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Primary percutaneous angioplasty (pPCl), represents the reperfusion strategy of choice for patients with STEMI
according to current international guidelines of the European Society of Cardiology. Coronary no-reflow is
characterized by angiographic evidence of slow or no anterograde epicardial flow, resulting in inadequate
myocardial perfusion in the absence of evidence of mechanical vessel obstruction. No reflow (NR) is related to a

functional and structural alteration of the coronary microcirculation.

myocardial infarction no-reflow percutaneous coronary intervention acute coronary syndrome

| 1. Introduction

Cardiovascular diseases and, in particular, acute myocardial infarction with ST-segment elevation (STEMI)
represent a major cause of mortality in industrialized countries. Primary percutaneous angioplasty (pPCI)
represents the reperfusion strategy of choice for patients with STEMI according to current international guidelines
of the European Society of Cardiology (ESC) . However, even after the restoration of culprit vessel patency,
suboptimal coronary reperfusion, less than three according to the Thrombolysis in Myocardial Infarction (TIMI)
score, may occur, with slow, incomplete, or absent coronary flow in the affected coronary artery [&. This
phenomenon, which can regress spontaneously in about half of the cases, is called “no-reflow” (NR) or
microvascular obstruction (MVO), and can complicate up to 60% of STEMI cases WEl. NR can occur in both the
setting of acute coronary syndrome and in the stable patient and is due to a structural and functional alteration of
the coronary microcirculation. In addition, it is associated with an increased incidence of rehospitalization, negative
ventricular remodeling, malignant arrhythmias, and heart failure and is an independent predictor of myocardial
infarction and death MIBIE Among the risk factors, the researchers can list cardiovascular risk factors such as: an
age over 65 years, hypertension, smoking, dyslipidemia, diabetes, renal failure, inflammatory processes, and a
history of atrial fibrillation, and procedure-related factors such as: the presence of an increased thrombotic load,

delayed presentation, high-pressure inflations, and the use of debulking devices &,

| 2. Pathophysiological Mechanisms

NR is related to a functional and structural alteration of the coronary microcirculation and the researchers can list
four main pathophysiological mechanisms: distal atherothrombotic embolization, ischemic damage, reperfusion
injury, and individual susceptibility to microvascular damage & (Figure 1). A complex atherosclerotic plaque can
lead to distal embolization phenomena both during the acute and procedural phases, leading to increased distal

vascular resistance and additional microinfarcts that promote the release of pro-inflammatory and vasoconstrictive
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substances LU The severity of ischemic injury is directly proportional to the duration of ischemia time. Ischemic
damage results in the death of cardiomyocytes, endothelial cells, and formation of interstitial edema with impaired
nitric oxide production and subsequent microcirculation obstruction favored by vascular endothelial growth factors
(VEGF) release that increase vascular permeability 1223 Reperfusion injury, on the other hand, is caused by the
abrupt restoration of blood flow at the level of the damaged microcirculation, causes direct cardiomyocyte damage
with an influx of inflammatory neutrophils during reperfusion that promotes the production of inflammatory
cytokines, free oxygen radicals, vasoactive substances, and proteolytic enzymes 14213 The presence of
preexisting endothelial dysfunction or genetic mutations, such as the 1976TC polymorphism of the gene for

adenosine receptors and various ion channels, increases the susceptibility to microvascular dysfunction and no-
reflow [68IL7],
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Figure 1. Summary of all the different factors involved in the genesis of the NR phenomenon.

| 3. Diagnosis of No-Reflow

Coronary angiography during pPCI is the most frequently used diagnostic method for the diagnosis of NR that,
thanks to the use of TIMI flow classification, allows to classify coronary flow on a scale from 0, absence of flow, to
3, presence of normal flow 2. Next to this, we also have the TIMI frame count that evaluates the number of frames
required for the contrast agent to fill the distality of the coronary arteries. An increased number of frames
constitutes an indirect index of NR X8, However, because of the poor sensitivity and specificity of this, another
angiographic assessment was subsequently introduced by evaluating the degree of myocardial “blush” (MBG).

