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INTRODUCTION
 Prompt referral for mechanical reperfusion by urgent 

primary percutaneous coronary intervention (PPCI) 
represents the pivotal step in the current management of 
ST-segment elevation myocardial infarction (STEMI) (1).

 Yet, in a sizable proportion of patients PPCI achieves 
epicardial coronary artery reperfusion but not myocardial 
reperfusion, a condition known as no-reflow (2).

 In particular, the term “no-reflow” has been increasingly 
used in published medical reports to describe 
microvascular obstruction and reduced myocardial flow 
after opening an occluded artery.



What is no reflow??
 Defined angiographically, no-reflow manifests as an 

acute reduction in coronary flow (TIMI grade 0-1) in 
the absence of dissection, thrombus, spasm, or high-
grade residual stenosis at the original target lesion.

 Lesser degrees of flow impairment (TIMI grade 2) are 
generally referred to as “slow-flow.”



TYPES
 Sustained No reflow

Anatomical irreversible changes in microcirculation

 Reversible No Reflow
Functional reversible changes in microcirculation

 Reperfusion No Reflow
Following PPCI for STEMI

 Interventional No Reflow
Follows non infarct PCI



 Interestingly, whereas patients with sustained no-
reflow undergo unfavorable left ventricle (LV) 
remodeling, patients with reversible no-reflow 
maintain their LV volumes unchanged overtime.



Incidence



Importance

 Compared with those without no-reflow, patients with 
no-reflow experienced a much higher incidence of in-
hospital death (15%) and acute myocardial infarction 
(31%).



 A series of consistent data has clearly shown that noreflow has a 
strong negative impact on outcome, negating the potential 
benefit of PPCI (5–11). 

 Indeed, patients with no-reflow exhibit a higher prevalence of: 

 1) early postinfarction complications (arrhythmias, 
pericardial effusion, cardiac tamponade, early congestive 
heart failure); 

 2) left adverse ventricular remodeling; 

 3) late repeat hospital stays for heart failure; and 

 4) mortality 

 Therefore, detection, prevention, and treatment of no reflow are 
likely to have an important impact on the outcome of PPCI.
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In-Hospital Clinical Outcomes

Adjusted Odds Ratio for  Mortality= 2.21, 95% CI 1.97-2.47, p<0.001
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Incidence, Predictors and In-hospital Outcomes of No Reflow Phenomenon 
during  Percutaneous Coronary Intervention for      Acute Myocardial 
Infarction 





MECHANISM
 embolization of atheromatous material (gruel)

 Cholesterol clefts, lipid rich macrophages, fragments of 
fibrous cap, necrotic lesion core and fibrin->aggravated 
by microembolization of platelet-rich thrombi that 
release vasoactive agents (e.g., serotonin and 
thromboxane A2), leading to intense arteriolar 
vasopasm in the distal vasculature

 loss of capillary autoregulation and severe 
microvascular dysfunction



MECHANISM
 Microvascular constriction and vasospasm

 Distal embolization of thrombus or atherosclerotic debris 
or both

 Oxygen free-radical -mediated endothelial injury

 Capillary plugging by red blood cells and activated 
Neutrophils

 Neutrophil -mediated endothelial cell dysfunction or 
Vasoconstriction

 Intramural hematoma

 Loss of capillary integrity due to completed myocardial 
Infarction



N
o

 reflo
w

Coronary occlusion

Reperfusion

Atheroembolism

Endothelial damage

Tissue oedema

Platelet/fibrin

Oxygen/free radicals

Leukocytes

Tissue contracture







 Angina of insidious onset (which is continuous and of 
increasing intensity)

 electrocardiographic abnormalities of the ST segment 
or T wave, and arrhythmia. 

 Mild hypotension,cardiogenic shock and myocardial 
infarction



Predictors of no reflow
 Higher plaque burden,

 Thrombus

 Lipid pools by intra vascular ultra sonography (IVUS)

 Higher lesion elastic membrane cross sectional area

 Preinfarction angina

 TIMI flow grade 0 on the initial coronary angiogram.



