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ABSTRACT

Introduction: The no-reflow phenomenon has been described in 20–40% of patients with 
acute ST-segment elevation myocardial infarction, despite restoration of TIMI 3 myocardial 
flow. It is associated with adverse left ventricular remodeling and an unfavorable long-term 
prognosis. Case presentation: A 45-year-old gentleman was admitted one hour after the on-
set of an acute anterior ST-segment elevation myocardial infarction. Emergency coronary 
angiography was performed, and a severe stenosis of the left anterior descending artery was 
identified. The lesion was crossed with a pressure-wire, and a drug-eluting stent was directly 
implanted, with restoration of TIMI 3 epicardial flow. Predilatation was not performed. Coro-
nary wedge pressure was measured during stent deployment. The mean pressure value was  
27 mmHg. However, a tall systolic wave was identified in the morphology of the pressure 
curve. Myocardial blush grade and ST-segment resolution were concordant with early micro-
vascular obstruction. Similarly, at transthoracic Doppler echocardiography, the flow in the 
left anterior descending artery revealed the same pattern. An apical left ventricular aneurysm 
was echocardiographically detected. The MRI described extensive interstitial edema that af-
fected the anterior, septal, and apical regions of the left ventricle. Areas of intramyocardial 
hemorrhage and microvascular obstruction were also detected. According to recent literature 
data, the morphology of the coronary wedge pressure wave suggested at least the presence of 
pre-procedural distal embolization. Conclusions: In the setting of acute myocardial infarc-
tion, the integrity of coronary microvasculature is an important issue. The distal coronary 
pressure wave pattern before primary percutaneous revascularization can be a deciding factor 
for an early therapeutic approach.
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INTRODuCTION

The no-reflow phenomenon is associated with microvascu-
lar dysfunction. It has been described in 20–40% of patients 
with acute ST-segment elevation myocardial infarction 
(STEMI), despite restoration of TIMI 3 myocardial flow.1

It is associated with a fivefold increase in the risk of 
myocardial infarction and a fourfold increase in the risk 
of death.2 No-reflow has also been associated with an in-
creased risk of left ventricular systolic dysfunction, re-
duced left ventricular ejection fraction, left ventricular 
remodeling, malignant ventricular arrhythmias, heart 
failure, and cardiac rupture.3,4

None of the prophylactic and therapeutic approaches 
currently available are effective to prevent this phenom-
enon.5–8

CASE PRESENTATION

A 45-year-old gentleman, with a 30 pack-year smoking 
history and recurrent episodes of exertional angina dur-
ing the last six months, was admitted to the Emergency 
Department one hour after the onset of an acute anterior 
STEMI. At the time of admission, the patient was in Kil-
lip class II. The ECG recording showed ST-segment eleva-
tion in the precordial leads (Figure 1). Double antiplatelet 
therapy with 250 mg aspirin and 180 mg ticagrelor was 
administered, together with 80 mg atorvastatin. 

Emergency coronary angiography was performed 
through 6F right radial access, and a proximal non-col-
lateralized left anterior descending (LAD) artery sub-oc-
clusion was identified. TIMI 2 flow was recorded in the 
distal LAD. The patient was anticoagulated with 100 UI/kg 
of unfractionated heparin. 

A 6F extra back-up guiding catheter (Launcher, 
Medtronic, Minneapolis, MN) was selected, and the lesion 
was crossed with a 0.014” pressure guidewire (Verrata 
Pressure Guide Wire, Volcano Corporation, San Diego, CA). 
A 3.0/23mm everolimus-eluting stent (Promus Element 
Plus, Boston Scientific, Marlborough, MA) was implanted 
in the proximal LAD, and TIMI 3 flow was obtained. How-
ever, myocardial blush grade (MBG) was zero (Figure 2). 
During stent deployment, the distal coronary pressure was 
measured through the tip of the pressure-wire. The re-
corded mean value was 27 mmHg. A tall systolic wave was 
identified in the pattern of the pressure curve (Figure 3).

The ECG recording that was performed after the pro-
cedure showed the persistence of ST-segment elevation.

