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Abstract
Primary angioplasty has evolved as the reperfusion strategy of choice in acute ST-segment elevation
myocardial infarction. Unlike thrombolytic therapy, it allows for direct visualization of the coronary
anatomy and a targeted approach to revascularization. This is associated with significant improvements
in culprit artery patency, distal myocardial perfusion, and, ultimately, patient prognosis. Assessment
of reperfusion in this setting is heavily dependent upon the angiographic profile of the infarct-related
artery after intervention. This incorporates both anatomical and physiological aspects of
coronary function, with further delineation of epicardial and microvascular components of
total coronary flow. More recent advances in contrast echocardiography and Doppler flow analysis
have allowed for increasingly sophisticated and diverse measures of reperfusion that complement
angiography and can all be used at the time of intervention in the catheter laboratory. Such
information can guide immediate adjuvant therapy during angioplasty, in addition to identifying
higher-risk groups of patients.
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Introduction
The main therapeutic strategy in ST-segment elevation myocardial infarction is the prompt restoration
of blood flow to the distal myocardial bed of the
culprit coronary artery. Primary percutaneous intervention is now widely accepted as the therapeutic
treatment of choice. An invasive strategy allows
for direct angiographic assessment of the epicardial
coronary anatomy before and after targeted intervention is delivered, thereby eliminating the need for
surrogate markers of reperfusion. Angiography
remains the gold standard for measuring reperfusion.
It provides both anatomical and physiological information about coronary flow, reflecting primarily, but
not exclusively, the relative contribution of epicardial
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and microvascular resistances, respectively. The
distinction between epicardial and myocardial
reperfusion is of increasing importance as our understanding and our capacity to measure microvascular
function improve. Indeed, microvascular integrity
beyond the stented lesion is now recognized as
an independent outcome marker of revascularization
[1–3]. More contemporary measures of the microvasculature, such as myocardial contrast echocardiography and Doppler coronary flow profiling,
now complement the angiogram and electrocardiogram (ECG). These can all be measured
simply in the catheter laboratory in order to guide
delivery of treatment and identify those individuals
at risk from incomplete epicardial or myocardial
reperfusion.
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Anatomical reperfusion
Epicardial reperfusion: the Thrombolysis In
Myocardial Infarction (TIMI) flow grade and
corrected TIMI frame count
Coronary angiography allows for both a twodimensional quantitative analysis of residual lumen
stenosis after percutaneous intervention and an
assessment of coronary flow beyond the lesion intervened upon. These two components are not mutually
exclusive, and both are important considerations in
determining the success of revascularization in acute
myocardial infarction. The first angiographic score of
reperfusion was devised by the Thrombolysis In
Myocardial Infarction (TIMI) study group for use in
the early major trials of thrombolytic agents [4]. The
TIMI flow grade provides a simple score of epicardial
flow, graded 0–3 according to set angiographic
criteria:
TIMI 3: Normal antegrade flow and contrast clearance from the epicardial artery beyond the (stented)
obstruction (complete perfusion).
TIMI 2: Full opacification of the distal artery, but with
slower contrast flow or clearance, or both, beyond
the (stented) obstruction compared with a non-culprit
artery or the culprit artery proximal to the lesion
( partial reperfusion).
TIMI 1: Contrast flow in part, but not all, of the
artery distal to the (stented) obstruction ( penetration
without perfusion).
TIMI 0: No antegrade contrast flow beyond the
point of occlusion (no perfusion).
TIMI flow grade is now regarded as the benchmark
by which coronary flow is assessed before and after
intervention (Figure 1), and has become established as
one of the most important markers of reperfusion in
contemporary interventional trials.
Early use of the TIMI flow grade in thrombolysis trials
defined a clear and stepwise improvement in patient
outcome with each individual TIMI flow grade [5]. This
has translated itself into a variety of interventional
settings for acute myocardial infarction, including rescue angioplasty [6], revascularization in cardiogenic
shock [7], and intra-aortic balloon-pump-supported
therapy [8]. Unlike the thrombolysis trials, however,
the prognostic merit of TIMI flow usually relates to a
binary comparison of ‘‘successful’’ and ‘‘unsuccessful’’
revascularization, defined by a set TIMI flow grade
threshold with or without reference to residual lumen
stenosis after the intervention.
The major disadvantage of the TIMI flow grade is
the subjective nature of reporting into a somewhat
artificial and rigid classification of coronary flow.
There is at least moderate interobserver variability
reported, particularly in culprit arteries with TIMI 2
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Figure 1. Thrombolysis In Myocardial Infarction (TIMI) 0
flow (a) in the right coronary artery of a patient presenting
with an acute inferior myocardial infarction. Passage of the
guidewire through the obstruction resulted in TIMI 1 flow
(b) beyond a tight proximal lesion, which subsequently
improved to TIMI 3 flow (c) after successful angioplasty
and stenting.

