction. This mechanism aims to stabilise 
capillary hydrostatic pressure at approximately 30 mmHg, as 
required by Starling’s laws governing tissue fluid homeostasis. 
This pericyte-mediated capillary constriction, demonstrated 
during myocardial ischaemia and low perfusion pressure 
states, results in a  capillary volume decrease with reduced 
myocardial blood flow, particularly in the endocardium.6,28 
This phenomenon, called ischaemic capillary derecruitment, 
has been described not only in the heart but also in skeletal 
muscle and the central nervous system.28,29 Importantly, this 
mechanism, initially reversible, may become irreversible 
with prolonged ischaemia or ineffective reperfusion because 
of pericyte death or phenotype transformation, leading to 
permanent capillary rarefaction, sustained microvascular 
dysfunction, and eventually, myocardial necrosis and 
heart failure.6 Pericyte contraction may therefore represent 
a  unifying and pathophysiologically plausible mechanism 
underlying the no-reflow phenomenon. This could open 
new opportunities for pharmacological or mechanical 
interventions aimed at preserving or restoring microvascular 
perfusion – beyond epicardial recanalisation – with pericyte 
relaxation and subsequent reductions in no reflow, infarct 
size and degree of ischaemia.

Non-invasive and invasive diagnostic tools
Microcirculatory vessels (<500 µm), whose obstruction is 
the cause of the slow-flow/no-reflow phenomenon, cannot 
be visualised by non-invasive or invasive imaging techniques. 
Therefore, diagnosing this condition requires the use of 
specific angiographic/electrocardiogram (ECG) indices and 
functional tests.30

ECG
ST-segment resolution in patients with STEMI is widely 
used as a  marker of myocardial reperfusion in patients 
treated with thrombolysis or following primary PCI. An 
ST-segment resolution <50% has been associated with severe 
microcirculatory injury and worse outcomes compared with 
an ST-segment resolution ≥50%.31,32

CORONARY ANGIOGRAPHY
The angiographic definition of slow flow/no reflow has 
traditionally been based on visual estimation. The slow-flow/
no-reflow phenomenon is defined as a delay in the progression 
of the contrast dye into the coronary arteries after successful 
culprit (epicardial) vessel revascularisation.30,33

The Thrombolysis in Myocardial Infarction (TIMI) flow 
grade (from 0 to 3) is a  visually estimated semiquantitative 
method to assess the severity of slow flow/no reflow after 
PCI.34 In patients with STEMI, normal TIMI flow (grade 3) 
has been associated with a  low risk of in-hospital death.35 
However, a notable percentage of patients with normal TIMI 
flow also show inadequate myocardial perfusion, leading to 
pathological cardiac remodelling, heart failure and cardiac 
death at follow-up.36 In fact, only 24% (day 1), 31% (day 
2), 35% (day 4), and 43% (day 8) of STEMI patients treated 
with primary PCI and with normal angiographic TIMI flow 
post-PCI exhibit a  normal perfusion on cardiac magnetic 
resonance imaging (MRI).37

The myocardial blush grade (MBG) is another visually 
estimated classification aimed at characterising myocardial 
reperfusion (from 0 to 3) in patients with normal TIMI 
flow.36 Assessment of the MBG requires generous contrast 
injection (to properly fill the entire coronary artery) and long 
cinefluoroscopic recordings up to the venous phase of the 
contrast passage. The MBG is based on the contrast filling 
and washout of the distal (prearteriolar) vessels of a selected 
artery. The best projection is usually chosen for each coronary 
artery, preferably the left lateral view for the left anterior 
descending artery (LAD) and the right oblique view for the 
left circumflex and right coronary arteries. Table 1 shows 
the TIMI coronary flow and MBG classifications. Although 
TIMI flow and the MBG are intuitive and easy markers 
of coronary flow and myocardial perfusion, they have 
significant variability and very low accuracy for assessing 
microcirculatory obstruction.38

The TIMI frame count and the corrected TIMI frame count 
(CTFC) are more useful to objectively evaluate the coronary 
flow and are frequently used in the setting of clinical trials. 
The TIMI frame count is defined as the number of cine 
frames needed for the contrast dye to reach standardised 
distal landmarks.39 For the TIMI frame count assessment, 
it is advisable to perform high-definition cinefluoroscopic 
recordings of the investigated vessel at 25 or 30 frames/
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second. The first frame is counted when the contrast dye 
fully enters the artery. For the LAD, the standardised distal 
landmark is the distal bifurcation (moustache), for the left 
circumflex artery, it is the distal bifurcation with the longest 
distance to the culprit lesion, and for the right coronary 
artery, it is the first branch of the posterolateral artery.39 The 
CTFC is based on the TIMI frame count, adjusted for the 
differences in the cine frame rate between laboratory systems 
and the different lengths of the coronary arteries. TIMI 
frame count estimation in catheterisation laboratories with 
cine acquisitions at 25 frames/second requires multiplying by 
a factor of 1.2 to homogenise with acquisitions at 30 frames/
second; and TIMI frame count of the LAD requires dividing 
by a  factor of 1.7 to homogenise with the other arteries.39 
Although several studies indicate a  relationship between 
(high) CTFC and adverse clinical outcomes, the correlation 
between CTFC and microvascular obstruction is weak.40

CARDIAC MAGNETIC RESONANCE IMAGING
Cardiac MRI is the gold-standard technique to assess MVO, 
equivalent to the slow-flow/no-reflow phenomenon, in 
STEMI patients.4 In a pooled data analysis of 1,688 STEMI 
patients imaged with cardiac MRI within 7 days of the index 
procedure, MVO was observed in 57% and was associated 
with a  significantly higher risk of death or rehospitalisation 
for heart failure at 1 year.4

MVO assessment by cardiac MRI requires specific 
perfusion protocols with intravenous (IV) gadolinium. 
MVO is generally measured on early (1-3 minutes) and late 
(8-10 minutes) gadolinium administration sequences. In both 
sequences, MVO is typically visualised as central dark focus 
areas within the hyperenhanced infarcted area.41 Due to the 
slow diffusion of gadolinium into the surrounding areas of the 
no-reflow site, early sequences identify a higher proportion of 
patients and larger areas of MVO than late sequences. It is 
commonly accepted that late sequences reflect a more reliable 
segmentation of the no-reflow segment.41

The main limitations of cardiac MRI are the low 
accessibility in many institutions and the variability of MVO 
over time. The amount of MVO increases threefold during the 
first 48  hours after STEMI, and then it gradually decreases 
between the first and second month until it disappears. 

