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of intracoronary thrombi and on current antithrombotic ~ Intracoronary thrombosis, subsequent to plaque rupture
pharmacological and interventional strategies used in and causing partial or complete occlusion of a coronary
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artery, is the basic pathophysiologic event in acute ST-
elevation myocardial infarction (STEMI)". Actually, al-
though angiography seems to understimate the presence
of thrombi, they are very frequently detected in STEMI
patients undergoing primary percutaneous coronary in-
tervention (PPCI) and tend to be larger than in non ST-
elevation acute coronary syndromes (ACS). Sianos ez al”
reported that up to 91.6% of STEMI patients undergoing
PPCI showed intracoronary thrombosis at angiography.

Intracoronary thrombus burden and components are
important determinants of prognosis in STEMI, being
well-known risk factors for long-term adverse cardiovas-
cular events, distal embolization and stent thrombosis” "
As a result, percutaneous management of lesions with a
consistent thrombotic burden is still challenging in the
setting of PPCI for STEMI. Therefore, several pharma-
cological and interventional strategies, such as thrombec-
tomy, aiming at reducing thrombus burden, have been
developed in order to improve PPCI’s safety and efficacy,
patients’ survival and their quality of life.

CORONARY THROMBOSIS IN STEMI
PATIENTS

Atherosclerotic plaque rupture or erosion are usually fol-
lowed by hemorrhage into the plaque, luminal thrombo-
sis, and vasospasm, which may cause sudden, partial or
total, flow obstruction, and hence the onset of ischemic
symptoms in the setting of STEMI™", Inflammation
and increased oxidative stress seem to play an important
role in the pathogenesis of plaque instability!""; while
the clinical manifestation of an acute thrombotic event
is determined by the balance between the propensity for
thrombus formation, proportional to the kind and extent
of exposed plaque components and to the local flow dis-
turbances, and the efficacy of endogenous thrombolytic
processes' . However, plaque disruption and thrombosis
do not always coincide with the onset of symptoms[]S’m].
Actually, post-mortem investigation and, more recently,
histological studies of ## vivo-derived thrombectomy spec-
imens of STEMI patients, revealed that approximately
50% of the aspirated thrombi were days to even weeks
old, which further suggests that thrombus formation
starts at a variable time before symptoms onset! """,

Pathological analyses revealed that coronary thrombi
consist of platelets, erythrocytes and fibrin, and often
contain atherosclerotic inflammatory cells™?". Initially,
at the site of plaque disruption, platelets aggregate form-
ing a platelet-rich thrombus which begins to protrude
into the lumen. Then, the thrombus grows in association
with the formation of a fibrin network entrapping a lot
of erythrocytes and inflammatory cells, and forming an
erythrocyte-rich thrombus!”?, which can partially or to-
tally occlude the vessel.

ANGIOGRAPHIC CORONARY THROMBI:
DEFINITION AND CLASSIFICATION

Angiography seems to understimate the presence of
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thrombi. Nevertheless, intracoronary thrombi are angio-
graphically defined as the presence of a filling defect with
cither a total occlusion with convex, irregular, or hazy
distal margins and post injection contrast retention or
staining, or a partial occlusion circumferentially outlined
by contrast medium®”,

When angiographycally detected, the thrombus bur-
den can be classified according to the thrombolysis in
myocardial infarction (TTMI) thrombus grade (TG)™.
TIMI TG 0 corresponds to no angiographic evidence
of thrombus; in TIMI TG 1, angiographic characteris-
tics suggestive of thrombus are detected (z.e., reduced
contrast density, haziness, irregular lesion contour or
a smooth convex meniscus at the site of total occlu-
sion suggestive but not diagnostic of thrombus); in TG
2, there is definite thrombus, with greatest dimensions
< 1/2 the vessel diameter; in TG 3, there is definite
thrombus but with greatest linear dimension > 1/2 but
< 2 times the vessel diameter; in TG 4, there is definite
thrombus, with the largest dimension = 2 vessel diam-
eter; and in TIMI TG 5, there is total occlusion and the
size of thrombus cannot be assessed.