The first high-sensitivity troponin T value was in the 
normal range. However, 12 hours after the procedure, it 
reached a peak value of 3.78 ng/ml, which suggested a 
large area of necrosis. Left ventricular ejection fraction was 
35%, as evaluated by transthoracic echocardiography. An 
apical left ventricular aneurysm was identified. LAD flow 
was analyzed by Doppler echocardiography. A diastolic de-
celeration time (DDT) of 161 msec, a peak diastolic velocity 
(PDV) of 45 cm/sec, and the presence of the systolic ret-
rograde flow (SRF) were all consistent with the no-reflow 
phenomenon (Figure 4). Cardiac magnetic resonance im-
aging (MRI) was performed five days after the index event. 
It described extensive interstitial edema that affected the 
anterior, septal, and apical regions of the left ventricle. Ar-
eas of intramyocardial hemorrhage and microvascular ob-
struction (MVO) were also detected (Figure 5). 

Beta-blocker treatment was initiated and up-titrated 
to 2.5 mg bisoprolol b.i.d. Angiotensin converting enzyme 
inhibitor could not be associated due to low blood pressure 
values. The maximum dose of atorvastatin was adminis-

FIGuRE 1. ECG recording at the time of admission: ST-segment elevation in the precordial leads
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tered, and the patient was discharged on the seventh day 
of evolution. 

The patient and the institution agreed with publication 
of this case.

DISCuSSIONS

The patient was an early presenter, with recently in-
stalled exertional angina. The ECG recording revealed 
the supra-acute phase of an acute myocardial infarction, 
in accordance with the above mentioned data. However, 
the angiographic result, as described by the MBG, was 

suboptimal, in spite of the TIMI 3 flow, suggesting the 
presence of MVO.9 Moreover, the absence of ST-segment 
resolution on the post-procedural ECG recording was 
also consistent with no-reflow phenomenon. Both ST-
segment resolution and MBG have prognostic utility af-
ter primary percutaneous coronary intervention (PCI).10 
Both parameters predict mortality, left ventricular dys-
function, and clinical heart failure.11 The patient devel-
oped an apical left ventricular aneurysm, and his ejection 
fraction was depreciated. 

Coronary blood flow interrogation by Doppler echocar-
diography emerged as a useful diagnostic tool for the no-
reflow phenomenon following acute STEMI.12 The increase 
in microvascular impedance secondary to microcircula-
tory obstruction is associated with a specific Doppler pat-
tern. Among these parameters, DDT below 600 msec and 
the decrease of peak systolic velocity, up to the reversal of 
the systolic flow are the most powerful markers of micro-
circulatory dysfunction.13,14 In the case of this particular 
patient, DDT in the distal LAD was decreased to 161 msec, 
while PDV reached an increased value of 45 cm/sec. To-
gether with the presence of SFR, these findings confirmed 
the presence of no-reflow phenomenon.12 Cardiac MRI 
confirmed the presence of MVO and especially its severity, 
as defined by the presence of interstitial edema and intra-
myocardial hemorrhage. Unfortunately, cardiac MRI, the 
gold standard for the evaluation of MVO, cannot be used 
prior to revascularization. As a result, it cannot influence 
the strategy for the early treatment of MVO. In this regard, 
coronary wedge pressure (CWP) appears to be a good sur-
rogate parameter for the early detection of MVO. 

FIGuRE 2. Right anterior oblique cranial angiographic views – Panel A: severe stenosis of the proximal left 
anterior descending artery; Panel B – final angiographic result (TIMI 3 flow, myocardial blush grade zero)

FIGuRE 3. Coronary wedge pressure tracing: the mean pressure 
distal to the lesion is measured through the pressure-wire; a tall 
systolic wave, suggestive of distal embolism, can be observed 
(yellow trace)
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Short time to reperfusion has been shown to be a pow-
erful predictor of a good outcome in STEMI patients. 
However, total ischemic time is far from being the sole 
determinant of left ventricular remodeling or of an ad-
verse prognosis.15

The platelet fresh component of the thrombus is un-
stable and prone to embolization into the distal micro-
circulation, causing MVO and interstitial inflammatory 
damage.16 The embolism that occurs several days be-

fore the onset of symptoms was recently suggested by 
Kramer.15 Moreover, post-mortem studies on patients 
who died of non-revascularized acute coronary syn-
dromes revealed that micro-emboli and inflammatory 
surroundings were more common in this subset of cases, 
clear proof of severe pre-procedural intramyocardial 
damage.16 

Recently, Patel et al. have demonstrated that pressure 
at zero flow (Pzf) is the most sensitive invasive coronary 

FIGuRE 5. Cardiac magnetic resonance imaging – Panel A (short-axis view): edema of the interventricular 
septum; Panel B (transverse view): areas of intra-myocardial hemorrhage in the apical segment of the 
interventricular septum; Panel C (sagittal view): necrosis of the anterior wall of the left ventricle; Panel D 
(short-axis view): area of myocardial hypoenhancement in the interventricular septum, consistent with 
microvascular obstruction.