FUNCTIONAL ANGIOGRAPHY-DERIVED INDICES OF 
MICROVASCULAR RESISTANCE
Novel angiographic-based software assisted with automatic 
lumen contour detection, along with surrogate TIMI frame 
count and myocardial blush grading, is being investigated to 
assess the microcirculatory resistance.42 So far, it has shown 
poor accuracy to assess the microcirculatory resistance 
compared with intracoronary (IC) pressure wire-based 
assessment.42 However, this is an emergent field with potential 
improvement using artificial intelligence to redefine current 
algorithms.

There is limited evidence supporting the use of these 
software platforms in STEMI patients. However, most of the 
studies conclude that angiography-derived indices have better 
accuracy to diagnose MVO (defined by cardiac MRI) than 
TIMI flow or MBG based on plain angiography and visual 
assessment.43,44

FUNCTIONAL INVASIVE METHODS BASED ON 
INTRACORONARY WIRES
Invasive functional assessment with Doppler and pressure-
thermistor intracoronary wires allows an immediate diagnosis 
of slow flow/no reflow and monitoring of the response to 
dedicated therapies. All invasive functional methods require 
maximal (achievable) hyperaemia. The coronary flow reserve 
(CFR) is the ratio between the estimated coronary flow at 
rest and at maximal hyperaemia. Although a  CFR <2 is 
considered a  parameter of microcirculatory dysfunction and 
has been associated with poor clinical outcomes, it represents 
the capacity of the whole coronary system (including the 
epicardial vessel and the microcirculation) to increase the 
coronary flow. For this reason, other invasive indices focused 
solely on the microcirculation are preferred in this context. So 
far, three different techniques have been described. 

DOPPLER WIRE
Intracoronary Doppler wires assess the coronary blood velocity 
(cm/sec). Together with the lumen area (cm2) measured at the 
location of the Doppler sensor (by angiography or intravascular 
imaging techniques) and the distal pressure at maximal 
hyperaemia, they are capable of estimating the coronary blood 
flow (cm3/sec) and the hyperaemic microcirculatory resistance 

Table 1. Angiographic grades of coronary reperfusion.

Grade TIMI flow Myocardial blush grade

0 No reflow: there is no antegrade flow beyond the 
revascularised lesion

No myocardial blush or contrast density; or in extreme cases, 
myocardial blush persists and stains the myocardium, 
indicating leakage of contrast medium into the extravascular 
space

1
Slow flow: the contrast material passes beyond the 
revascularised lesion but does not fill the entire distal 
coronary artery (for the entire cinefluoroscopy sequence)

Minimal myocardial blush or contrast density

2

Slow flow: the contrast material passes beyond the 
revascularised lesion and opacifies the entire distal coronary 
artery but slower than other arteries not supplied by the 
target lesion

Moderate myocardial blush or contrast density, but less than 
that seen during angiography of a contralateral or ipsilateral 
non-infarct-related artery

3
Normal flow: antegrade flow fills the distal bed of the 
revascularised vessel at a similar velocity as other coronary 
vessels

Normal myocardial blush or contrast density, comparable 
with that seen during angiography of a contralateral or 
ipsilateral non-infarct-related artery

TIMI: Thrombolysis in Myocardial Infarction
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velocity. Most notably, IC Doppler assessment has described 
unique characteristics of the slow-flow/no-reflow phenomenon, 
such as early systolic retrograde flow and rapid deceleration of 
diastolic blood velocity.45 Currently, IC Doppler wires are not 
available worldwide.

THERMODILUTION WITH BOLUS SALINE INJECTION
Intracoronary bolus saline injection requires a  dedicated 
pressure-thermistor wire (PressureWire X [Abbott]), 
software (CoroFlow [Coroventis]) and any hyperaemic 
agent. Three consecutive 3 mL bolus saline injections at 
rest and at maximal hyperaemia are needed to assess the 
resting and hyperaemic mean transit times (Tmn).46 Tmn is 
an equivalent of the coronary flow, and therefore, CFR is 
estimated as the ratio between resting Tmn and hyperaemic 
Tmn values.46 The index of microcirculatory resistance (IMR) 
is assessed simultaneously with the CFR and represents 
the minimal resistance to coronary flow at maximal 
hyperaemia. The IMR is an abstract value obtained by the 
formula: Tmn x distal pressure at maximal hyperaemia. In 
patients without acute coronary syndrome, an IMR ≥25 is 
considered coronary microvascular dysfunction.46 In STEMI 
patients with an IMR assessment of the culprit vessel after 
revascularisation, around 50% of patients have an IMR 
>25.47 However, only an IMR >40 has been associated with 
MVO, as assessed by cardiac MRI, and with poor clinical 
outcomes.47-49

THERMODILUTION WITH CONTINUOUS SALINE INFUSION
Intracoronary continuous saline infusion requires the 
same pressure-thermistor wire (PressureWire X) and 
software (CoroFlow) as bolus saline infusion, together with 
a  dedicated microcatheter (RayFlow [HEXACATH]) and 
infusion pump. Maximal hyperaemia is obtained by IC 
saline infusion at 15-30 mL/min via a microcatheter without 
the need for any hyperaemic agent. In patients without 
acute coronary syndrome, continuous saline infusion causes 
steady hyperaemia to a  similar or superior degree as IC or 
IV adenosine. Continuous saline infusion thermodilution 
technique provides the absolute coronary flow (ACF) and 
minimal microcirculatory resistance (MMR) of a  selected 
segment of any artery. This technique is operator independent 
and has shown excellent reproducibility.50 However, human 
variability in coronary artery tree distribution and differences 
in the ventricular mass between arteries hamper the 
standardisation of ACF and MMR reference values.

In STEMI patients, MMR measurement after primary 
PCI has good diagnostic accuracy to predict an IMR >40.51 
However, in patients with severe slow flow/no reflow after 
primary PCI, continuous saline infusion causes a continuous 
cooling of the distal temperature and may confer erratic 
measures.52

Prevention and treatment of no reflow 
Various pharmacological agents, mechanical devices, and 
technical strategies have been tested for preventing and treating 
no reflow in STEMI. They target the pathophysiological 
factors involved in the occurrence of no reflow, including 
thrombus embolisation, vasoconstriction, and reperfusion 
injury.