In STEMI setting, there is a high incidence of total
coronary occlusion, thus, as was shown by Sianos ¢# al?,
the prevalence of TG 5 and unknown thrombus size is
almost 60% of the patients. Therefore, a modified TG
classification was recently suggested by Sianos ef al”,
where, grade 5 lesions are reclassified into one of the
other TIMI grade categories, after flow achievement with
either guidewire crossing or a small (diameter 1.5 mm)
deflated balloon passage or dilation. According to this
new classification, most lesions (99%) can be classified.
Particularly, TIMI TG 0-3 are defined as small throm-
bus burden (STB), while TIMI TG 4 is defined as large
thrombus burden (LTB).

PROGNOSTIC SIGNIFICANCE OF
ANGIOGRAPHICALLY DETECTED
CORONARY THROMBI

Angiographically detection of coronary thrombi in the
setting of PPCI for STEMI is a well known negative
prognostic factor, associated with a higher incidence of
in-hospital and long-term adverse cardiac events™****,
Actually, intracoronary thrombi can impair both epicar-
dial and myocardial perfusion, by spontaneous or PPCI-
induced occlusion of an epicardial vessel or its branches,
or distal embolization of plaque and thrombotic com-
ponents. Data derived from PPCI for STEMI studies,
showed that PPCI resulted in about 6% to 18% distal
embolization rate”***. Moreover, patients with distal
embolization, compared to those without, showed lower
procedural success rates with higher slow/no-reflow
rates, lower left ventricular ejection fraction (LVEF),
larger enzymatic infarctions, with increased in-hospital
and late mortality rates”””.

Size and thrombus composition are the major predic-
tors of distal embolization, as well as slow TIMI flow
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grade before PCI, long target lesion and large vessel
diameter™”. A LIB and a high plaque burden were
shown to be independent predictors of distal emboliza-
tion™"*" and correlated with worse final TIMI flow/
myocardial blush grades, as well as 2-year mortality and
major adverse cardiac event (MACE) rates™. In STEMI
setting, thrombus burden is higher than in the other types
of ACS. Particularly, a significant association between TG
and vessel size has been reported (ie., large right coro-
nary arteries, aneurismatic coronary arteries and aged de-
generated saphenous vein grafts). Moreover, some clinical
scenarios, such as STEMI occuring for stent thrombosis
(ST), are associated with the presence of a LTB. Actually,
Chechi et al™" reported a significantly higher incidence
of LTB (TG = 3) in patients with STEMI due to ST,
compared to those with STEMI due to de novo coronary
thrombosis.

Recently, the development of thrombectomy and dis-
tal protection devices has enabled the evaluation of ante-
mortem coronary thrombi, thus facilitating analysis of
thrombi components, given that previous autopsy studies
were unable to differentiate coronary thrombi respon-
sible for STEMI from post-mortem clots. However, even
for in vivo-derived thrombectomy thrombi, a sampling
bias must be considered, related to the unability to de-
termine whether retrieval of the thrombus was complete
and which part of the thrombus has been extracted, and
to the potential distortion of the samples that might
have occurred during aspiration through a catheter lu-
men. Nevertheless, recent studies have demonstrated that
erythrocyte-rich component in aspirated coronary throm-
bi is closely associated with thrombus size that increases
the incidence of distal embolization during PPCI in STE-
MI patients“’ﬂ]‘ Actually, data on aspirated thrombi from
164 STEMI patients within 12 h from symptoms onset,
revealed that thrombi from patients with distal emboliza-
tion had a greater erythrocyte-positive area and more my-
cloperoxidase (MPO)-positive cells than those from pa-
tients without distal embolization, and that thrombus size
was positively correlated with the erythrocyte component
and the numbers of MPO-positive cells™. These results
reflect the above mentioned mechanism of thrombosis
whereby the thrombus, initially platelet-rich, becomes
erythrocyte-rich with inflammatory cells entrapped during
h?* Moreover, MPO-positive cells,
constituted by neutrophils and only occasionally by mac-

