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Summary

Coronary microcirculation plays a crucial role for the out-
comes of patients with STEMI. Although PPCI improves
outcomes compared to thrombolysis, a substantial amount
of STEMI patients do not achieve optimal myocardial
reperfusion. Angiographic methods for assessment of
reperfusion like TIMI Flow and MBG are easy to use but
new, catheter laboratory based techniques to assess reper-
fusion have a lot of potential to assess and potentially guide
management of patients with STEMI.
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Introduction

ST-elevation myocardial infarction (STEMI) results from
occlusion of a major epicardial artery leading to myocardi-
al ischemia and cell death [1].
It is clear that the amount of irreversible cell death directly
determines prognosis and it is now established that primary
percutaneous coronary intervention (PPCI), delivered in a
timely manner, should be the treatment of choice [2, 3].
Optimal reperfusion of the coronary microcirculation (CM)
is not achieved in a substantial amount of STEMI patients
and this negatively affects their prognosis [4].
Although some aspects discussed in this manuscript might
be similar in Non-ST Elevation acute coronary syndrome
(ACS), the aim of this review article is to highlight the role
of the CM in acute STEMI and discuss its assessment and
treatment in patients undergoing PPCI.

Assessing infarct size in STEMI using
biomarkers

The most common way to assess myocardial damage in
clinical practice is related to serial measurement of bio-
markers of myocardial necrosis. The activity of different
enzymes such as Lactate Dehydrogenase (LDH) and Creat-
ine Kinase (CK) have been used historically to assess the

extent of myocardial damage [5] but currently Creatine
Kinase Myocardial-Band (CK-MB) and Troponins (I and
T) are the most frequently used markers for diagnosis and
quantification of myocardial infarction. The use of high-
sensitive troponin assays has clearly improved the diagnos-
is of ACS [6]. The quantification of myocardial infarction
is important and single-point Troponin measurements at
24, 48 and 72 hours have been suggested by different stud-
ies [7, 8]. New markers are currently being evaluated for
the diagnosis and prognosis of myocardial infarction [9],
but more studies are needed before they can be introduced
into clinical practice. Of note, the status of the coronary mi-
crocirculation in STEMI is closely linked to infarct size and
prognosis of these patients [10].

Non-invasive assessment of the
coronary microcirculation

The primary objective of reperfusion therapies is not only
restoration of blood flow in the epicardial coronary artery,
but also complete and sustained reperfusion of the infarcted
myocardium [11]. Prolonged occlusion of a coronary artery

Figure 1

Troponin I curves of two patients with anterior ST-elevation
myocardial infarction
Both patients had occlusion of the proximal left anterior descending
artery and similar symptom-to-balloon times. The ECGs of patient A
are presented in figure 2A and the ECGs of patient B are presented
in figure 2B.
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leads to loss of anatomic integrity of the microcirculation
[12]. After infarct-related artery recanalisation, areas with
severe microvascular damage sustain no reflow, whereas
normal reperfusion is achieved in areas with anatomically
preserved microcirculation. A number of additional factors
are thought to contribute to the no reflow phenomenon:
e.g., leucocyte accumulation within capillaries [12, 13],
oxygen radicals [14], vasoconstriction mediated by throm-
botic material [15].

Electrocardiography (ECG)
Early resolution of the ST-segment elevation on the ECG
after revascularisation is a powerful positive prognostic
sign [16]. Cardiac enzymes release (Troponin I) and ECGs
of two patients who underwent PPCI at our institution are
shown in figure 1 and 2. Both patients had occlusion of
the proximal left anterior descending artery and similar
symptom-to-PPCI times. ST-segment elevation resolved al-
most completely after PPCI in patient A, while ST-segment
elevation persisted in patient B. Lack of myocardial reper-
fusion, indicated by the lack of ST-segment normalisation
in patient B, was associated with more myocardial injury
compared to patient A (fig. 1). The left ventricular ejection
fraction at 6 months was 55% for patient A and 40% for
patient B. This example illustrates the importance of ST-
segment resolution, which relates to outcome and prognos-
is [17].
It is important to realise that a small proportion of STEMI
patients will present without ST-elevation [18] or will have
left-bundle-branch block. Interpretation of ST-resolution is
difficult or impossible in these patients and other measures
of successful reperfusion have to be used.

Figure 2 A

Myocardial contrast echocardiography (MCE)
MCE uses appearance of micro-bubbles, which remain ex-
clusively within the intravascular space. Hence, their pres-
ence within a myocardial territory denotes the status of
microvascular perfusion within that region [19]. MCE is
readily available and studies have demonstrated that extent
of microvascular damage detected and quantified by MCE
is a powerful independent predictor of LV remodelling
after STEMI compared to MBG [20].
Alternative techniques to assess myocardial reperfusion us-
ing echocardiography include measurement of wall thick-
ness, which corresponds to myocardial oedema [21, 22].
Absence of radiation exposure and wide availability make
echocardiography an ideal bedside technique but as with
other echocardiographic techniques it is dependent on echo
quality and inter-observer variability.