PHARMACOLOGICAL STRATEGIES
ADENOSINE
Adenosine is a  purine nucleoside that binds adenosine 
receptors in cardiac myocytes and blood vessels. The main 
effects include smooth muscle cell relaxation in the coronary 
circulation, negative dromotropic and chronotropic effects, 
and antiplatelet properties. In initial studies in patients with 
STEMI receiving thrombolytic therapy (Acute Myocardial 
Infarction STudy of ADenosine [AMISTAD] I and II trials), 
adenosine showed a reduction in infarct size, although it did 
not improve clinical events.53,54

The Intracoronary Nitroprusside Versus Adenosine in 
Acute Myocardial Infarction (REOPEN-AMI) multicentre 
trial evaluated the effects of intracoronary adenosine or 
nitroprusside on MVO in patients undergoing primary 
or rescue PCI after thrombus aspiration and glycoprotein 
(GP) IIb/IIIa antagonist administration. Selective infusion of 
adenosine, but not that of nitroprusside, was demonstrated 
to improve MVO, as assessed by an ST-segment resolution 
>70% at 90 minutes after primary PCI.55 The REperfusion 
Facilitated by LOcal Adjunctive Therapy in ST-elevation 
Myocardial Infarction (REFLO-STEMI) trial tested whether 
intracoronary high-dose adenosine or sodium nitroprusside 
reduced infarct size and/or MVO, determined by cardiac 
MRI. MVO was similar across groups. However, on per-
protocol analysis, infarct size and major adverse cardiac 
events at 30 days and 6 months were increased and ejection 
fraction was reduced in adenosine-treated patients compared 
with controls.56

NITROPRUSSIDE
Nitroprusside is a  direct donor of nitric oxide, which is 
a potent vasodilator of the resistance arteriolar circulation and 
has antiplatelet and anti-inflammatory effects. Intracoronary 
nitroprusside at doses of 50-300 μg is effective in the treatment 
of no reflow. When injected distally in the coronary artery, it 
has a  negligible systemic effect on blood pressure. As seen 
above, it has been used as a  comparator against adenosine 
with inconclusive results.55,57 Recently, the Treatment of 
Slow-flow After Primary Percutaneous Coronary Intervention 
With Flow-mediated Hyperemia (RAIN FLOW) study, 
randomised patients with ST-segment elevation myocardial 
infarction and no reflow to receive either pharmacological-
mediated hyperaemia with IC adenosine or nitroprusside, 
or a  combination of both (n=30), versus flow-mediated 
hyperaemia (n=37). Both the TIMI frame count and MMR 
were similar between groups.52

CALCIUM CHANNEL BLOCKERS: NICORANDIL, VERAPAMIL, 
AND DILTIAZEM
Nicorandil is a  potassium‐channel activator with nitrate 
properties that improves microvascular flow by dilating 
coronary microvessels resistant to standard nitrates and 
reduces neutrophil infiltration and platelet aggregation. This 
drug has been demonstrated to reduce the occurrence of no 
reflow after rotational atherectomy and during PCI of vein 
grafts.52,58 In the Effects of Nicorandil on Cardiac Infarct 
Size in Patients With ST-segment-Elevation Acute Myocardial 
Infarction Undergoing Primary Percutaneous Coronary 
Intervention (CHANGE) trial, IV nicorandil was demonstrated 
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to reduce the incidence of no reflow and the infarct size while 
improving the rate of complete ST-segment resolution and left 
ventricular (LV) ejection fraction.59 A recent randomised trial 
reported that the oral administration of nicorandil significantly 
reduced the rate of no reflow, improved the myocardial blush 
grade, showed higher rates of complete ST-segment resolution, 
and improved clinical outcomes compared to placebo.60 In 
a  meta-analysis involving 18 randomised controlled trials 
(RCTs), nicorandil significantly reduced the incidence of the 
no-reflow phenomenon and major adverse cardiac events, 
with a combination of IC and IV administration representing 
the optimal usage of nicorandil.61

Verapamil and diltiazem were compared against 
nitroglycerine in patients with no reflow after primary 
PCI in the REstoration of COronary flow in patients with 
no-reflow after primary coronary interVEntion of acute 
myocaRdial infarction (RECOVER) trial. Compared with 
the nitroglycerine group, the diltiazem and verapamil groups 
showed improvements in corrected TIMI frame counts, had 
more complete ST-segment resolution at 3  hours after PCI, 
and demonstrated lower peak troponin T levels, and lower 
N-terminal pro-B-type natriuretic peptide levels at 1 and 
30 days after PCI.62

STATINS
Beyond cholesterol reduction, statins exhibit anti-
inflammatory, antithrombotic, and endothelial-protective 
properties that may be particularly beneficial in the acute 
setting of STEMI. A  systematic review and meta-analysis 
involving 11 studies (n=4,294  patients) demonstrated that 
the use of high-dose statins before PCI significantly reduced 
postprocedural no reflow.63

GLYCOPROTEIN IIB/IIIA INHIBITOR
According to the 2023 European Society of Cardiology (ESC) 
guidelines for the management of acute coronary syndromes, 
GP IIb/IIIa inhibitors should be considered (Class IIa, Level of 
Evidence C) if there is evidence of no reflow or a thrombotic 
complication during PCI.64 In the INFUSE-AMI trial, patients 
presenting with anterior STEMI were randomised in a  2x2 
factorial design to receive abciximab or not, and manual 
thrombectomy or not. The primary endpoint (infarct size at 
30 days as assessed by MRI) was reduced in the abciximab 
group (vs placebo) but not in the manual aspiration 
therapy group. However, indices of myocardial reperfusion, 
ST-segment resolution, and 30-day clinical event rates were 
not significantly different between the randomised groups.65 
Recently, the randomised REVERSE-FLOW trial investigated 
the effect of GP IIb/IIIa inhibitors on cardiac MRI-derived 
reperfusion success in patients with angiographic MVO 
after primary PCI. The primary endpoint of infarct size was 
similar between patients assigned to GP IIb/IIIa inhibitors 
and controls. However, an exploratory analysis of patients 
with TIMI flow grade 0 or 1 revealed a significantly reduced 
infarct size after administration of GP IIb/IIIa inhibitors, 
while patients with TIMI flow grade 2 did not benefit. The 
risk of developing and the extent of cardiac MRI-derived 
MVO was significantly lower in patients who received GP 
IIb/IIIa inhibitors. Finally, bleeding events were significantly 
higher in the GP IIb/IIIa arm.66

