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Successful Reperfusion Therapy: From Epicardial

to Myocardial Salvage
Arnoud W.J. van 't Hof

Isala Klinieken, Department of Cardiology, Zwolle, The Netherlands

The treatment of acute myocardial infarction was
long focussed on restoration of epicardial patency.
Rapid and sustained patency of the infarct related
vessel was the main goal.!? The Thrombolysis
and Myocardial Infarction (TIMI) phase 1 trial
introduced a standard for flow assessment in the
infarct-related vessel after thrombolytic therapy.’ In
that thrombolytic era, the angiographic definition
of perfusion of the epicardial coronary vessels was
based on the assumption that grades 0 and 1 were
effectively occluded and grades 2 and 3 provided
adequate reperfusion. This scoring system has been
commonly used to assess the immediate effectiveness
of reperfusion therapy.

Somewhat later, a landmark study showed that
only TIMI 3 flow was associated with improved
mortality. Clinical outcome with TIMI 2 flow was
comparable to TIMI 0 or 1 flow.*> Hereafter, only
patients with TIMI 3 flow were defined as having
successful reperfusion. From the trials which
compared different lytic agents, it became evident
that the best thrombolytic regime, the accelerated
administration of recombinant tissue Plasminogen
Activator (rtPA), resulted in successful reperfusion
(TIMI 2 or 3 flow) in 80% of patients and TIMI 3
flow in only 60% of patients.® In the early nineties
it was shown that primary angioplasty was able to
induce TIMI 3 flow in 90%-95% of patients, resulting
in improved outcome as compared to lytic therapy.
However, it was the great achievement of myocardial
contrast echocardiography which showed for the
first time that not only epicardial reperfusion was
more often impaired in lytic treated patients, but
myocardial reperfusion as well. Myocardial contrast
echocardiography performed duringand shortlyafter
the primary coronary angioplasty procedure also
confirmed that in some patients, with TIMI 3 flow
of the infarct-related vessel, the myocardium is not
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perfused after intracoronary injection of sonicated
microbubbles’ and this was associated with increased
left ventricular dilatation and a worse outcome.®
This led to the opinion that not only epicardial flow
is important (represented by TIMI flow grading) but
that the extent of myocardial reperfusion also plays
a role and that optimal reperfusion therapy should
be aimed at both restoring epicardial and myocardial
flow. A new definition of success of reperfusion was
introduced requiring evidence both of epicardial as
well as myocardial reperfusion. This again led to
the so called (myocardial) ‘no-reflow’ phenomenon,
reflecting a state of impaired myocardial flow
despite normal flow of the epicardial infarct-related
vessel. This is known to be associated with a poor
clinical outcome.’ The pathophysiologic mechanism
of no-reflow has been studied in humans as well as
in the animal laboratory and is based on extensive
damage to the microcirculation of the myocardium.
Prolonged ischemia leads to cell death, the release
of several vasoactive substances and neutrophils
resulting in vasospasm and plugging of the small
arterioles. This is not only caused by ischemia
but may also be related to the relief of ischemia ,
the reperfusion itself, so-called reperfusion injury,
although this has mainly been studied in animal
models.

Monitoring myocardial (no re-)flow however,
is difficult and many of the current methods, like
myocardial contrast echocardiography, dobutamine
stress echocardiography, TIMI frame count, post
angioplasty intracoronary flow measurements,
positron emission tomography scanning, or magnetic
resonance imaging are not applicable in routine
clinical practice. Therefore one sought to find simple
parameters which might be able to reflect the extent
of myocardial reperfusion.

In this issue of Revista Espaiiola de Cardiologia,
Ndrepepa et al describe the relationship of the
myocardial perfusion grade (MPG) and indexes of
myocardial salvage, as assessed by single photon
emission computed tomography (SPECT) scanning
before and after reperfusion.'” The MPG, like the
myocardial blush grade (MBG) are both parameters
reflecting the extent of myocardial reperfusion. The
only difference is that the TIMI MPG also weighs
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the speed of disappearance of contrast from the
microvasculature. Both parameters have shown to
be independent predictors of short and long term
mortality.!"'> The blush or perfusion of myocardial
tissue is the reflection of filling of the small arterioles
of the myocardium with contrast. This blush is present
on every diagnostic coronary angiogram and has been
used in studies to calculate myocardial flow reserve.'3
Decreased blushing of myocardial tissue suggests that
some epicardial flow bypasses the microcirculation and
shunts directly into one of the greater cardiac veins.
It is therefore questionable whether “normal” TIMI
flow and absent myocardial blush may coexist. The
Munchen group previously showed that no patient
with TIMI less than 3 flow had optimal myocardial
reperfusion (MPG grade 3).4