Cardiac magnetic resonance imaging (CMR)
CMR reliably assesses left- and right ventricular function
and is a sensitive method to assess myocardial oedema and
microvascular obstruction (MVO) in the setting of acute
STEMI [23].
CMR is superior to electrocardiography and MBG regard-
ing assessment of myocardial perfusion [24, 25] and re-
cently published animal studies have established the histo-
logical correlate of MVO [26]. The prognostic importance
of MVO on CMR has been demonstrated in various stud-
ies and holds true even after correction for infarct size [27,
28].
The disadvantage of CMR is that it is not readily available
in many centres performing PPCI. Additionally, presence
of metal implants, pacemakers, defibrillators, claustropho-
bia and severe renal failure, which precludes use of
gadolinium-based contrasts, limit the usage of CMR.

Assessment of the coronary
microcirculation in the catheterisation
laboratory

Angiographic assessment of CM
The most commonly used method to angiographically
quantify coronary flow is the Thrombolysis In Myocardial
Infarction (TIMI) flow grade (table 1 A) [29, 30]. The dis-
advantage of this method is that it mainly describes epicar-
dial instead of myocardial blood flow. In 1998 the group of
Ziljstra established myocardial blush grade (MBG, table 1)
as a simple method to assess myocardial reperfusion and
demonstrated that this was an independent predictor of
mortality in acute STEMI [11]. TIMI Flow and MBG are
both simple methods readily available after a coronary an-
giogram has been performed but they are both semi-quant-
itative. In 1996 the corrected TIMI frame count (CFTC)
was introduced as a simple, quantitative method to com-
pare coronary flow [31]. Although this method is reprodu-
cible, CFTC does not discriminate between epicardial and
myocardial flow.
The direct quantitative assessment of the status of coronary
microcirculation at the end of PPCI represents an attractive
way to assess the extent of coronary microvascular dys-
function. Doppler flow wires or combined pressure and
temperature-tipped guidewires allow assessment of the CM
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in the catheterisation laboratory. In the absence of epicardi-
al stenosis, coronary flow reserve (CFR) reflects the abil-
ity of the microvasculature to respond to a vaso-dilatatory
stimulus.

Doppler wire
Using the FloWire (Volcano Corporation) CFR is determ-
ined by the ratio of blood flow velocity at maximal hyper-
aemia, usually achieved with an intracoronary or intraven-
ous infusion of adenosine, to basal value, expressed as the
ratio of blood flow during hyperaemia to blood flow at rest.
A CFR of less than 2.0 is usually considered abnormal and
healthy individuals can have a CFR of 5-6. Previous stud-

Figure 2 B

Pre- and post-procedural ECGs of two patients with anterior ST-
Elevation myocardial infarction (Troponin curves presented in
fig. 1).
Patient A had good and patient B had poor ST-segment resolution
(arrows) post-procedure.

ies have demonstrated good correlations of invasively as-
sessed CFR using the FloWire and MCE [32] in patients
with STEMI.

Pressure wire (Certus, SJM)
Using thermodilution, the pressure- and temperature tipped
wire has been validated against the Doppler flow wire, and
now used as a novel method to assess the status of coronary
microcirculation [33, 34]. Proper guide catheter engage-
ment is necessary in order to get reliable thermodilution
curves. In our institution pressure wires are mainly used
with 6F catheters and we have found it difficult to generate
reproducible curves with 5F catheters.
The index of microcirculatory resistance (IMR), defined
as the distal coronary pressure divided by the inverse of
the hyperaemic mean transit time at maximal hyperaemia,
provides a quantitative measurement of coronary microvas-
culature function that is independent of epicardial stenosis
or hemodynamic condition [35].
Thermodilution curves of two STEMI patients with good
and rather poor microcirculation are presented in figure 3.
Recently published studies have demonstrated that IMR as-
sessed immediately after PPCI shows very good correla-
tion with recovery of left ventricular function after STEMI
[36, 37].

Incidence and prognostic importance
of no reflow

The incidence of no-reflow strictly depends on its defini-
tion as well as on the way and on the time of its assess-
ment. Generally, according to different techniques, its re-
ported incidence ranges about 40% of STEMI patients [38].
However, on the basis of the analysis of the CADILLAC
(Controlled Abciximab and Device Investigation to Lower
Late Angioplasty Complications) population, the combin-
ation of angiographic (TIMI flow less than 3 of TIMI 3
flow but MBG <2) and ECG-based (ST-segment resolution
>70%) criteria resulted in a 65% rate of no reflow among
patients presenting without cardiogenic shock [39].
Irrespectively of how it is defined, consistent data have
clearly shown that no-reflow has a strong negative impact
on outcome, negating or quenching the potential benefit of
PPCI [20]. Indeed, the occurrence of no-reflow translates
into a higher prevalence of early post-infarction complic-

Table 1: Thrombolysis In myocardial infarction (TIMI) flow grading.

