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Periprocedural Myocardial Injury during percutaneous coronary

intervention: How can it be prevented?
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ABSTRACT

Percutaneous coronary intervention {PCI) has become the predominant procedure for coronary
revascularization in patients with both stable and unstable coromary artery disease [CAD), Over the past
bwo decades, technical advances in PCI have resulted in a better and safer therapeutic procedurs with
minimal procedural complications, However, about 30% of patients undergoing elective PCI sustain
mvacardial injury arising from the procedure itself, the extent of which Is significant enough to carmy
prognostic importance. The peri=procedural injury which accompanies PCI might therefore reduce some of
the heneficlal effects of coronary revascularization, The availability of more sensitive serum blomarkers of
rmyvocardial injury such as creating phosphokinase MB [soenzyme [CK-MB) and Troponin I has enablad the
guantification of previously undetectable myocardial Injury. The identification of CAD patients at greatest
risk of sustaining perlprocedural myocardial njury (PMI) during BCL would allow targeied treatment with
novel therapies capable of Imiting the extent of PMI or reducing the number of patients experiencing PHIL.
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INTRODUCTI|ON

Percutaneous coronary Intervention [(PCLY has
become a standard revascularization procedurs
for patients with coronary artery disease (CAD).}
Periprocedural myocardial injury (PMI) occurs in
5=30% of patients after PCI.¢ Guidelines for the
universal diagnosis of myacardial infarction (MI)
recommend elevation of cardiac biomarkers
abave the 99 centile upper reference limit (URL)
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for the confirmation of PMI if a normal basaline
tropenin value can be assumed.” FElevation of
more than fve times the 99th centile URL is
defined as a PCl-related MI (MI type 4a).? Indead
outcames after PCI with very high procedural CK-
MB levels (>5xor>8xthe upper limit of normal)
have prognostic implications similar to those of
spontanecus acute MIL3 Any troponin elevation
was associated with a significantly increased
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maortality risk, The most recent meta-analysis
applied the universal definition of periprocedural
MI (type 4a) using a troponin elevation of 5 x the
URL as the cut-off point. It included 7578
patients undergeoing non-emergency PCI with
nermal baseline troeponin levels. Troponin
elevation occurred in 28.7% of the procedures
and the incidence of type 4a MI was 14.5%.°
Type 4a MI Increased the risk of major adverse
cardiac events compared with those patients
without troponin elevation at an average follow-
up of about 17.7 months.* Patients with elevation
of troponin less than 5 x the URL did not have a
worse prognasis  during  follow-up.* The
identification of CAD patients at greatest risk of
sustaining periprocedural myocardial Injury (PMI)
during PCI would allow targeted treatment with
novel therapies capable of limiting the extent of
PMI or reducing the number of patients with PMI,

Mechanisms of myocardial injury during PCI:

PMI can result from procedural complications
such as distal embolisation, side-branch
occlusion (SBO), coronary dissection, disruption
of collateral flow and silently after uneventful PCI
procedures,.? PMI is classified Into two types:
Type 1 (proximal type), which is in proximity to
the target lesion of PCI and may be due to SBO,
and Type 2 (distal type), which is In the
perfusion territory of the treated coronary artery
and mainly due to structural and functional
microvaseular obstruction (MVO),2 Fifty to 75%
of all the PMI is Type 2 (distal type).2

Therapeutic strategies to prevent periprocedural
myocardial infury:

STRATEGIES TO PREVENT STRATEGIES AMMILABLE FOR
CESTAL EMBOLEBATION CARDIOPROTECTION
Artipdenalt srugs |Oval)
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FIGURE 1 : Strategies to prevent PMI,
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Oral Antiplatelet Agents:
Aspirin

Pretreatment with aspirin before PCI was
assoclated with a decreased Incldence and
significance of acute coronary thrombosis.” Since
then a relatively large, prospective study has
shown that pretreatment with aspirin compared
with placebe significantdy reduces the Incidence
of transmural infarction during or soon after
balloon angioplasty (9% vs. 1.6%).% The CURRENT
0AS1S-7 trial performed in patients with acute
coronary syndrome (ACS) scheduled for PCI
showed no slognificant difference in ischaemic
events or major bleeding when 'standard' dose
daily aspirin (300-325 mg) was compared with
low-dose aspirin (75-100 mg). If patients are not
taking malntenance aspirin or when there is
doubt about drug compliance, a loading dose of
500-600 myg orally should be given more than 3
h before PCL.”