This group now showed that in patients with
successful epicardial reperfusion (TIMI 3 flow)
after primary percutaneous coronary intervention,
reduced myocardial perfusion was associated with
reduced myocardial salvage and larger infarct size.
All angiograms were scored off-line at a core lab by
independent operators. A very interesting finding
was that the myocardial salvage index and long term
mortality did not differ between patients with MPG
2 or MPG 0-1. This suggests that any reduction of
myocardial reperfusion is bad, similar to the finding
that any reduction in epicardial flow is associated
with poor outcome. Therefore successful reperfusion
should be defined as TIMI 3 flow in combination
with MPG 3. In the study of Ndrepepa, this optimal
reperfusion was found in the large majority of patients
(66%). Severely impaired myocardial reperfusion
(MPG 0-1) was present in 18% of patients. The very
first publication on MBG showed that MBG 0-1 was
present in 30% of patients, however, this trial also
included patients with TIMI flow less than 3.!! A later
publication showed that 11% of patients had severely
impaired MBG, despite TIMI 3 flow.!> One might
conclude that between 10% and 30% of patients have
impaired myocardial reperfusion despite successful
epicardial reperfusion. This difference in the rate
of poor myocardial reperfusion after successful
percutaneous coronary intervention is probably
related to the fact that the TIMI MPG also evaluates
the disappearance of contrast from the capillaries and
blush only the initial staining of the microcirculation.
Another limitation of the 2 scoring parameters is
the reproducibility of measurements. Intra- and
interobserver variability vary between 85% and 95%.
Recently, a more objective way of scoring myocardial
blush or perfusion was developed and is based on
computer-assisted myocardial blush quantification,
called Qube.'® Both the entrance as well as the
disappearance of contrast is evaluated using Qube. It
showed that in patients with TIMI 3 flow and good
myocardial blush (MBG 2 or 3), Qube was able to
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further differentiate myocardial reperfusion and
predict clinical outcome within this population.

A very interesting finding of the work by
Ndrepapa et al is that patients with reduced MPG
after percutaneous coronary intervention had a
larger necrotic portion of the initial perfusion defect
at the baseline SPECT image and these patients also
presented later. This finding of a larger necrotic core
before reperfusion therapy is consistent with the
finding that 40% of patients with acute myocardial
infarction have much older obliterating clots, and
suggests that the impaired myocardial reperfusion in
these patients might be due to longstanding repetitive
obstruction before definite vessel occlusion. !’

The German investigators also showed that
reduced myocardial reperfusion was associated with
a larger area at risk (jeopardized myocardium). This
is probably the reason that patients with anterior
infarctlocation and patients with signs of heart failure
had less optimal myocardial reperfusion. These
data are consistent with a previous study showing
that the poor outcome of patients who present with
heart failure is related to poor myocardial blush or
perfusion. '8

Unfortunately, the German investigators did not
report whether mechanical aspiration was used in
this cohort of patients. The Thrombus Aspiration
During Percutaneous Coronary Intervention in
Acute Myocardial Infarction (TAPAS) trial MBG
as the primary end point) showed a significant
improvement of myocardial blush with the use
of thrombus aspiration with the Export catheter
(Medtronic). The incidence of MBG 0-1 was
reduced from 26.3 to 17.1%. This routine use of
mechanical thrombus aspiration was associated
with a significantly lower one year cardiac mortality.
This finding might be extrapolated to the work of
Ndrepepa et al, who nicely showed the relationship
between MBG or MPG and myocardial salvage.
The investigators should be congratulated with
these findings and emphasize that only viable tissue
can be salvaged. Therefore all efforts should be
aimed at diagnosing acute myocardial infarction
at the earliest possible time point, preferably in
the ambulance, where effective antithrombotic and
anti-platelet agents can be given in order to improve
reperfusion before arrival of the patient in the cath-
lab. Time is muscle and myocardial salvage.

REFERENCES

1. Anderson JL, Karagounis LA, Becker LC, Sorensen
SG, Menlove RL, for the TEAM-3 investigators. TIMI
perfusion grade 3 but not grade 2 results in improved
outcome after thrombolysis for acute myocardial infarction.
Ventriculographic, enzymatic, and electrocardiographic



van 't Hof AWJ. Successful Reperfusion Therapy: From Epicardial to Myocardial Salvage

evidence from the TEAM-3 study. Circulation. 1993;87:
1829-39.

. Lincoff AM, Topol EJ. Illusion of reperfusion. Does anyone

achieve optimal reperfusion during acute myocardial

infarction? Circulation. 1993;87:1792-805.

. Chesebro JH, Knatterud G, Roberts R, Borer J, Cohen

LS, Dalen J, et al. Thrombolysis In Myocardial Infarction
(TIMI) trial, phase 1: a comparison between intravenous
tissue plasminogen activator and intravenous streptokinase.
Circulation. 1987;76:723-5.