and 3 flow after reperfusion [9]. Accordingly, the
corrected TIMI frame count (cTFC) was devised in
order to provide a more objective and less variable
assessment of reperfusion. This angiographically
derived measure describes the number of cineframes
required for dye to reach defined distal landmarks of
the three main epicardial arteries:
(1) Left anterior descending (LAD): the distal bifurcation point of the left anterior descending artery.
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(2) Right coronary artery (RCA): the first branch
of the posterolateral artery of the right coronary
artery.
(3) Left circumflex artery (LCx): the most distal bifurcation of the obtuse marginal branch of the left
circumflex system.
The cTFC depends upon a set acquisition framerate of 30 frames per second, standardized guide
catheters, and sustained maximal epicardial vasodilatation. Otherwise, there is a remarkably low
variance in measurements regardless of force of
injection, dye contrast used, cardiac output, and
heart rate [9,10]. The normal cTFC for the RCA and
circumflex vessels is approximately 21 frames; for the
LAD it is 36 frames. This disparity is in part a result of
the longer course of the LAD in most individuals,
but it also reflects a slightly slower flow – another
confounding issue in using the TIMI flow grade.
Conversely, the cTFC is a continuous measure and
a correction factor of 1.7 is therefore used for LAD
measurements [10].
Many studies now have identified an association
between patient outcome and the cTFC in primary
angioplasty trials [11,12]. Although certain prognostic
threshold parameters are likely, the particular merit of
the cTFC is its sensitivity to detect relative improvements in epicardial flow within TIMI flow grades. This is
particularly true within TIMI 3, in which, in the absence
of any residual stenosis, subtle hindrances in flow are
probably caused by downstream microvascular
obstruction or dysfunction.

Myocardial perfusion: myocardial contrast
echo and the myocardial perfusion scores
Restoration of TIMI 3 epicardial flow remains the key
target of interventional revascularization in acute
myocardial infarction. However, up to 40% of the
patients will fail to achieve adequate perfusion of
the microvasculature beyond the stented lesion and

this, in itself, is associated with a worse prognostic
outcome [13,14]. Myocardial contrast echocardiography (MCE) provided the first measure of this ‘‘no
reflow’’ effect in humans and has remained an important modality against which other techniques have
subsequently been tested [1]. Inert, echo-dense microbubbles between 2 and 4 mm in size can now be
administered peripherally to determine capillary blood
volume and regions of hypoperfusion/obstruction.
This correlates well with gold-standard histological
assessment and more contemporary measures of
microvascular obstruction such as cardiac magnetic
resonance imaging – both equally unhelpful in the
catheter laboratory. MCE also allows for an accurate
assessment of left ventricle dimensions and determination of immediate postinfarct contractile function,
and is suggested as the most sensitive and accurate of
microvascular measures in predicting longer-term left
ventricular recovery [15].
Angiography-derived microvascular perfusion can
be assessed from the myocardial blush grade and TIMI
myocardial perfusion grade [2,10]. These are both
simple descriptive scores of myocardial opacification
with contrast, distinct from the epicardial vessel, and
provide a score of between 0 (no myocardial blush)
and 3 (normal blush and clearance of dye from
myocardium) (Table I). Angiographic myocardial
reperfusion correlates well with MCE in the setting of
primary angioplasty, and accordingly is an important
prognostic outcome marker of myocardial salvage and
mortality in spite of TIMI 3 epicardial flow [16,17].
More recently, the TIMI study group have proposed a
12-point angiographic perfusion score as a composite
of pre- and postintervention TIMI flow grade (0–3) and
TIMI myocardial perfusion grade (0–3) scores, in order
to combine epicardial and microvascular perfusion.
This has provided robust outcome data and a close
correlation with infarct size determined by single
photon emission computed tomography, but has yet
to prove any more useful than existing angiographic
indices [18].

Table I. The myocardial blush grade and Thrombolysis In Myocardial Infarction (TIMI) myocardial perfusion grade.