Clopidogrel

Pretreatment with clopidegrel has been shown to
provide dinical benefit in patients undergoing PCI
for ACSS? and lack of clopidegrel pretreatment is
independently associated with an Increased rate
of PMLYY The ARMYDA-2 trial'! proved that
clopidogrel preleading with 600 mg significantly
reduces the rate of periprocedural MI compared
with 300 mg (administered 4-8 h before PCI). In
the recent CURRENT OQASIS-7 trial enrolling
patients with ACS undergaing PCI, a loading dose
of dopidogrel 600 mg vs. 300 mg followed by
150 mg vs. 75 mg daily for 1 month reduced
cardiovascular death, MI and stroke by 15%.
This risk reduction comprised a 22% reduction In
MI and a 42% reduction in the risk of definite
stent thrombosis. Currently the ESC guidelinas
for PCl recommend early pretreatment with
clopidogre| in patients who are scheduled for PCI
(300 mg at |east 6 h before, or 600 mg at least 2
h before). It is clear that pretreatment with 600
mg is better than 300 mg if PCI is intended in a
short timeframe, but in stable elective patients
presenting for ad hoc PCI, pretreatment remains
debatable as some patients will not proceed to
PCI. PRAGUE-B suggests avoiding pretreatment
before coronary angiography as this may save
costs and reduce bleeding risk.
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Prasugrel and Ticagrelor

The novel Cthienopyridine, prasugrel, and
ticagrelor, a novel non=-thienopyridine ADFP
receptor blocker, have shown promising results
compared with dopidegrel in patients with
ACS'#13 and prasugrel reduced periprocedural MI
In patients with ACS (4.9 vs, 6,4%).!" As yel
there is no evidence that these newer drugs are
better in reducing PMI in elective PCI, but as
patients with aspirin and/or clopidogrel
resistance have worse clinical outcomes!s.l&
these newer antiplatelet agents with their
enhanced and more predictable impact on
platelet function could be beneficial.

intravenous Antithrombotic Agents:
Heparins

Unfractionated heparin {(UFH) has been used for
decades to prevent thrombosis during PCl but
there are no placebo-controlled trials specifically
examining its effectiveness. An Intravenous bolus
either under activated clotting time guidance or
in @ weight-adjusted manner is used.’
Disadvantages of UFH include marked variability
in bioavailability and as a conseguence
intravenous  low=malecular  weight  heparin
(LMWH) have been tested in the setting of
glective or urgent PCI, A meta-analysis of 13
trials including 7318 patients showed that the
use of Intravenous LMWH during PCI reduces
major bleeding but dees not affect hard
ischaemic end points in comparison  with
intravenous UFH.Y

Bivalirudin

Direct thrombin inhibiters have been established
in clinical practice in recent years and offer
several advantages over UFH and LMWH (eg,
establishing @ more predictable anticoagulant
response). The ISAR-REACT 3 trial performed in
patients with stable and unstable angina who
underwent PCI after pretreatment with clopidegrel
showed that bivalirudin did not provide a net
clinical benefit in comparison with UFH, but it did
significantly reduce the incidence of major
bleeding,1®
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Glycoprotein IIb/IIIa antagonists