. Lenderink T, Simoons M, Es van G, Werf van de F, Verstraete

M, Arnold AE, for the European Cooperative Study Group.
Benefit of thrombolytic therapy is sustained throughout five
years and is related to TIMI perfusion grade 3 but not grade 2
flow at discharge, Circulation. 1995;92:1110-6.

. Lincoff AM, Topol EJ, Califf RM, Sigmon KN, Lee KL,

Ohman EM, et al, for the Thrombolysis and Angioplasty
in Myocardial Infarction study group. Significance of a
coronary artery with thrombolysis in myocardial infarction
grade 2 flow “patency” (outcome in the thrombolysis and
angioplasty in myocardial infarction trials). Am J Cardiol.
1995;75:871-6.

. The GUSTO Angiographic Investigators. The effects of tissue

plasminogen activator, streptokinase, or both on coronary-
artery patency, ventricular function, and survival, after acute
myocardial infarction. N Engl J Med. 1993;329:1615-22.

. Ito H, Okamura A, Iwakura K, Masuyama T, Hori M,

Takiuchi S, et al. Myocardial perfusion patterns related
to thrombolysis in myocardial infarction perfusion grades
after coronary angioplasty in patients with acute myocardial
infarction. Circulation. 1996;93:1993-9.

. Ito H, Maruyama A, Iwakura K, Takiuchi S, Masuyama

T, Hori M, et al. Clinical implications of the “no reflow”
phenomenon. Circulation. 1996;93:223-8.

. Morishima I, Sone T, Mokuno S, Taga S, Shimauchi A, Oki Y,

et al. Clinical significance of no-reflow phenomenon observed
on angiography after successful treatment of acute myocardial
infarction with  percutaneous transluminal coronary
angioplasty. Am Heart J. 1995;130:239-43.

. Ndrepepa G, Mehilli J, Tiroch K, Fusaro M, Kufner S, Ellert

J, etal. Grado de perfusion miocardica, indices de recuperacion
miocardica y mortalidad a largo plazo en pacientes con infarto

11.

12.

13.

14.

15.

16.

17.

18.

agudo de miocardio y restablecimiento completo del flujo
sanguineo epicardico tras intervencion coronaria percutanea
primaria. Rev Esp Cardiol. 2010;63:770-8.

Van’t Hof AWJ, Liem A, Suryapranata H, Hoorntje JCA, 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;97:2302-6.

Gibson CM, Cannon CP, Murphy SA, Ryan KA, Mesley R,
Marble SJ, et al. Relationship of TIMI myocardial perfusion
grade to mortality after administration of thrombolytic drugs.
Circulation. 2000;101:125-30.

Suryapranata H, Zijlstra F, MacLeod DC, Van den Brand
M, De Feyter PJ, Serruys PW. Predictive value of reactive
hyperemic response on reperfusion on recovery of regional
myocardial function after coronary angioplasty acute
myocardial infarction. Circulation. 1994;89:1109-17.
Ndrepepa G, Tiroch K, Fusaro M, Keta D, Seyfarth M, Byrne
RA, et al. 5-year prognostic value of no-reflow phenomenon
after percutaneous coronary intervention in patients with in acute
myocardial infarction. J Am Coll Cardiol. 2010;55:2383-9.
Henriques JP, Zijlstra F, van ‘t Hof AWIJ, de Boer MJ,
Dambrink JHE, Gosselink ATM, et al. Angiographic
assessment of reperfusion in acute myocardial infarction by
myocardial blush grade. Circulation. 2003;107:2115-9.
Vogelzang M, Vlaar PJ, Svilaas T, Amo D, Nijsten MW,
Zijlstra F. Computer-assisted myocardial blush quantification
after percutaneous coronary angioplasty for acute myocardial
infarction: a substudy from the TAPAS trial. Eur Heart J.
2009;30:594-9.

Kramer MC, Van der Wal AC, Koch KT, Ploegmakers JP,
Van der Schaaf RJ, Henriques JP, et al. Presence of older
thrombus is an independent predictor of long-term mortality in
patients with ST-elevation myocardial infarction treated with
thrombus aspiration during primary percutaneous coronary
intervention. Circulation. 2008;118:1810-6.

De Luca G, Van ‘t Hof AWJ, De Boer MJ, Hoorntje JCA,
Gosselink ATM, Dambrink JHE, et al. Impaired myocardial
perfusion is a major explanation of the poor outcome observed
in patients undergoing primary angioplasty for ST-segment-
elevation myocardial infarction and signs of heart failure.
Circulation. 2004;109:958-61.

Rev Esp Cardiol. 2010;63(7):757-9 759