ECG
 Rapid ST-segment decrease - highly specific (91%) for 

myocardial reperfusion (or the absence of no-reflow 
on MCE) -> less sensitive (77%)

 Early T-wave inversion - sign of successful tissue 
perfusion



BIOCHEMICAL MARKERS
 Serial measures of creatine kinase-MB or troponin I/T 

at baseline and at 60 min or 90 min after reperfusion 
therapy

 A high ratio of the 60 min value to the baseline value
and a higher slope of increase in these markers over
time are generally related to successful reopening of the
epicardial occlusion, but may also reflect the
completeness of microvascular tissue reperfusion



MYOCARDIAL CONTRAST 
ECHOCARDIOGRAPHY
 considered as the gold standard for the assessment of 

adequate myocardial perfusion

 Patients with no-reflow on myocardial contrast 
echocardiography presented significantly more frequently 
with congestive heart failure and pericardial effusion
 Ito et al

 negative predictive value of functional recovery at 10 days 
(or in other words to exclude acute no-reflow) is higher 
than 90%

 Santoro GM, Valenti R, Buonamici P et al. Am J Cardiol 1998; 
82: 932–7



cMRI
 hypoenhancement zones on first-pass perfusion MRI -

represents no-reflow

 allows for assessment of the transmural extent of the 
no-reflow phenomenon as well as necrosis in the 
infarct region

 Hyperenhancement on delayed enhancement MRI (20 
min after contrast administration in patients with acute 
myocardial infarction) possibly indicates myocardial 
necrosis



CORONARY ANGIOGRAPHY
 TIMI 2 flow is associated with a no-reflow zone of 

substantial size

 only TIMI 3 flow indicates reperfusion success

 Subselective contrast injection through a double-
lumen catheter



SUBSELECTIVE CAG



Predictors – Angiographic (YIP)
1. Angiographic thrombus with greatest linear 

dimension > 3 times reference lumen diameter

2. Cutoff pattern (lesion morphology with an abrupt 
cutoff without taper before the occlusion)

3. Presence of accumulated thrombus proximal to 
occlusion

4. Floating thrombus proximal to occlusion

5. Persistent contrast medium distal to obstruction

6. Reference lumen diameter of IRA >4mm



Predictors -others
 Longer time to reperfusion (CADILLAC )

 increased thickness of the myocardium due to tissue 
edema, which eventually leads to no-reflow 

 When LAD is IRA

 Larger extent of ischemic region

 Acute hyperglycemia

 Not on statin



Susceptibility to No-Reflow
 Genetic – adenosine 2A receptor polymorphism

 Acquired –

 Acute hyperglycemia

 Hypercholesterolemia

 DM 

 no pre-infarction angina 

 Advanced age 





No Reflow in elective PCI
 Distal embolization is most likely mechanism

 Vasospasm also plays role

 More commonly seen in 

SVG lesions

Thrombus containing lesions

After Rotablation 



Myocardial blush
 grade 0-no apparent tissue-level perfusion

 grade 1-myocardial blush is present but with no 
clearance from the microvasculature

 grade 2-myocardial blush clears slowly

 grade 3-myocardial blush clears within three cardiac 
cycles of washout



Intracoronary pressure 
measurements
 double-lumen, side-hole catheter to measure any 

pressure gradient across the target artery

 The absence of a significant pressure gradient 
indicates the absence of mechanical obstruction, thus 
establishing a key element of angiographic no-reflow

 High-fidelity, lowprofile (0.014 inch) pressure guide 
wires->better



Intracoronary Doppler
 systolic flow reversal, reduced antegrade systolic flow and forward 

diastolic flow with a rapid deceleration slope-charecteristic pattern in 
no reflow

 intramyocardial blood pool in patients with no-reflow is markedly 
reduced because of severe microvascular obstruction

 rapid diastolic flow deceleration -myocardial blood pool is rapidly 
filled during diastole

 retrograde systolic flow- pooled blood is then partially expelled back 
into the epicardial coronary artery capacitor during systole

 If TIMI 2 flow remains after PCI, the ‘to-and-fro’ flow velocity pattern 
implies the presence of the no-reflow phenomenon, and additional 
stenting would not reverse impaired coronary flow

 slow forward flow and an increase in diastolic-to-systolic flow ratio, 
implicating increased coronary arterial resistance-seen in patients with 
microemboli



INTRACORONARY DOPPLER



Virtual histology intravascular 
ultrasound
 The culprit lesions with large plaque burden, or with 

marble-like images by virtual histology intravascular 
ultrasound, are associated with the angiographic no-
reflow phenomenon in patients with acute myocardial 
infarction



 Myocardial scintigraphy, nuclear magnetic imaging 
and PET

 Costs, technical difficulty and invasive characters

 Not routinely used





DD
 dissection or acute thrombus formation in the 

proximal or distal segment 

 catheter damping



 A transport or infusion catheter inserted through the 
wire and advanced to the distal segment of the no 
reflow area. 

 Remove wire

 Pressure gradient between the tip of the microcatheter
and guide 

 contrast injection through the end hole 

 Then injection of 3-5 cc of contrast agent with slow 
withdrawal of the catheter into the guide



 If there is a pressure gradient, the cause could be due to proximal 
vessel obstruction or extensive intragraft pathology .The 
injection of contrast in the distal vasculature will show a patent 
distal artery . The treatment is correction of the proximal 
obstructive lesion.