The final step In the formation of thrombus is the
binding of fibrinogen to the platelet glycoprotein
ITh/11Ta receptor,!® The ISAR-REACT trial enrclled
patients undergoing elective PCI, who were
loaded with 600 mg of clepidegrel, and found no
benefit of additional abciximab.®® The ISAR-
SWEET study performed in diabetic patients
loaded with 600 mag of clopidogrel undergoing
elective PCI showed no bensfit from additional
abciximab.?? Before GPIs can be discarded in
elective PCI several points need to be considered,
First, in ISAR=REALT, pretreatment with 600 mg
of clopidogrel was done at a8 median of 7.4 h
before PCI and GPIs might still have a role if ad
hoc PCI is performed in patients without timaly
and adeguate clopidogrel pretreatment.??
Second, It Is important to note that despite
pretreatment with aspirin and clopidogrel
significantly lower troponin T release was
demonstrated In patients who additienally
received GPIs.2? Similar results were shown for
eptifinatide in the CLEAR PLATELETS study.”® In
summary, discarding GPIs in all patients with
stable CAD appears to be premature, GPIs
continue to have a role in patients with ACS and
elevated baseline troponin levels and in the case
aof threateningfactual wvessel cosure, wvisible
thrombous or no/slow=reflow phenomenon.”
Additionally, GPIs might have a role In elective
patients recelving multiple stents for complex
anatoemy and those who are not pretreated with
clopidegrel at the time of PCI or have clopidogrel
resistance, Prasugrel, ticagrelor or other newer
more potent oral antiplatelet agents may further
reduce the role of GPIs in stable patients.

Other Drugs:
Statins

Different retrospective trials and meta=analyses
have suggested a reduction of PMI after elective
PCI in patients who are pretreated with statins.?®
The ARMYDA trial cleardy demonstrated that
pretreatment with 40 mg of atorvastatin for 7
days markedly reduces the risk of PMI in patients
who undergo elective PCLZ% A recent study
clearly demaonstrated that a single dose of B0 mg
of atorvastatin before PCI reduces the incidenc
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of MI type 4a.27 The ARMYDA-RECAPTURE trial
showed that reloading patients who are already
receiving statin treatment (application of 80 mg
of atorvastatin =12 h before the procedure and
the application of an additional pre-procedural
dose of 40 mal markedly reduces the primary
end point of cardiac death, MI or unplanned
ravascularisation at 30 days (3.7% vs. 9.4%).4%
Statins  are  effective through different
mechanisms.®? Treatment with a statin over 9
months can reduce fibrous-cap thickness of lipid=
rich plagues®® and this may explain why patients
receiving chronic statin  treatment present
differently in ACS and why these patients
experience less PMI during PCI, Besides plague
stabilisation, statins can improve endothelial
function and have been shown to have anti=
inflammatory characteristics and reduce
thrembogenic response,

Calcium Antagonists

Retrospective studies have suggested that
pretreatment with calcium  channel bleckers
reduces the incidence of PMI in patients
undergoing elective PCI.?* Intracoronary
nicardipine and verapamil have bean successfully
used in the treatment of no=reflow following PCI.
Pretreatment with intragraft verapamil before
PCI of saphenous vein grafts has been shown to
reduce the rate of the no-reflow phenomenan
but did not reduce PMI.*

p-Blockers

Benefit from p=receptor blockers in the reduction
of myocardial necrosls has been suggested
experimentally.?® Twe randomised trials have
analysed the role of Intracoronary propranclol
during PCL*35 Propranclel significantly reduced
CK=MB, troponin T and also clinical end points at
30 days.* In a later study intracoronary
propranociol administration significantly reduced
PMI even in patients who received GPIs during
P-C'LES

Trimetazidine

Trimetazidine is a piperazine derivative anti-
anginal drug with a wvasodilatory effect on
coronary arteries and has been extensively

Moyl #f al,

studied due to fs additional cardioprotective
preconditioning propertias,3® The mechanism of
cardioprotection by trimetazidine appears to be
maodulation of mitochondrial homeostasis
downstream of the preconditioning pathway, One
placebo controlled, randomized, controlled trial
invalving 266 patients studied a loading dose of
60mg  trimetazidine 30 min  before re-
canalization.d” This study showed significant
reduction in postprocedural Troponin 1 levels in
the trimetazidine group at all time points and also
a significant reduction in the total Troponin I area
under the curve.