TIMI flow grade Description
TIMI 0 Absence of any antegrade flow beyond a coronary occlusion

TIMI I Faint antegrade flow beyond the occlusion, with incomplete filling of the distal coronary bed

TIMI II Delayed or sluggish antegrade flow with complete filling of the distal territory

TIMI III Normal flow which fills the distal coronary bed completely

Table 2: Myocardial blush grading (MBG).

MBG Description
MBG 0 Failure of dye to enter the microvasculature: minimal or no ground glass appearance (“blush”) or opacification of the myocardium.

MBG 1 Dye slowly enters but fails to exit the microvasculature: ground glass appearance that fails to clear from the microvasculature, and dye
staining is present on >30 seconds later.

MBG 2 Delayed entry and exit of dye from the microvasculature: dye is strongly persistent after 3 cardiac cycles of the washout phase and either
does not or only minimally diminishes in intensity during washout.

MBG 3 Normal entry and exit of dye from the microvasculature. Blush of the myocardium that is either gone or only mildly persistent at the end of the
washout phase.
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ations (arrhythmias, pericardial effusion, cardiac tampon-
ade, early congestive heart failure) as well as long-term left
adverse ventricular remodelling, late hospital readmission
for heart failure and mortality.

Does implantation of coronary stents
improve or aggravate noreflow?

Distal embolisation of plaque material is common in PCI
of stable patients and is associated with the occurrence of
periprocedural myocardial infarction [40–42] and impair-
ment of myocardial perfusion [43]. Coronary stents are
routinely used nowadays in PPCI and have advantages with
regard to acute vessel closure and rates of in-stent restenos-
is compared to balloon angioplasty [44].
However, it is not clear whether stenting with or without
use of glycoprotein IIb/IIIa improves myocardial perfusion
in patients undergoing PPCI [45]. Downstream embolisa-
tion of plaque and thrombotic material can occur spon-
taneously in STEMI and concerns have been raised that
stenting might worsen coronary flow [44] possibly by ag-
gravating distal embolisation.

Thrombus aspiration
Removal of thrombotic material using manual aspiration
catheters can usually be safely undertaken once the guide
wire has been crossed into the distal infarct artery and sev-
eral studies and meta-analysis demonstrated a benefit in
terms of better myocardial perfusion and reduced mortality
[46, 47].

Use of GP IIb/IIIa antagonists and
bivalirudin

GP IIb/IIIa antagonists (GPA)
These were introduced into clinical practice more than 15
years ago. Initially they were used for the majority of per-
cutaneous interventions but their use has declined recently.

Figure 3

Thermodilution curves of two patients with STEMI.
Coronary microcirculation is preserved in patient A, while it is
moderately impaired in patient B. Coronary Flow Reserve (CFR) is
calculated as a ratio of mean baseline transit time (blue) and mean
hyperaemic transit time (yellow). The index of microcirculatory
resistance (IMR) is calculated as hyperaemic transit time x mean
distal coronary pressure during hyperaemia.

Three GPA are currently used in clinical practice: abcixim-
ab, tirofiban and eptifibatide.
Abciximab has a IIa A, tirofiban a IIb B and eptifibatide
a IIb C indication for use in patients undergoing PPCI [1].
In a recently published study pre-catheterisation laborat-
ory administration of abciximab resulted in higher rates
of infarct-artery patency at baseline coronary angiography
compared with no pre-treatment but post-procedural an-
giographic and microcirculatory variables were unaffected
by facilitation therapy [48]. The BRAVE-3 trial, which
randomised PPCI patients pre-treated with clopidogrel to
abciximab or placebo did not demonstrate a reduction of
infarct size with use of GPA [49]. Despite these rather neg-
ative results, several meta-analysis indicate a benefit from
the usage of GPA especially in high-risk patients [50–52].
With the introduction of newer more powerful antiplatelet
agents (e.g., prasugrel and ticagrelor) the role of GPA in
treating patients with STEMI is likely to change in the fu-
ture.

Bivalirudin
Anticoagulation with bivalirudin alone, as compared with
heparin plus glycoprotein IIb/IIIa inhibitors, significantly
reduced 30-day rates of major bleeding and net adverse
clinical events in the HORIZONS-AMI trial [53]. Import-
antly, the benefit was sustained over a longer period [54].
Whether bivalirudin offers the same advantage for the
coronary microcirculation compared to GPA remains to be
proven.