EPINEPHRINE
An observational proof-of-concept study randomised STEMI 
patients with refractory coronary no reflow during PCI to IC 
epinephrine versus conventional treatment. IC epinephrine 
improved TIMI 3 flow, left ventricular ejection fraction, 
and ST-segment resolution, and reduced 30-day death or 
heart failure compared with conventional agents.67 An open-
label randomised clinical trial included 201  patients with 
no reflow who were randomised 1:1 to IC epinephrine and 
IC adenosine. The primary endpoints were improvement in 
coronary flow, as assessed by TIMI flow, corrected TIMI 
frame counts, and myocardial blush grade. No reflow was 
more effectively improved with epinephrine, as evidenced by 
improved final TIMI 3 flow and final corrected TIMI frame 
counts. However, no significant differences were observed in 
the rates of final grade 3 myocardial blush or in the mean 
reduction of corrected TIMI frame counts.68

BETA BLOCKERS
The use of beta blockers before reperfusion to reduce infarct 
size has been tested with conflicting results. The Effect 
of METOprolol in  CARDioproteCtioN During an Acute 
Myocardial Infarction (METOCARD-CNIC) Trial (n=220) 
showed that IV metoprolol administered before primary PCI 
reduced infarct size and preserved LV function.  This study 
only included anterior STEMI and was neither blinded nor 
placebo controlled.69 The Early Beta blocker Administration 
before reperfusion in patients with ST-Elevation Myocardial 
Infarction who are planned to undergo primary PCI 
(EARLY-BAMI) trial was the first double-blinded, placebo-
controlled, multicentre international study assessing the 
effect of early IV beta blocker therapy before primary PCI 
in a less restricted STEMI population. The primary endpoint 
− mean infarct size − was similar between the metoprolol 
group and the placebo group. Prereperfusion administration 
of IV metoprolol did not improve left ventricular ejection 
fraction on cardiac MRI.70

GLUCAGON-LIKE PEPTIDE-1 RECEPTOR AGONIST
Glucagon-like peptide-1 receptor agonist (GLP-1 RA) is 
an incretin hormone that regulates plasma glucose, has 
antioxidant and anti-inflammatory properties, and may 
protect endothelial function. Experimental studies have 
also revealed that GLP-1 RAs, or their analogues, protect 
against reperfusion injury in pigs. In a randomised trial that 
compared liraglutide versus placebo in STEMI patients before 
primary PCI, the prevalence of no reflow (primary endpoint) 
was significantly lower in the liraglutide group than in the 
control group. In addition, there was a  significant decrease 
in serum high-sensitivity C-reactive protein levels at 6 hours 
post-reperfusion in the liraglutide group compared with the 
control group.71

THE SALINE TECHNIQUE
The SALINE technique consists of 3 rapid (≈3 s) sequential 
intracoronary injections of 10 mL saline delivered through 
a  thrombus aspiration catheter positioned distally to the 
stented segment in patients with no reflow after primary 
PCI. In a  propensity score-matched analysis, this technique 
was shown to be safe and effective in improving surrogate 
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markers of MVO, such as TIMI flow grade 3 and ST-segment 
resolution >70% at 90 minutes, compared with optimal 
standard therapy.72 At three years, major adverse cardiac 
events – though limited by the very small sample size – were 

reduced in the saline versus standard-of-care group. Each 
saline bolus aims to rapidly increase distal coronary pressure 
and volume, promoting microvascular recruitment and 
displacement of microemboli and vasoconstrictive agents.73 

Specific stent
platform

Thrombectomy

Supersaturated
oxygen

Direct stenting

Distal protection
devices

Excimer laser
atherectomy
Excimer laser
atherectomy

PiCSOPiCSO

Figure 3. Interventional treatments for microvascular obstruction. Among the available treatments for microvascular obstruction, 
6 interventional treatments have been tested in pivotal trials, including the use of specific stent platforms, such as balloon-
expandable bare-metal stents with polyethylene terephthalate micronet mesh and self-expanding stents, mechanical 
thrombectomy, intracoronary supersaturated oxygen, PiCSO, excimer laser atherectomy, use of direct stenting to avoid particle 
generation during lesion preparation, and use of distal protection devices in cases of high-risk plaques. PiCSO: pressure-
controlled intermittent coronary sinus occlusion
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This hypothesis on its mechanism of action is supported by 
a reduction of the postprocedural IMR in most cases. These 
findings should be considered as hypothesis-generating and 
require confirmation in larger and randomised trials.

MECHANICAL STRATEGIES 
The mechanical strategies for preventing and treating no 
reflow in STEMI are depicted in Figure 3.

The single-centre Thrombus Aspiration during Percutaneous 
coronary intervention in Acute myocardial infarction Study 
(TAPAS) was the first randomised trial analysing the effect of 
manual thrombectomy on myocardial blush grade: it showed 
that aspiration thrombectomy reduced the incidence of no 
reflow, improved angiographic outcomes, and even improved 
cardiac death at 1  year.74,75 Nevertheless, the large-scale 
Thrombus Aspiration in ST-Elevation Myocardial Infarction in 
Scandinavia (TASTE) trial and A Randomized Trial of Routine 
Aspiration ThrOmbecTomy With PCI Versus PCI Alone in 
Patients With STEMI Undergoing Primary PCI  (TOTAL) 
demonstrated that routine thrombus aspiration did not reduce 
mortality among patients with STEMI up to 1 year, but it was 
associated with an increase in the rate of stroke.76-78 Therefore, 
routine aspiration thrombectomy has gained a Class III, Level 
of Evidence A, recommendation in the setting of primary PCI 
in the recent ESC guidelines.64 Selective use in patients with 
significant thrombus burden may be considered. 