FIGuRE 4. Left anterior descending artery flow assessed by Doppler echocardiography: the short diastolic deceleration time (161 msec) 
and the presence of systolic flow reversal (SFR) indicate the presence of no-reflow
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physiology index currently available for the assessment of 
microcirculation at the time of primary PCI.17 In the set-
ting of non-collateralized occlusions, CWP is similar to 
Pzf. Although both of them are pressure measurements at 
ceased coronary flow, Pzf is a theoretically derived hemo-
dynamic parameter. On the other hand, CWP is the distal 
pressure in the occluded vessel after the occlusion is wired 
and reflects all the events which precede the revascular-
ization procedure.

In the infarcted wall, MVO could impede coronary blood 
ejection into the venous circulation and could therefore 
cancel the benefit conferred in certain cases by coronary 
collateralization. This increases CWP by means of a large 
and tall systolic wave that defines the hemodynamic spec-
trum of MVO.18 On the other hand, CWP is also influenced 
by interstitial pressure as interstitial edema compresses 
capillaries and increases the intravascular pressure.19 The 
edema and inflammation surrounding the infarct zone are 
important determinants of left ventricular remodeling.20  
A new coronary wave flow configuration occurs, with con-
tinuous elevation of the pressure line. 

In the case of our patient, the high systolic wave in 
the CWP tracing suggested pre-procedural distal embo-
lization and MVO. The therapeutic strategy, although in 
accordance with the current practice guideline, was only 
partly effective. Although the epicardial flow was restored, 
much of the microvasculature of the affected region re-
mained obstructed. Cardiac MRI, the gold standard in the 
assessment of MVO, interstitial edema, left ventricular 
volumes, ejection fraction and infarct size, confirmed the 
presence of extensive interstitial edema, intramyocardial 
hemorrhage, and microvascular obstruction. 

So, what could be done in order to improve the sub-
optimal long-term results in these patients? Intracoro-
nary administration of glycoprotein IIb//IIIa inhibitors or 
thrombolytics could represent viable solutions in selected 
cases.21,22 In a previous study, we demonstrated a trend 
towards less MVO in patients who received distal intracor-
onary epitifibatide during primary PCI.23 This downstream 
delivery allowed for a high drug concentration to be es-
tablished and avoided the use of the ineffective guiding-
catheter administration. 

But which is the most appropriate therapy? The two 
distal pressure wave patterns previously described could 
offer important information regarding the determinism of 
no-reflow in the setting of acute STEMI. A first scenario 
regards the pattern with a tall systolic wave that suggests 
embolism and MVO. It identifies the group of patients 
most likely to benefit from intracoronary glycoprotein IIb/
IIIa inhibitors or thrombolysis. In a second scenario, the 

continuous elevation of the pressure line is determined by 
the edema and the inflammation surrounding the affected 
area. These patients would probably benefit more from 
anti-inflammatory therapy.20

The current prophylactic and therapeutic measures for 
no-reflow and the consequent left ventricular remodeling 
in the setting of acute STEMI are either controversial or 
inadequate. Besides antiplatelet therapies and thrombo-
lytics, several studies tested the benefit of thrombus aspi-
ration or of distal protection devices.6,7 However, none of 
these have proved any benefit on MVO and left ventricular 
remodeling. Further investigation is needed in order to 
establish the effectiveness of each treatment and to de-
termine the appropriate patient selection criteria. 

CONCLuSIONS

In conclusion, there is more than meets the eye to coro-
nary revascularization in the setting of an acute STEMI. 
Microvascular obstruction and interstitial edema are in-
creasingly recognized as main players in the determin-
ism of left ventricular remodeling. Moreover, MVO is not 
a temporally precisely located process. It starts before 
symptoms onset and continues during and after revascu-
larization. The development of new treatment strategies 
will be a quest of the years to come. In this regard, the two 
different CWP patterns will differentiate the mechanism 
of MVO and will help select the most appropriate therapy. 
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