Vasodilators

The endothelium plays an important role in outcomes of
patients with stable coronary artery disease [55]. The ra-
tionale for the use of vasodilators in STEMI relies on the
pharmacological improvement of the patency of microcir-
culation once no-reflow has occurred.
1. Adenosine exerts a potent vasodilator effect at microvas-
cular level, where it also increases platelet nitric oxide syn-
thase activity [56]. In addition, adenosine is a known me-
diator of cardio-protection, since it replenishes high-energy
phosphate stores in both myocytes and endothelial cells
and inhibits oxygen free radical formation and neutrophil-
related myocardial damage [57–59]. If tolerated, high in-
tracoronary doses up to 4 mg have been shown to be safely
administered even intracoronary, although conflicting data
regarding its effective prognostic benefit are currently
available [60, 61].
2. Sodium nitroprusside is a potent endothelium independ-
ent vasodilator known to relax both arterial and venous
smooth muscle without effects on myocardial contractility.
Maximal coronary hyperaemia, equivalent in magnitude
but longer in length compared to intracoronary adenosine,
can be safely achieved with intracoronary nitroprusside in
doses of 0.3–0.9 µg/kg [62]. However, its clinical efficacy
in management of no-reflow has not been properly tested
yet.
3. Similarly to sodium nitroprusside, verapamil has a direct
action on arteriolar smooth muscle. Intracoronary
verapamil (50–900 µg total dose) has been shown to im-
prove TIMI flow grade in the majority of intraprocedural
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no-reflow [63] and to increase myocardial salvage in first
AMI patients [64]. Endothelin antagonists, diltiazem and
nicorandil are also available in the clinical arena, but their
effective role in improving myocardial perfusion in the
management of no reflow has yet to be convincingly
demonstrated.

Preconditioning

Besides pharmacological agents, the interest surrounding
mechanical strategies aiming at preconditioning myocar-
dium, that is rendering it more resistant to a subsequent
ischemic event, have constantly grown over the last 25
years. The issue of cardioprotection might be of great rel-
evance, as it basically acts against ischemia-reperfusion in-
jury and might increase the proportion of patients achiev-
ing an effective reperfusion, and thus a lower rate of no-
reflow, after infarct-related artery recanalisation. Several
pharmacological strategies have been tested to this aim,
with overall conflicting results [65].
In the setting of STEMI the protective effect of cardiac
preconditioning has been inferred by the observation that,
in patients with pre-infarction angina, thrombolytic therapy
resulted in more rapid reperfusion and smaller infarcts, thus
suggesting that episodes of angina just before the occlu-
sion of a coronary artery might condition both vessels and
myocytes, thus allowing a more effective reperfusion and
increased myocardial salvage [66]. However, since the de-
livery of local ischemic preconditioning is technically chal-
lenging in humans and ischaemia is often an unpredict-
able event, as it is always the case of STEMI, this field
of research was really close to fail to translate into clinical
practice. The discovery that the protective stimulus can be
applied at a distance from the target organ (remote ischem-
ic conditioning, RIP) shed new light on cardio-protection
techniques [67]. In the experimental setting, several studies
have highlighted that transient ischaemia of a wide range
of tissues induces a systemic effect at distance, provid-
ing multi-organ protection against subsequent extended
ischaemia-reperfusion injury [68]. Clinically, RIP can be
easily applied to patients by alternating consecutive cycles
of inflation and deflation of a pressure cuff to the upper
arm. RIP has been shown to be effective in reducing
myocardial necrosis in coronary heart surgery [69] and dur-
ing elective PCI [70]. More importantly, Botker et al have
shown that its application during transport to hospital in pa-
tients with STEMI undergoing PPCI was associated with
significant increase in myocardial salvage [71]. Although
its efficacy, and mechanism deserves further clinical con-
firmation in the setting of STEMI, RIP represents a cheap,
safe and promising strategy to render the heart more resist-
ant to ischaemia-reperfusion injury in the clinical setting.
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Figures (large format)

Figure 1

Troponin I curves of two patients with anterior ST-elevation myocardial infarction
Both patients had occlusion of the proximal left anterior descending artery and similar symptom-to-balloon times. The ECGs of patient A are
presented in figure 2A and the ECGs of patient B are presented in figure 2B.
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Figures 2 A/B

Pre- and post-procedural ECGs of two patients with anterior ST-Elevation myocardial infarction (Troponin curves presented in fig. 1).
Patient A had good and patient B had poor ST-segment resolution (arrows) post-procedure.
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Figure 3

Thermodilution curves of two patients with STEMI.
Coronary microcirculation is preserved in patient A, while it is moderately impaired in patient B. Coronary Flow Reserve (CFR) is calculated as a
ratio of mean baseline transit time (blue) and mean hyperaemic transit time (yellow). The index of microcirculatory resistance (IMR) is calculated
as hyperaemic transit time x mean distal coronary pressure during hyperaemia.
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