Myocardial blush

Grade

TIMI myocardial perfusion

No myocardial blush or contrast density

0

Minimal myocardial blush or contrast density

1

Moderate myocardial blush or contrast density,
but less than that of a non infarct-related artery

2

Normal myocardial blush or contrast density,
comparable to that of a non infarct-related artery

3

Minimal or absent myocardial blush in the
territory of the infarct-related artery
Myocardial blush present, but incomplete clearance
of dye between injections (at least 30 s)
Myocardial blush present, but slow entry and
clearance of dye (strongly persistent opacification
beyond 3 cardiac cycles after injection)
Myocardial blush present with normal entry and
exit of dye (mild/moderate persistence of dye
beyond 3 cardiac cycles but notably reduced
during washout phase)

Both are angiographically derived scores of microvascular perfusion, describing the ground-glass or ‘‘blush’’ effect of distal myocardial
contrast opacification beyond the infarct-related epicardial artery.
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Figure 2. Transthoracic Doppler profile of the left anterior descending (LAD) coronary artery (left and centre) and
myocardial contrast echo (right), in two patients who underwent successful revascularization for acute anterior myocardial
infarction. The patient with ‘‘no reflow’’ on myocardial contrast echo (bottom images) demonstrated a characteristic
coronary flow velocity pattern of increased diastolic peak velocity with rapid deceleration, diminished systolic peak velocity,
and systolic flow reversal. (From Ikawura et al [21], with permission.).

Physiological reperfusion
Doppler analysis and the electrocardiogram
The advent and expansion in use of fine intracoronary
measuring devices has also extended the capacity to
define myocardial reperfusion on a ‘‘physiological’’
basis. Intracoronary Doppler interrogation of
upstream epicardial flow after primary angioplasty,
for example, provides a surrogate measure of downstream microvascular integrity, with both impairment
of coronary flow reserve and progressive flow characteristics correlating with deteriorating perfusion
defects on MCE, in the following order [19,20]:
(1) Rapid diastolic deceleration time.
(2) Systolic flow reversal.
(3) Diminished antegrade systolic flow.
These findings are reproducible in transthoracic echo
Doppler interrogation of LAD flow (Figure 2), and have
been suggested as more sensitive of microvascular
no-reflow than angiographic or ECG criteria [21].
Finally, although primary angioplasty has rendered
the surface ECG redundant as a surrogate marker of
epicardial reperfusion, the absence of reperfusion
dysrhythmias and persistence of ST-segment
elevation in the face of successful intervention and
restoration of TIMI 3 epicardial flow correlate
12

strongly with other measures of microvascular dysfunction. This reflects sustained electrical transmural
injury, and less than 50% resolution of ST segments in
the infarct-related territory is associated with larger
infarct size and significant long-term major adverse
cardiac events [22,23].

REFERENCES
1. Ito H, Tomooka T, Sakai N, et al. Lack of myocardial perfusion
immediately after successful thrombolysis. A predictor of poor
recovery of left ventricular function in anterior myocardial
infarction. Circulation. 1992;85:1699–1705.
2. van’t Hof AW, Liem A, Suryapranata H, Hoorntje JC, de Boer MJ,
Zijlstra F. Angiographic assessment of myocardial reperfusion in
patients treated with primary angioplasty for acute myocardial
infarction: myocardial blush grade. Zwolle Myocardial Infarction Study Group. Circulation. 1998;97:2302–2306.
3. Tarantini G, Razzolini R, Cacciavillani L, et al. Influence of
transmurality, infarct size and severe microvascular obstruction on left ventricular remodelling and function after primary
coronary angioplasty. Am J Cardiol. 2006;98:1033–1040.
4. TIMI Study Group. The Thrombolysis in Myocardial Infarction
(TIMI) Trial: phase I findings. N Engl J Med. 1985;312:932–936.
5. Cannon CP, Braunwald E, McCabe CH, Antman EM. The
Thrombolysis in Myocardial Infarction (TIMI) trials: the first
decade. J Interv Cardiol. 1995;8:117–135.
6. Sutton AG, Campbell PG, Grech ED, et al. Failure of thrombolysis: experience with a policy of early angiography and
rescue angioplasty for electrocardiographic evidence of failed
thrombolysis. Heart. 2000;84:197–204.
7. Webb JG, Lowe AM, Sanborn TA, for the SHOCK Investigators.
Percutaneous coronary intervention for cardiogenic shock in
the SHOCK trial. J Am Coll Cardiol. 2003;42: 1380–1386.