Rheolytic thrombectomy also failed to improve infarct size, 
TIMI myocardial blush grade, microvascular obstruction, and 
LV remodelling.79,80 Few data are available about mechanical 
thrombectomy, though findings are especially positive 
regarding continuous mechanical aspiration thrombectomy, 
which has an established role in thrombus removal within 
the neurovasculature and pulmonary bed.81 Distal protection 
(with filters or balloons) has also not shown any benefit in 
preventing no reflow in STEMI,82-84 whereas it has shown to 
be beneficial in preventing no reflow in elective saphenous 
vein graft PCI.85

Other device-based strategies aimed at reducing the 
incidence of no reflow in acute STEMI treatment are the use 
of mesh-covered stents and lasers. The MGuard (InspireMD) 
− a  bare metal stent covered with a  polymeric mesh − was 
designed to reduce distal embolisation during percutaneous 
coronary intervention in STEMI. The MASTER trial showed 
complete ST-segment resolution with the MGuard stent 
compared with control, with a trend towards reduced 1-year 
mortality, despite late lumen loss typical of bare metal stents. 
However, the improved safety and efficacy of drug-eluting 
stents, together with stent dislodgment issues related to the 
MGuard stent, have led to its discontinuation.86

Excimer laser coronary angioplasty has been proposed to 
reduce distal embolisation and no reflow by plaque debulking 
and thrombus vaporisation before stent implantation.87 
However, there are no randomised studies supporting this 
hypothesis.

Another device-based therapy aimed at limiting infarct size, 
which is the result of no reflow and subsequent MVO, is 
the Pressure-controlled intermittent coronary sinus occlusion 
device (PiCSO [Miracor Medical]). It consists of a dedicated 
balloon placed in the coronary sinus that inflates and deflates 
cyclically providing a  transient increase in coronary sinus 

pressure that redistributes blood flow from the remote to the 
ischaemic myocardium. Preliminary non-randomised studies 
showed that this therapy was safe and feasible, and was 
potentially associated with improved coronary microvascular 
resistance. The PiCSO-AMI-I trial was the first randomised 
study evaluating the ability of PiCSO to reduce infarct size 
in STEMI patients undergoing primary PCI. It included 
145  patients randomised 1:1 to PiCSO-assisted PCI versus 
conventional PCI. The trial failed to show any difference 
in infarct size between the 2 groups either at 5  days or at 
6  months, with no difference in terms of MVO occurrence. 
PiCSO use was associated with increased procedural time and 
contrast use but not with an increase in adverse events up to 
6 months.88

Among novel technologies, supersaturated oxygen (SSO2) 
infusion represents another potential treatment of no reflow 
and MVO. Preclinical studies showed that SSO2 may reduce 
infarct size by decreasing microvascular damage. The Acute 
Myocardial Infarction with Hyperoxemic Therapy (AMIHOT) 
study tested SSO2 in 269 STEMI patients in a  randomised 
manner: infarct size did not differ between the 2 groups, but 
there was some evidence towards a  positive effect in anterior 
STEMI.89 This was confirmed in AMIHOT II, which included 
only anterior STEMI, with a statistically significant reduction in 
infarct size in the SSO2 group.90 SSO2 therapy has received U.S. 
Food and Drug Administration (FDA) approval and a European 
Conformity (CE) mark and is indicated for non-shock anterior 
(LAD) STEMI treated successfully with PCI within 6 hours of 
symptom onset. SSO2 is usually infused through a 5 Fr guiding 
catheter for 60 minutes following stent implantation in anterior 
STEMI.91

Finally, hypothermia was studied in the EUROpean 
Intracoronary Cooling Evaluation in Patients With 
ST-elevation Myocardial Infarction (EURO-ICE) trial, in 
which 200 patients with anterior STEMI were randomised 
1:1 to selective IC hypothermia (30-33°C for 7-10 minutes 
before and 10 minutes after reperfusion) or primary PCI 
alone. The study showed a  favourable safety profile for 
the technique but failed to reduce microvascular injury 
or infarct size – evaluated by cardiac MRI – at 3-month 
follow-up.92

TECHNICAL STRATEGIES
Besides device-related strategies, there are also some 
technical strategies aimed at reducing the incidence of no 
reflow, such as direct stenting or deferred stenting. The 
idea of direct stenting (rather than predilation followed by 
stent implantation) in preventing no reflow is related to 
minimising thrombotic lesion preparation, avoiding thrombus 
embolisation. In elective cases, direct stenting has shown no 
benefit,93 whereas in primary PCI, evidence from small studies 
exists showing a reduced incidence of no reflow.87,94 Evidence 
from a  systematic review and meta-analysis – including 
only 3 small randomised clinical trials – suggests that direct 
stenting in STEMI might be associated with improved clinical 
and procedural outcomes; however, the fact that RCTs 
account for the minority of available data and that most of 
the available studies poorly reflect current clinical practice, 
as well as the existence of publication bias, preclude drawing 
definitive conclusions.95 Of interest, a  subanalysis from the 
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TOTAL Trial showed that although thrombectomy alone did 
not reduce no reflow in all patients, it may be synergistic with 
direct stenting.96

A two-step strategy of initial reperfusion by balloon 
angioplasty, followed by later stent implantation, has been 
also evaluated for the prevention of no reflow. The third 
DANish Study of Optimal Acute Treatment of Patients 
with ST-elevation Myocardial Infarction − Deferred Stent 
Implantation Versus Conventional Treatment (DANAMI-3-
DEFER) showed that deferred stenting did not reduce infarct 
size, MVO, or the 10-year occurrence of all-cause mortality, 
but it did reduce hospitalisation for heart failure.97,98 A meta-
analysis of 8 studies (3 randomised and 5 non-randomised) 
also showed no differences in hard clinical endpoints, but 
it did show improved surrogate angiographic endpoints in 
deferred stenting versus the conventional approach.99

Another technical strategy explored in this field is ischaemic 
post-conditioning. This technique consists of reopening the 
infarct artery, followed by repetitive, brief interruptions of blood 
flow prior to establishment of final reperfusion through balloon 
inflation. Whereas in animal models, post-conditioning has 
resulted in an increase in myocardial salvage, in humans, there 
are conflicting results.100 The third DANish Study of Optimal 
Acute Treatment of Patients with ST-elevation Myocardial 
Infarction  – Ischemic postconditioning (DANAMI-3-iPOST) 
tested the effect of post-conditioning in addition to primary 
PCI on survival and hospitalisation for heart failure. A  total 
of 1,234  patients were randomised 1:1 to post-conditioning 
versus conventional treatment. No differences were found 
between groups in terms of TIMI flow after PCI nor in the 
other specified endpoints.101 However, a  post hoc analysis of 

the same trial showed that post-conditioning reduced the risk of 
all-cause mortality and hospitalisation for heart failure in those 
patients not treated with thrombectomy up to 5-year follow-up, 
with no difference in the immediate post-PCI TIMI flow.102

Gaps in the evidence
Although the considerable data on the pathophysiology, 
diagnostic tools, and therapeutic procedures of the slow-flow/
no-reflow phenomenon do not delineate a  clear flowchart 
for its prevention and treatment, we have tried to suggest 
a  flowchart based on standard clinical practice (Figure 4, 
Figure 5).