Non-Pharmaceolegical Interventions in Prevention
of PMI:

Myocardial Preconditioning

Preconditioning using intracoronary
administration of adenosine has been shown to
decrease myocardial damage caused by elective
PCL¥ The use of nitroglycerin, nicorandil,
bradykinin or enalaprilat has shown promising
results (eg. reduction of ST segment shift, less
chest pain) but reduction of PMI has not yet beaen
demonstrated. Remote preconditioning induced
by three 5 min inflations of a blood pressure cuff
to 200 mm Hg around the upper arm, followed by
5 min intervals of reperfusion, markedly improved
the incidence of PMI In a recentdy published study
and could represent an easily applicable tool to
further reduce PMI during PCI 3%

CONCLUSIONS

PMI s common after PCIl. Periprocedural
infarction (MI type 4a) occurs after PCI in at
least 10% of cases and has an important impact
an  long=term  prognosis, Measurement  of
biomarkers to allow assessment of PMI is an
impartant tool for clinical and research purposes.
Aspirin, dopidogrel and statins reduce PMI and
patients scheduled for PCI should be pretreated
with these drugs. LMWH and bivalirudin do not
dearly show better Ischaemic outcomes than
UFH, and the latter continues to be used in many
centres during elective PCI. GPIs should bea
considered in patients who are not pretreated
with clopldogrel at the time af PCI, those with
suspected or proven clopidogrel resistance or in
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patients with complex |esions who are expected
to have a high prevalence of PMI. Newer oral

antiplate|et
ticagrelar have shown promising

agents such as prasugre]l and
results in

patients with ACS and future studies will show
whether they will become a better alternative to

clopidogrel

in elective patients, Ischaemic

preconditioning may receive more acceptance in
the future as it is simple and inexpensive and
could be aeffectiva,

REFEREMCES

1.

1.

11.

Mopschovitis &, Cook 5, Meier B. Percutaneous coronary
interventions |n Eurape In 20068, EBuralntervention
2010;6; 159=54,

Herrmann 1, Per=procedural myocerdial injury: 2005
update. Ewr Heart 1 2005;26:2493=5149.

Thygesen K, Appert 15, White HD. Third Unbrersal
definition of myocardial definition, Euwr Heart 1 2012;
28:2525=38

Testa L, Van Gaal Wi, Myocardial infarction after
peroutanecus corenary Interventlon, QI 2009102
359-78,

Barnathan ES, Teylor L. Aspirin and dipyridamale in the
prevention of acute corcnary thrombosis complicating
coranary angioplasty. Citculation 1987,76:125-34,
Schwarty L, Bourassa MG, Lesperance 1, &F ail. Asplrin
and dipyridamole n the provention of restenosis after
parcutanecus translumina| corenary enoloplasty, N
Ergl ) Med 1988;318:1714-14%.

Silber 5, Albertsson P Aviles FF, of o). Guidelines for
percutaneous corenary interventions. the task force
for percutanecus coronary interventions of the
Eurgpean society of cardiology. Eur Heart 1 2005;26:
BE-47,

Mehta SR, Yusuf 5, Peters RI, ef al. Effects of
prebreatment with dopidogrel and aspirin fallowed by
[ong=term  therapy In patients  undergaing
percutaneosus coronary intarvention: the PCI=CURE
study, Lancet 2001 ;358:527=33,

Sabatine MS, Cannon CP, Gibson €M, ef al. Effect of
clapidogrel pretreatment before percutaneous
ceronary intervention in patients with ST=elevation
myocardial infarction treated with Mbrinolytics: the
PCI=CLARITY study. JAMA 2005;2%4: 1224=3 2,

Moore RK, Lowe R, Grayson AD, et al A study
camparing the incidence and pradictors of creatine
kinase MB and troponin T release after coronary
angioplasty, does clopidogrel preloading reduce
myocardial necrosis following elective percutaneous
coranary intervention? Int J Cardiol 2007;116:93-7.
Patt G, Colonna G, Pascern ¥, ef al. Rancomized trial of
high leading dese of clopidegrel for reduction af
periprocedural myacardial infarction In patients
undergaing coronary inlarvention: results from the

12,

13.