Heart Metab. 2007; 37:9–13

Main clinical article
Measuring reperfusion in the catheter lab

8. Stone GW, Marsalese D, Brodie BR, et al. A prospective,
randomized evaluation of prophylactic intraaortic balloon
counterpulsation in high risk patients with acute myocardial
infarction treated with primary angioplasty. Second Primary
Angioplasty in Myocardial Infarction (PAMI-II) Trial Investigators. J Am Coll Cardiol. 1997;29:1459–1467.
9. Gibson CM, Cannon CP, Daley WL, et al. The TIMI frame
count: a quantative method of assessing coronary artery flow.
Circulation. 1996;93:879–888.
10. Gibson CM, Schomig A. Coronary and myocardial angiography:
angiographic assessment of both epicardial and myocardial
perfusion. Circulation. 2004;109:3096–3105.
11. Bickel C, Rupprecht HJ, Maimaitiming A, et al. The superiority
of TIMI frame count in detecting coronary flow changes
after coronary stenting compared to TIMI flow classification.
J Invasive Cardiol. 2002;14:590–596.
12. Hamada S, Nishiue T, Nakamura S, et al. TIMI frame count
immediately after primary coronary angioplasty as a predictor
of functional recovery in patients with TIMI 3 reperfused
acute myocardial infarction. J Am Coll Cardiol. 2001;38:
666–671.
13. Iwakura K, Ito H, Kawano S, et al. Predictive factors for
development of the no-reflow phenomenon in patients with
reperfusion anterior wall acute myocardial infarction. J Am
Coll Cardiol. 2001;38:472–477.
14. Ito H, Maruyama A, Iwakura K, et al. Clinical implications
of the ‘‘no reflow’’ phenomenon. A predictor of complications and left ventricular remodelling in reperfused
anterior wall myocardial infarction. Circulation. 1996;93:
223–228.
15. Greaves K, Dixon SR, Fejka M, et al. Myocardial contrast
echocardiography is superior to other known modalities
for assessing myocardial reperfusion after acute myocardial
infarction. Heart. 2003;89:139–144.

Heart Metab. 2007; 37:9–13

16. Lepper W, Sieswerda GT, Vanoverschelde JL, et al. Predictive
value of markers of myocardial reperfusion in acute myocardial infarction for follow up left ventricular function. Am J
Cardiol. 2001;88:1358–1363.
17. Haager PK, Christott P, Heussen N, Lepper W, Hanrath P,
Hoffmann R. Prediction of clinical outcome after mechanical
revascularisation in acute myocardial infarction by markers of
myocardial reperfusion. J Am Coll Cardiol. 2003;41:532–538.
18. Gibson CM, Murphy SA, Morrow DA, et al. Angiographic
perfusion score: an angiographic variable that integrates
both epicardial and tissue level perfusion before and after
facilitated percutaneous coronary intervention in acute
myocardial infarction. Am Heart J. 2004;148:336–340.
19. Lepper W, Hoffman R, Kamp O, et al. Assessment of myocardial
reperfusion by intravenous myocardial contrast echocardiography and coronary flow reserve after primary percutaneous
transluminal coronary angiography in patients with acute
myocardial infarction. Circulation. 2000;101: 2368–2374.
20. Iwakura K, Ito H, Takiuchi S, et al. Alternation in the coronary
blood flow velocity pattern in patients with no reflow and
reperfused acute myocardial infarction. Circulation. 1996;94:
1269–1275.
21. Iwakura K, Ito H, Kawano S, et al. Assessing myocardial
perfusion with the transthoracic Doppler technique in patients
with reperfused anterior myocardial infarction: comparison
with angiographic, enzymatic and electrocardiographic
indices. Eur Heart J. 2004;25:1526–1533.
22. Ilia R, Amit G, Cafri C, et al. Reperfusion arrhythmias during
coronary angioplasty for acute myocardial infarction predict
ST-segment resolution. Coron Artery Dis. 2003;14:439–441.
23. Brodie BR, Stuckey TD, Hansen C, et al. Relation between
electrocardiographic ST-segment resolution and early and late
outcomes after primary percutaneous coronary intervention for
acute myocardial infarction. Am J Cardiol. 2005;95:343–348.

13