Looking ahead, a  precision-medicine approach for 
treatment of no reflow/slow flow is essential. Standardising 
diagnostic methods, tailoring therapies to the underlying 
mechanisms of MVO, and stratifying patients based on risk 
profiles and individual susceptibilities are critical steps to 
optimise outcomes.

Various pharmacological and interventional strategies 
have been investigated to mitigate MVO in STEMI patients 
undergoing primary PCI. While several promising findings have 
emerged, these have not been translated into improved clinical 
outcomes in large RCTs. This discrepancy may be attributed to 
the multifactorial nature of MVO pathophysiology, variability 
in therapeutic responses influenced by drug dosages and the 
effects of background antithrombotic therapies, and the fact 
that the studies are quite old with the included patients often 
receiving thrombolytics or experiencing a  delay to primary 
PCI. 

Lack of standardisation in diagnostic methods has further 
contributed to inconsistencies in the reported incidence of 

TIMI 2-3

Thrombectomy

Balloon predilation
0.5-0.8:1

TIMI 2-3

Yes

No

Yes

Glycoprotein IIb/Illa
inhibitor bolus

Consider thrombus
retrieval devices

No

Scoring/cutting
balloon predilation

0.8:1 + thrombectomy

TIMI 2-3

Yes

Stent deployment

Repeat angiography at
24-48 hours

Avoid stenting

No

Glycoprotein IIb/Illa inhibitors
for 24-48 h + heparin

Figure 4. Algorithm for the prevention of slow flow/no reflow in patients undergoing percutaneous coronary intervention.  
The figure illustrates the algorithm for the prevention of slow flow and no reflow in patients undergoing percutaneous coronary 
intervention. If a TIMI flow of 0-1 is detected, several strategies may be attempted to restore flow before stent deployment, such 
as balloon predilation and thrombectomy. In case these strategies do not suffice, periprocedural glycoprotein IIb/IIIa inhibitors 
may allow dissolution of peripheral plugs and restore optimal flow. In case TIMI flow 2-3 is not achieved with these strategies, it 
may be appropriate to consider deferring stent implantation, with perfusion of glycoprotein IIb-IIIa inhibitors and heparin for 
24-48 h. In case of significant thrombus burden, thrombus aspiration is also an option. TIMI: Thrombolysis in Myocardial 
Infarction
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MVO. While angiographic indices are widely used because 
of their accessibility, they offer limited sensitivity, especially 
given the dynamic nature of MVO, which can evolve hours 
or days after reperfusion. Advanced diagnostic tools, such 
as MRI, provide greater sensitivity and valuable prognostic 
information yet remain underutilised both in clinical 
practice and RCTs – due to limited availability and high 
costs.

Conclusions
Intracoronary therapies and emerging approaches, such 
as SSO2, have shown encouraging results in specific 
patient subgroups and in improving surrogate outcomes. 
However, these findings require validation through large-
scale, methodologically robust trials that address current 
evidence gaps. A new generation of clinical trials is focused 
on reperfusion therapy by testing adjunctive device-based 
and pharmacological strategies aimed at further reducing 
infarct size and MVO beyond the benefit achieved with 
primary PCI alone (Table 2). Future RCTs should explore 
new therapeutic targets, such as pericyte contraction, 
and should also prioritise comprehensive evaluations of 
therapeutic efficacy, encompassing not only surrogate 
endpoints but also hard clinical outcomes, to build stronger 
evidence.

Authors’ affiliations
1. Hospital Clínic Cardiovascular Institute, Institut 
d’Investigacions Biomèdiques August Pi i Sunyer (IDIBAPS), 
Barcelona, Spain; 2. Facultat de Medicina i Ciències de la Salut, 
Universitat de Barcelona (UB), Barcelona, Spain; 3. CIBER-CV, 
Biomedical Research Networking Center in Cardiovascular 
Diseases, Madrid, Spain; 4. Department of Cardiology, 
University of Florida College of Medicine, Jacksonville, FL, 
USA; 5. Cardiology Unit, Department of Cardiac-Thoracic-
Vascular Science and Public Health, University of Padova, 
Padua, Italy

Conflict of interest statement
S. Brugaletta has received speaker fees from Zoll. M. Sabaté 
is a  consultant for iVascular and Abbott. The other authors 
have no conflicts of interest to declare.

References
	 1. �Eeckhout E, Kern MJ. The coronary no-reflow phenomenon: a review of 

mechanisms and therapies. Eur Heart J. 2001;22:729-739.

	 2. �Harman JW. The significance of local vascular phenomena in the produc-
tion of ischemic necrosis in skeletal muscle. Am J Pathol. 1948;24: 
625-641.