14.

15.

16.

17.

LA,

149,

20,

21,

22,

23,

& Ibrerhim Cardioe Mospitel & feseanch inslifue

ARMYDA-2 [Antiplatelet therepy for Reduction of
MY¥ocardiol Damage during Angioplasty] study.
Circulation 2005;111:20409-1048,

Wiviott 50, Braunwald £, McCabe CH, ef &, Prasugrg]
wersus clopidogrel in patients with acute coronary
syndromes. M Engl J Med 2007;357:2001=-15.

Wallentin L, Becker RC, Budaj A, et al Ticagrelor
versus clogidogrel in patlents with acute coronary
symidromes. & Engl 1 Med 2009;361:1045=57,

Mormow DA, Wiviott 5D, White HD, ot al. Effect of tha
nove]  thienopyridine prasugrel comparsd  with
copidogrel on spontaneous and procedural myocardial
infarctlen In the trial te assess Improvement n
therapoutic outcomes by optimizing platelet inhibition
with prasugrel=thromzolysis In myacardial fnfarction
38; an spplicetion of the cdassification system rem the
universal definition of myocardial infarction. Circulation
2009:119: 2 758=64,

Snoep JO, Hovens MM, Eikenboom JC, ef al. Clopidogrel
nonresponsiveness  In patients undergaing
percutanesus corgnary intervention with stanating: a
systematic roview and meba=snalysis, Am Heart ]
2007;152:221=31,

Lev EI, Pastel RT, Maresh KI, ef &l Aszpirin &nd
clepidogrel drug response in patients undergoing
percutanacus coronary ntervention: the role of dual
drug resistance, 1 Am Coll Cardiol 2006;47;27=33,
Dumaina R, Borentain M, Bertel O, ot al. Intravenows
low=molecular=weight heparins compared  with
unfractionated heparin In percutanequs Coronary
intervention: quantitative review of rendomized trials.
Arch Inberm Med 2007 ;167:2423=-340,

Kastrali A, Neumann Fl, Mehilli 3, <@ &, Bivalirudin
versus unfractionated heparin during percutanecous
coronary intervantion. N Engl ) Med 2006;359: 688=-96.

Anon Platelet glycoprotein 1iofilla receptor blockade
and low—dose heparin during percUtanesus coronary
revascularization. the EPILOG investigatars. N Engl J
Med 1997;336: 1689=96,

Kastratl A, Mehilll 1, Schuhlen H, b al. A clinical trial of
abciximab  in elective percutsneous coronary
intervention after pretreatment with clepidogrel. N
Engl 1 Med 2004;350:232-8,

Mehilli 1, Kastrati A, Schuhlen H, et 3. Randamized
clinical trial of abciximab in diabetic patients
undergolng  elective  percutenacus  coronary
interventions after treatment with a high kading dosa
of clopsdagrel, Clroulation 20041101 3827=35,

Gumina RJ, Yang EH, Sandhu G5, e al. Survival benefit
with concamitant clopidogrel and glycoprotein b/l
inhibiter therapy at ad hoc percutanecus coronary
imtervantion, Mayo Clin Proc 2008;83:995=1001.

Bonz AW, Lengenfelder B, Stretmann 1, &t al. Effect af
additiana| temparary glycopratein IIB/11[a receptor
inhibition on traponin release in elective percutanesus
coranary intarvenlions afler prelreatment with aspirin
and clepidesgrel (TOPSTAR triall. 1 A&m Cell Cardio|
2007;40: 6624,

FTILYY MIINIY




REVIEW ARTICLE

Feriprpcedural Mypacaraie! nfary durleg percufaneaur caranary inferveninan: B can it be prevented?

24,

25

26,

£7.

28,

29,

3o,

3.