Blush, in fact, assesses the intensity of myocardial tissue radiopacity obtained by injection of contrast medium into

https://encyclopedia.pub/entry/22450 2/11



No-Reflow Phenomenon | Encyclopedia.pub

the epicardial coronary arteries and the rapidity with which this impregnation decreases 12! (Table 1). MBG also

ranges from 0 to 3 and is diagnostic of NR for values of 0—1 [,

Instead, a more accurate invasive assessment is possible through flow parameters or resistance parameters.
Coronary flow reserve (CFR), in fact, through the ratio of coronary flow during maximal hyperemia to coronary flow
at rest, provides information about the microcirculation in the absence of epicardial stenosis. A value < 2.0 was
associated with the presence of MVO with a sensitivity of 79%. In addition, the measurement of coronary blood
flow velocity using intracoronary Doppler guidance allows for the detection of the typical flow pattern associated
with NR, characterized by early retrograde systolic flow and rapid deceleration of diastolic flow 2921 The
microvascular resistance index (IMR), based on the principle of thermodilution, is defined as the product of distal
coronary pressure and the mean transit time of a bolus during maximum hyperemia using a dual pressure and
temperature guide, and provides an assessment of microcirculation independent of hemodynamic parameters. IMR
values > 25 correlate with the presence of MVO, and a post-procedure IMR > 40 units has been associated with a
higher rate of in-hospital adverse events, mortality, and readmission for heart failure at 1-year follow-ups 221231,
Alternatively, IMR under conditions of maximal hyperemia incorporates Doppler flow velocity to estimate flow, and
values > 2.5 mmHg/cm/s are predictive of MVO [2124 Recently, angiography-derived IMR (IMRgangio) has been
studied, with good diagnostic accuracy in predicting both IMR > 40 units and the presence of large MVOs on
cardiac MRI being documented 22!, Another new technology is CorFlow Therapy™ (CoFI™), which combines real-
time microvascular assessment with the ability to administer intracoronary drugs 28, This device determines
transient coronary occlusion by balloon inflation, incremental infusions of crystalloid at a predefined flow rate, and
simultaneous measurement of distal pressure beyond balloon occlusion. The flow and pressure quotient can be
used to derive dynamic microvascular resistance and have real-time diagnosis of microvascular dysfunction.
Initially validated in a porcine model, early results from the MOCA | trial are encouraging in terms of safety,

applicability, and the ability to detect MVO immediately after pPCI 27,

Gadolinium-enhanced cardiovascular magnetic resonance imaging (MRI) is certainly the “gold standard” for NR
diagnosis L. A 1% increase in the extent of MVO is associated with a 1.14-fold increased risk of 1-year mortality €.
Coronary microvasculature becomes occluded due to the presence of erythrocytes, neutrophils, and cellular debris
resulting in a lack of gadolinium enhancement in the endocardial nucleus 8. The cardiac magnetic resonance
(CMR) allows the visualization of myocardial damage through the use of different techniques including delayed
gadolinium contrast enhancement (DGE) and T2-weighted images [22. In addition, new parametric mapping
techniques allow for the accurate quantification of myocardial damage based on changes in T1, T2, T2* release
times and the assessment of extracellular volume 22, T2 sequences, in addition to being critical for discriminating
between acute and chronic myocardial infarction (generally, edema dissolves in approximately 4—6 weeks after
infarction), allow for the identification of areas of intramyocardial hemorrhage (IMH) BYE1 |MH is a strong predictor
of left ventricular remodeling independent of infarct area, and it is closely associated with adverse outcomes. On
T2-weighted images, areas of IMH appear of attenuated signal within high-signal edematous areas because of the
presence of hemoglobin degradation products. The identification of areas of MVO requires the use of the

contrastographic technique 221,
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Gadolinium has an extravascular and extracellular distribution, so its wash-out is delayed in areas of increased
extracellular/interstitial volume, such as areas of necrosis (in the acute phase) and fibrosis (in the chronic phase)
33l DGE is assessed in T1-weighted images 10-15 min after gadolinium administration and is used to visualize the
MVO, which appears as a dark, hypointense area surrounded by the hyperintensity of necrotic myocardium (22,
Alternatively, early contrastographic impregnation is a contrast-dependent technique in which T1-weighted
acquisitions are performed just after contrast medium administration (after 1-3 min). Low-signal areas represent
areas of MVO or thrombus. Finally, the first-pass perfusion (FPP) method is another contrast-dependent technique
that allows the detection of even small areas of MVO B4, FPP is a dynamic study and is based on the visualization
of the time distribution of the bolus of the paramagnetic contrast agent during the first pass at the level of the
myocardial microcirculation B8, A perfusion defect is thus manifested as a region of contrastographic failure to
impregnate myocardial tissue due to altered capillary microcirculation. However, the prognostic value of FPP is not

as strong as for DGE, presumably in view of the fact that it also detects small areas of MVO [B4],

ECG may also allow for a diagnosis of NR to be made. A resolution of ST-segment elevation <50% or <70%,

depending on the cut-off used, after 60 to 90 min after reperfusion is indicative of NR [22[38],

Other diagnostic techniques used to assess NR are contrast-enhanced echocardiography and nuclear imaging with
positron emission tomography and single-photon emission computed tomography BZ[E8I39  Contrast-enhanced
echocardiography is an examination that can be performed at the patient’'s bedside in which microbubbles of inert
gas are typically administered intravenously, and NR is identified by areas of hypoperfusion B249 However, the
lack of sensitivity and/or the complexity of implementation make these techniques less attractive for the evaluation

routine assessment of NR [LI41],
Table 1. Summarizes the main diagnostic methods available and their limitations.