	 3. �Morishima I, Sone T, Okumura K, et al. Angiographic no-reflow pheno-
menon as a predictor of adverse long-term outcome in patients treated with 

Before stenting

Slow flow/no reflow

After stenting Haemodynamic
assessment

Unstable

Stable

Identify the underlying cause

Treatment of slow flow/no reflow

Stabilise the patient

Yes

No

Slow flow/no reflow
confirmed

Treat the
underlying cause

Avoid stenting
Intravascular imaging to
check the guidewire position
in the true lumen

Administer nitrates
to exclude coronary 
vasospasm

Distal coronary injection
through a microcatheter

First line:
Adenosine +/−
nitroprusside

Second line:
Glycoprotein IIb/IIIa inhibitors

Third line:
IC epinephrine,
saline technique

Other:
Nicorandil, diltiazem, verapamil
SSO2 (anterior MI within 6 hours
from symptom onset)

Hypotension:
Saline +/− 
norepinephrine

Bradycardia:
Atropine +/− 
provisional pacemaker

RV involvement:
Saline + dobutamine

Cardiogenic shock:
Inotropes
Vasopressors
Assist devices

Figure 5. Algorithm for the treatment of slow flow/no-reflow in patients undergoing percutaneous coronary intervention. The 
figure illustrates the algorithm for the treatment of slow flow/no reflow in patients undergoing percutaneous coronary 
intervention. In case the slow flow/no reflow is detected before coronary stenting, identifying the underlying cause through 
intravascular imaging, distal injection, or nitrates is the cornerstone of downstream management. Similarly, if the diagnosis is 
made after stent deployment, it is critical to determine if the cause is true slow flow/no reflow or is due to haemodynamic 
instability. In the latter case, it is essential to stabilise the patient, as this could be misdiagnosed as slow flow/no reflow and lead 
to unnecessary downstream treatment, potentially worsening the patient’s clinical state and outcomes. IC: intracoronary; 
MI: myocardial infarction; RV: right ventricle; SSO2: supersaturated oxygen; TIMI: Thrombolysis in Myocardial Infarction



ST
AT

E-
OF

-T
H

E-
AR

T

EuroIntervention 2026;22:e473-e488 • Salvatore Brugaletta et al. e485

Slow flow and no reflow

percutaneous transluminal coronary angioplasty for first acute myocardial 
infarction. J Am Coll Cardiol. 2000;36:1202-1209.

	 4. �de Waha S, Patel MR, Granger CB, et al. Relationship between microvas-
cular obstruction and adverse events following primary percutaneous coro-
nary intervention for ST-segment elevation myocardial infarction: an 
individual patient data pooled analysis from seven randomized trials. Eur 
Heart J. 2017;38:3502-3510.

	 5. �Ndrepepa G, Kastrati A. Coronary No-Reflow after Primary Percutaneous 
Coronary Intervention-Current Knowledge on Pathophysiology, Diagnosis, 
Clinical Impact and Therapy. J Clin Med. 2023;12:5592.

	 6. �Kaul S, Methner C, Cao Z, Mishra A. Mechanisms of the “No-Reflow” 
Phenomenon After Acute Myocardial  Infarction: Potential Role of 
Pericytes. JACC Basic Transl Sci. 2022;8:204-220.

	 7. �Inoue F, Ueshima K, Fujimoto T, An K, Uemura S, Saito Y. Coronary 
plaque characteristics that indicate distal embolization during percutane-
ous coronary intervention in patients with stable angina-virtual histology 
intravascular ultrasound study. Cardiovasc Interv Ther. 2013;28:227-234.

	 8. �Limbruno U, De Carlo M, Pistolesi S, et al. Distal embolization during 
primary angioplasty: histopathologic features and predictability. Am 
Heart J. 2005;150:102-108.

	 9. �Jugdutt BI. Nitric oxide and cardioprotection during ischemia-reperfusion. 
Heart Fail Rev. 2002;7:391-405.

	 10. �Méndez-Carmona N, Wyss RK, Arnold M, Jet al. Differential effects of 
ischemia/reperfusion on endothelial function and contractility in donation 
after circulatory death. J Heart Lung Transplant. 2019;38:767-777.

	 11. �Avolio E, Campagnolo P, Katare R, Madeddu P. The role of cardiac peri-
cytes in health and disease: therapeutic targets for myocardial infarction. 
Nat Rev Cardiol. 2024;21:106-118.

	 12. �Methner C, Cao Z, Mishra A, Kaul S. Mechanism and potential treatment 
of the “no reflow” phenomenon after acute myocardial infarction: role of 

pericytes and GPR39. Am J Physiol Heart Circ Physiol. 2021;321: 
H1030-H1041.

	 13. �Reffelmann T, Kloner RA. The “no-reflow” phenomenon: basic science 
and clinical correlates. Heart. 2002;87:162-168.

	 14. �Bekkers SC, Yazdani SK, Virmani R, Waltenberger J. Microvascular 
obstruction: underlying pathophysiology and clinical diagnosis. J Am Coll 
Cardiol. 2010;55:1649-1660.

	 15. �Braunersreuther V, Montecucco F, Asrih M, et al. Role of NADPH oxidase 
isoforms NOX1, NOX2 and NOX4 in myocardial ischemia/reperfusion 
injury. J Mol Cell Cardiol. 2013;64:99-107.

	 16. �Davidson SM, Yellon DM, Murphy MP, Duchen MR. Slow calcium waves 
and redox changes precede mitochondrial permeability transition pore 
opening in the intact heart during hypoxia and reoxygenation. Cardiovasc 
Res. 2012;93:445-453.

	 17. �Sanchis J, García-Blas S, Ortega-Paz L, et al. Cell-free DNA and 
Microvascular Damage in ST-segment Elevation Myocardial Infarction 
Treated With Primary Percutaneous Coronary Intervention. Rev Esp 
Cardiol (Engl Ed). 2019;72:317-323. English, Spanish.

	 18. �de Bont CM, Boelens WC, Pruijn GJM. NETosis, complement, and coagu-
lation: a triangular relationship. Cell Mol Immunol. 2019;16:19-27.

	 19. �Borzuta H, Kociemba W, Bochenek O, Jarowicz M, Wsół A. Advances in 
Pathophysiology and Novel Therapeutic Strategies for Coronary 
No-Reflow Phenomenon. Biomedicines. 2025;13:1716.

	 20. �Vogel CW. The Role of Complement in Myocardial Infarction Reperfusion 
Injury: An Underappreciated Therapeutic Target. Front Cell Dev Biol. 
2020;8:606407.

	 21. �Mompeón A, Pérez-Cremades D, Paes AB, et al. Circulating miRNA 
Fingerprint and Endothelial Function in Myocardial Infarction: 
Comparison at Acute Event and One-Year Follow-Up. Cells. 2022;11: 
1823.

Table 2. Future trials.