Gurhe| PA, Bliden KP, Zaman KA, ef o, Clopidagre] loading
with eplifibatide to arrest the resctivity of platelets:
results of Lthe dopidagrel Inading with eptifitatide to
arrest the raactivity of platelets (CLEAR PLATELETS)
study. Ciroulation 2005;111:1153-5,

Mulukutla SR, Marraquin OC, Smith C, =f &, Effect of
statin theragy prior to elective percutansaus coronary
intervenlion on frequency of peripracedural myacardial
infury. Am J Cardiol 2004;94:1363-6,

Pascerl W, Path G, Nusca A, et a\ Randomized tnal of
atorvastatin for reduction of myocardial damage during
coronary  intervention; results from the ARMYDA
{Atorvastatin for Reduction of MYocardial Damage during
Anglaplasty) study, Croulation 2004 L10: 674=5,

Briguor C, Viscond G, Focaccio &, ef al, Movel approachas
for preventing or limiting events (Maples} [1 trial impact
of a single high Ioading dese of atorvastatin on
pariprocedural myocardial infarction. J Am Coll Cardial
2009; 54:2157-63,

Di Seiascio G, Pattl G, Pascesi W, &t al Efficacy of
alarvastatin feload in patienls an chronic statin thesagy
undergoing percuténeous coronary intervention: resulls
of the ARMYDA-AECAPTURE {Atorvastatin for reduction of
myocardiol damage during angioplasty) randamized trial
J1Am Coll Cardiol 20059;58; 558=£5,

Rasenson RS, Tangmay CC, Antiatherathrombotic
properties of stating: implicatians for cardiovascular svent
reguction, JAMA 1958270 1643-50,

Takarada 5, Imandshi T, Kuba T, et al Effect of statin
therapy on coronary fibrouscap thickness In patients with
acute corgnary syndrome: assessment by optical
coharence tomography study. Atherosclercsis 2009;202:
AG1=3,

Guiknezr O, Atar [ Qzin B, et 2l The effects of prior
cakium channel blocker therapy on oeatine kinase=MB
kvals after peroutancous corpnary Intervenbons. Vasc
Health Risk Manag 2008;4:1417-22.

56

Kabir et

32. Michaek AD, Appleby M, Otten MH, &t al, Pretrestment

33

34,

3s,

iz

IR

39

with intragraft verapamil prior to percutanzous coronary
Intervention of saphenous vain graft |esisns: results of the
randamized, contrelled vasodilator prevention on no=
reflow (WAPOR) trial J Invasive Cardiol 2002;14:299=302.

Redmer KA, Hasmussan MM, Jennings RE. Reduction by
propranalel of myocardial necrosis following tempaorary
coronary artery occlusion in degs.  Circ Res 197333
353=53.

Wang FW, Osman A&, Otere J, et al. Distal myoccardial
protection during perculanaous coronary interventian with
an intracoronary beta-blecker. Circulation 2003;107:
20914=19,

Uratsky 8F, Blrnbaum ¥, Osman &, et 2. Distal myocardial
protection with intracorenery bets blocker when added to
a Gp Ilb/llla platelet receptor blocker during
peErcutaneous coronary Interventien improves dinical
culcome, Catheter Cardigvasc Tntery 2008, 72 1 488-07,

Minmers 1, van den Bos EJ, Yellon DM, Schwals H, Opie
L4, Sack ™MN. Dinicrophancl, cyclosparin A, and
trimetazidine modulate pracanditioning in the sclated ral
heart: support for @ mitechondrial mole  in
cardipprotection. Cardlovasc Res 200047 68=11.

BonzBo L, Sbeagla P, Amabile N, Com O, Pierra 5\ Lewy
5, Pagansli F. Protective effect of an acute arel loading
doze of tnmetazidine on myecardial injury following
percutaneous coronary Interventlan, Heart 200793
FO3=707,

Desnet W1, Dens 1, Coussement P el 8. Does adenosing
prevent myocardial micronecrosis following percutanegus
cargnary intervention? the ADELIME pilat trizl, ADEnasine
Limit myocardial Mecrosis, Hoart 7002 ;88:293=5,

Hoale SP, Heck PM, Sharples L, ef &/, Cardiac Remole
Ischemic Preconditioning in Ceronary Stenting (CRISP
Stent) study: a prospective, randomized control trial,
Circulation 2009;119:820=7,