Diagnostic Methods Study Design Results Limitations

MBG can be used to
Interobserver and

777 prospectively enrolled describe the effectiveness

Coronary ) , ) intraobserver variabilities
patients who underwent of myocardial reperfusion -
' associated wi
[/j_g]gmgraphy (MBG) pPCI during a 6-year and is an independent

Coronary Flow
Reserve (CFR) 43!

period.

89 prospectively enrolled
patients who underwent
pPCI during a 4-year period
and subsequent physiologic

study.

predictor of long-term

mortality.

ACFRvalue=2.0is

considered normal.

Complimentary assessment

of microcirculation by the

subjective angiographic

assessments.

Possible significant
variability of tracings
between different beats.
Does not distinguish

between epicardial and
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Diagnostic Methods

Microvascular
resistance index
(IMR) [44]

Electrocardiogram
(ECG) 28

Myocardial Contrast

Echocardiography
(MCE) 42

Study Design

288 prospectively enrolled
patients with STEMI during

a 11-year period.

180 prospectively enrolled
patients with a first acute
STEMIL.

110 prospectively enrolled

patients who underwent

pPCI in a multicenter study.

Results

IMR and CFR may be
useful to evaluate
myocardial viability and
predict the long-term
prognosis of STEMI
patients.

AnIMR >40is a
multivariable associate of
left ventricular and clinical
outcomes after STEMI,
regardless of infarct size.

IMR has superior clinical

value for risk stratification.

Residual ST-segment
elevation and the number of
Q waves on the ECG
shortly after pPCI have
complementary predictive
value on myocardial
function, infarct size and
extent, and MVO.

Among patients with TIMI 3
flow, MVO extension, as
detected and quantified by
MCE, is the most powerful
independent predictor of LV
remodeling after STEMI
compared with persistent
ST-segment elevation and
degree of MBG.

Limitations

microvascular
components of coronary
resistances. Requires
maximal hyperemia

using adenosine.

Manual injection of saline
may be a source of
variability. It requires
achievement of maximal
hyperemia and the use

of adenosine.

Discordance between
resolution of ST-segment
elevation and the
angiographic indices of
NR.

Operator-dependent and
limited by the possible

poor acoustic window.
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Diagnostic Methods Study Design Results Limitations

The presence and extent of
Usually performed 2 to 7

Pooled analysis using MVO measured by CMR : R
i i ays after . No
Cardiac Magnetic individual patient data from after primary PCl in STEMI -y p
Resonance (CMR) . . . . WIde'y available |Oca”y.
[6] seven randomized primary are strongly associated with )
ot performable in al
] . o Not perf bl Il
PCI trials mortality and hospitalization )
o patients.
for HF within 1 year.
-Elevation
Contrast
Increased regional FDG
Seven porcine model with . 9 LV, Left
) ) uptake in the area of acute .
left anterior descending ) o Emission
Positron Emission infarction is a frequent . o
coronary artery o Expensive and difficult to
Tomography (PET) ) ) occurrence and indicates )
37] occlusion/reperfusion ) ) ) _ obtain locally.
o tissue inflammation that is
underwent PET-CT within 3 . )
) ) commonly associated with
days of infarction.
MVO.
» has only

partially translated to humans with benefits on surrogate endpoints but no impact on endpoints such as
cardiovascular mortality. To date, the main treatment of NR is based on the use of intracoronary drugs that can
result in vasodilation in the coronary arteries. Several studies have shown possible efficacy for vasodilator drugs,
such as adenosine, calcium channel blockers, and sodium nitroprusside, used singularly or in combination, and
antiplatelet drugs such as glycoprotein 1IB/IlIA inhibitors. Alongside these, nonpharmacologic treatment strategies
such as coronary post-conditioning, remote ischemic conditioning, or tools to reduce the embolization of thrombotic
material and increase coronary flow have also been investigated in several trials, but there is still no therapy, single
or in combination, aimed at reducing ischemia/reperfusion injury that is clearly associated with improved clinical

outcomes (L1451,
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