thrombus growt

rophages[35], and erithrocyte-rich thrombi were shown to
be associated with impaired coronary microcirculation, as
assessed by ST-segment resolution and myocardial blush
grade after PPCI in STEMI patientsm’m. Finally, inde-
pendently from the histopathology of aspirated thrombi,
patients with fresh thrombus tended to have better ST-
segment resolution than patients with older thrombus™.
Prediction of thrombus burden and composition, as
well as plaque volume and composition, before the pro-
cedure in patients with STEMI undergoing PPCI, may
contribute to optimize percutaneous treatment of these
highly thrombotic lesions, guiding utilization of pharma-
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cological agents or interventional strategies, in order to
reduce thrombus burden and improve both epicardial and
myocardial perfusion. Grade Il ischemia on electrocar-
diogram, defined as distortion of the terminal portion of
the QRS complex, and red cell distribution width (RDW),
a marker of variation in the size of circulating red cells
routinely reported as a part of blood count analysis, were
shown to be independent predictors of coronary throm-
bus burden in STEMI patients undergoing PPCI, and to
be associated with angiographic no-reflow and impaired
epicardial and myocardial perfusion™*!. Probably, also
the evaluation of thrombus burden using, not only coro-
nary angiography, but also intravascular imaging modali-
ties, such as ultrasound, optical coherence tomography
or virtual histology, may provide important informations
about the amount and composition of coronary thrombi,
thus facilitating the choice of treatment strategies.

PHARMACOLOGIC AND PERCUTANEOUS
INTERVENTIONAL MANAGEMENT OF
CORONARY THROMBI

PPCI is the preferred treatment option, compared to
thrombolytic therapy, in STEMI patients, being effec-
tive in obtaining patency of the infarct-related artery
(IRA)M, and resulting in smaller infartcs, less acute and
long-term clinical events, including recurrent myocardial
infarction and death™*!. However, a substantial number
of STEMI patients, up to 40%, treated with PPCI shows

poor procedural outcomes™, above all because of the

presence of intracoronary thrombi that can lead to micro
and macro distal embolization, thus reducing the benefits
of PCI®. Actually, although PPCI effectively restores
flow in the IRA, myocardial perfusion often remains sub-
optimal, with persistent ST-segment elevation, abnormal
myocardial blush grade and abnormal TIMI frame count,
due to microvascular obstruction, mostly attributed to
distal embolization”. As a result, management of lesions
with a consistent thrombotic burden is still challenging
during PPCI for STEMI. This has led to the employment
and development of drugs and adjunctive percutaneous
devices, aiming at reducing distal embolization and there-
fore improve myocardial perfusion. Particular subgroups
of STEMI patients may benefit more from these adjunc-
tive pharmacological and interventional strategies; these
include patients with large anterior myocardial infarction,
LTB, residual thrombus, side-branch involvement, and
those with slow or no-reflow. Finally, attention must be
paid on stenting strategies in order to further reduce PCI
complications.

Pharmacologic agents

Several pharmacologic agents, delivered intravenously or
via the intracoronary route, can be used in the catheteriza-
tion laboratory, to manage lesions with consistent throm-
bus burden during PPCI for STEMI. When possible,
STEMI patients undergoing PPCI should receive dual
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antiplatelet therapy (aspirin plus one of the ADP recep-
tor blockers) and one parenteral anticoagulant. Moreover
glycoprotein Il b/IMa inhibitors (GPI) and vasodilators
drugs may be useful to manage lesions with consistent
thrombus burden and to improve epicardial and myo-
cardial perfusion. Particularly, these pharmacological
measures are useful in the presence of slow or no-reflow,
which is related to a combination of distal embolization
of plaque debris and thrombus, vasocontriction and re-

. .. 125
perfusion injury .