 If there is no pressure gradient and no single large embolus to 
explain the reduction of the flow, and the contrast wash out 
remains poor in distal bed , then the patient has no reflow 

 If there is no gradient, however, the pullback angiography could 
show a distal severe lesion that was not seen by conventional 
antegrade angiography through the guide because the contrast 
could not reach the distal segment .Correction of the lesion 
should resolve the apparent no reflow phenomenon and the 
symptoms of the patient





Intracoronary verapamil
 relieves small-vessel spasm

 improve Ca2+ hemostasis in ischemic myocardial cells

 50–200 μg up to 1000 μg bolus, repeat higher boluses 
as needed through perfusion catheter distally

 improve flow in more than 80%

 No reduction in death rate or MI



Adenosine
 relieves small-vessel spasm

 reduce neutrophil activation and endothelial injury

 10–20 μg and repeat higher boluses as needed through 
perfusion catheter distally

 improves microvascular function and reduces infarct 
size

 No reduction in the composite primary end point of 
death, new congestive heart failure or the first 
rehospitalization for congestive heart 
failure(AMISTAD II)



Nitroprusside
 50–200 μg up to 1000 μg bolus

 improves flow in 75% of no-reflow patients

 No reduction in mortality



Nicorandil
 reduces preload and afterload, dilates coronary 

resistance vessels, reduces Ca2+ overload of myocytes
and attenuates neutrophil activation

 Intravenous nicorandil 2 μg bolus ->improvement in 
microvascular perfusion, reduction of infarct size and 
improvement in clinical outcomes



 combination of adenosine and nitroprusside with 
nicorandil and verapamil has been more effective than 
single-drug treatment of  PCI related no-reflow



 Diltiazem

 Nicardipine

 Epinephrine

 Betablockers

 ACEI,ARB-found useful in animal studies



 Na+/H+ pump inhibitors(cariporide or eniporide)

 monoclonal antibodies to leukocytes

 complement-receptor inhibitors

 adhesion molecule antibodies

 endothelin-A selective antagonists 

 Erythropoietin

 Human bone marrow-derived angioblasts



GPIIb/IIIa receptor
antagonists
 Prevents no-reflow in native coronary PCIs with high-

risk features but not in the setting of vein graft 
interventions



MECHANICAL THERAPIES
 IABP - for drug resistant no-reflow and haemodynamic instability
 Distal embolic protection devices-

 PercuSurge GuardWire, FilterWire EX
 EMERALD Trial -thrombotic and plaque debris were found in 

aspirates of 76% of patients:but benefit with regard to 
angiographically assessed myocardial reperfusion, ST-segment 
elevation resolution or infarct size measured by isotope scan at 
30 days not seen

 PROMISE trial – no clinical benefit
 FLAME trial awaited
 distal embolic protection does not necessarily result in improved 

microvascular flow or reperfusion success, reduced infarct size, 
or increased event-free survival

 More beneficial in vein graft interventions
 Identification of ruptured plaques by intravascular angioscopy

might be useful to identify patients who could respond to distal 
protection





FILTERWIRE EX

1. Radiopaque Spring
2. 110 Micron Pore Filter
3. Radiopaque Nitinol Loop
4. Spinner Tube
5. Proximal Stop
6. PTFE Coated Wire (.014")



 Proximal protection devices

 Proxis Embolic Protection System

 interrupts anterograde blood flow before crossing with 
guide wire - >may reduce the risk of distal embolization

 prevent distal embolization of all side branches 
originating beyond the target lesion

 unfeasible in a small target vessel (less than 2.5 mm), 
and in the ostial and proximal localization of the target 
lesion





 Direct stenting – inconsistent results from various 
small studies

 Percutaneous intracoronary thrombectomy

 AngioJet rheolytic thrombectomy system, TEC 
(transluminal extraction atherectomy) device

 Role not clear



CLINICAL RELEVANCE
 No reflow is a strong predictor of mortality after 

PCI ->8%

 5-10 fold increased risk of myocardial infarction and a 
fourfold increased risk of death

 increased risk of left ventricular systolic dysfunction, 
left ventricular remodelling, malignant ventricular 
arrhythmias, heart failure and cardiac rupture







SUMMARY
 No reflow during primary PCI is predictable and not 

infrequent

 No reflow should be diagnosed promptly and 
anticipated by pharmacological means and 
contemporary PCI technology

 The mechanism is multifactorial therefore 
prevention and management should target different 
levels

 No Reflow is associated with higher in hospital 
mortality and complications and poor prognosis

 Once established intracoronary subselective 
pharmacotherapy is advised



Thank you 