Study name Device/drug tested Study description Identifier number

STEMI-DTU Impella CP systema
LV unloading with the Impella CP system in patients with 
anterior STEMI prior to reperfusion vs current standard of 
care aiming to reduce infarct size on cardiac MRI

NCT03947619

RIC-AFRICA RIC
Upper arm RIC in STEMI patients before and after 
reperfusion (mainly with thrombolysis). Primary composite 
endpoint: all-cause death and HF at 30 days

NCT04813159

RIP-HIGH RIC+post-conditioning 
Brief cycle of RIC and post-conditioning after reperfusion vs 
standard of care in STEMI patients with Killip class ≥2 to 
evaluate the impact on all-cause mortality and HF

NCT04844931

HOT-AAMI IC SSO2

SSO2 therapy administered immediately after pPCI in 
anterior STEMI vs pPCI alone in order to reduce the 
composite outcome of all-cause mortality or HF

NCT06742684

REDUCE Sono-thrombolysis Sono-thrombolysis vs placebo delivered before and after 
pPCI, aiming to reduce infarct size on cardiac MRI ACTRN12620000807954

UPFRONT-STEMI GP IIb/IIIa inhibitors+ 
nitroglycerine+verapamil

GP IIb/IIIa inhibitors, nitroglycerine, and verapamil 
administered before reperfusion, followed by staged 
restoration of flow using repeated balloon inflations to 
reduce no reflow and MVO on cardiac MRI

NCT05393557

IOCYTE AMI-3 FDY-5301  
(sodium-iodide-based agent) 

Evaluates the impact on all-cause mortality and HF of a 
single IV bolus injection FDY-5301 vs placebo in anterior 
STEMI patients

NCT04837001

COOPERATION IV dexmedetomidine 
Dexmedetomidine infusion during pPCI vs placebo in 
patients with anterior STEMI in order to reduce infarct size 
on cardiac MRI

NCT04912518

NORMAL IC nicorandil 
IC nicorandil administered after initial flow restoration and 
before stent implantation vs placebo. Endpoints: post-PCI 
AMR evaluation and slow flow/no reflow reduction

NCT06787430

aby Abiomed. ACTRN: Australian Clinical Trials registration number; AMR: angiography-derived index of microcirculatory resistance; CP: cardiac power;  
GP IIb/IIIa: glycoprotein IIb/IIIa; HF: heart failure; IC: intracoronary; IV: intravenous; LV: left ventricular;  MRI: magnetic resonance imaging; 
MVO: microvascular obstruction; NCT: National Clinical Trial; PCI: percutaneous coronary intervention; pPCI: primary PCI; RIC: remote ischaemic 
conditioning; SSO2: supersaturated oxygen; STEMI: ST-segment elevation myocardial infarction
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Supplementary Table 1. Risk factors for slow flow and no reflow. 

Risk factor Mechanism Risk increase if present (OR/HR/RR, 

95% CI, endpoint, population) 

PATIENT DOMAIN —  
  

Prolonged ischaemic time (late 

presentation) 

Longer ischaemia intensifies ischaemia–reperfusion signalling, 

endothelial dysfunction, pericyte constriction, oedema, and 

microthrombi, shifting slow flow toward durable MVO 

Qualitative, longer symptom-to-

reperfusion associated with larger MVO 

on cardiac MRIin reperfused STEMI 

Admission hyperglycaemia Augments oxidative stress, inflammation, and platelet reactivity, 

worsening microvascular dysfunction and capillary plugging 

Qualitative, higher glucose linked to 

larger MVO and worse tissue perfusion in 

primary PCI cohorts 

Chronic kidney disease Endothelial dysfunction, impaired nitric oxide signalling, 

heightened inflammation and platelet activation increase 

microvascular resistance 

Qualitative, higher MVO burden and 

worse microvascular indices reported in 

chronic kidney disease 

Older age Structural microvascular rarefaction and stiffer microvessels 

reduce vasodilator reserve, facilitating slow flow and no-reflow 

under embolic load 

Qualitative, consistent association with 

impaired tissue reperfusion metrics 

Systemic inflammation (e.g., high 

CRP, IL-6/IL-8) 

Endothelial activation, increased permeability, and 

prothrombotic milieu favour leukocyte–platelet adhesion and 

NET-rich microthrombi 

Qualitative, inflammatory markers 

correlate with MVO extent and 

microvascular injury in reperfused 

STEMI 

Anaemia Reduced oxygen delivery and shear-mediated endothelial 

signalling may worsen microvascular instability during 

reperfusion 

Qualitative, observational links with 

impaired myocardial reperfusion 

Shock or tachyarrhythmias at 

presentation 

Low perfusion pressure and high demand amplify microvascular 

failure and oedema, increasing minimal resistance 

Qualitative, associated with greater MVO 

and impaired tissue perfusion 

LESION DOMAIN  
  

High thrombus burden Distal embolisation and NET-rich microthrombi increase 

capillary plugging and endothelial injury 

OR 5.24, 95% CI 1.95–14.12, 

angiographic no-reflow after primary PCI 

(meta-analytic estimate) 



Pre-procedural occlusion 

phenotype (cut-off/abrupt 

closure) 

Large proximal thrombus and lipid-rich debris generate higher 

particulate load with device passage 

Qualitative, distal embolisation and 

tissue-level obstruction more frequent 

Lipid-rich or ulcerated plaque, 

long lesion, bifurcation, heavy 

calcification 

More debris generation and endothelial trauma during wiring, 

pre-dilation, and stenting increase embolic burden 

Qualitative, morphology associated with 

distal embolisation and impaired 

myocardial perfusion 

PROCEDURAL DOMAIN  
  

Pre-PCI TIMI 0–1 flow Larger thrombus load and stagnant flow predispose to distal 

embolisation and MVO on reperfusion 

OR 4.98, 95% CI 2.77–8.94, 

angiographic no-reflow after primary PCI 

(meta-analytic estimate) 

Multiple or long stents, high-

pressure inflations 

Greater plaque and thrombus manipulation, plus barotrauma, 

enhance particulate release and endothelial denudation 

Qualitative, higher distal embolisation 

and impaired tissue perfusion 

Atherectomy or extensive 

thrombus manipulation without 

distal protection 

Increases particulate load and microembolisation to the 

microcirculation 

Qualitative, greater slow flow/no-reflow 

risk reported in complex plaque and graft 

interventions 

Saphenous vein graft intervention Friable atherothrombotic material with high embolic potential 

increases no-reflow risk 

Qualitative, high distal embolisation 

propensity in graft PCI 

 