Anticoagulants

Anticoagulant options for PPCI include unfractionated
heparin (UFH), enoxaparin and bivalirudin. UFH titrated
to an appropriate activated clotting time is a familiar and
well-tested strategy for anticoagulant therapy in the set-
ting of PPCIM**, compared to enoxaparin which has
been studied less extensively in this setting. Moreover,
the ATOLL trial comparing intravenous enoxaprin with
UFH for PPCI failed to meet its primary composite end-
point (30-d death, complication of myocardial infarction,
procedural failure and major bleeding)™. Thus, European
guidelines recommend UFH in Class I , level of evidence
C, while enoxaparin has an indication of Class II'b, level
of evidence B™. However, Buropean guidelines stated
that enoxaparin should be preferred over UFH™, based
on the considerable clinical experience with enoxaparin in
other PCI settingsm] and on considerations derived from
the ATOLL trial™. Particularly, although the primary
endpoint was not reached, there were reductions in the
composite main secondary endpoint of death, recurrent
myocardial infarction or ACS or urgent revascularization,
and in other secondary composite endpoints, such as
death, or resuscitated cardiac arrest and death, or compli-
cation of myocardial infarction, and there was no indica-
tion of increased bleeding from use of enoxaparin over
UFH"™. Moreover, a recent meta-analysis of 23 trials,
including 30966 patients undergoing PCI (33.1% PPCI
for STEMI, 28.2% rescue PCI, and 38.7% with non ST-
elevation ACS or stable patients), showed that enoxaparin
was associated with a significant relative and absolute
risk reduction of mortality, along with a significant re-
duction of major bleeding, especially in patients treated
with PPCI for STEMI™. Bivalirudin is a direct thrombin
inhibitor. In the HORIZONS-AMI trial™”, reporting on
3602 STEMI patients randomized to UFH plus a GPI or
to bivalirudin alone, the later showed lower major bleed-
ing rates at 30-d, 1 and 3 years™ ™ with significantly
lower rates of death from cardiac causes and all causes™.
Conversely, the use of bivalirudin was associated with
an initial increase in ST, which disappeared after 30 4P,
Based on these data, European guidelines recommend
the use of bivalirudin, over UFH, in STEMI patients,
with a Class I indication, level of evidence B, with use of
GPI restricted only to bailout™.

GPIs
GPIs (abciximab, tirofiban and eptifibatide) inhibit final

Raishidenge ~ WJC | www.wjgnet.com

common pathway of aggregation process by preventing
fibrinogen from binding to activated platelets and form-
ing white thrombus. All GPI agents have been found to
achieve their benefits by reducing the clot burden at the
epicardial coronary level, by improving microvascular
flow and reducing no-reflow and infarct size, and thus by
improving short- and long-term outcomes™ ", Although,
GPIs are frequently administered to ACS patients under-
going PCI, a strategy supported by several randomized
clinical trials, their role in STEMI patients, treated with
PPCI and dual antiplatelet therapy, has been conflicting,
especially because of bleeding concerns”™” . The most
profund evidence has been found for abciximab, which
remains the drug of choice in PPCI, in combination with
heparin®™”. The recent 2013 ACC/AHA guidelines'”
have given the routine use of upstream GPIs in STEMI
patients undergoing PPCI, a Class IIb recommenda-
tion. However, upstream administration of GPIs, may be
considered among high-risk patients within the first 4 h
from symptoms onset, when the larger amount of myo-
cardium at risk and viable myocardium may justify this
approach[(’[)]. Actually, the On-TIME 2 trial showed that
upstream administration of GPI was associated with a
higher rate of an open artery and a lower initial thrombus
burden, with these benefits restricted only to eatly pre-
senters (< 76 min)"". Therefore, GPIs, as stated by Euro-
pean gujdelines[4z], should be considered only for bailout
therapy (Class I a, C) if there is evidence of LTB, slow
or no-reflow or a thrombotic complication, or could be
administered upstream only in high-risk patients under-
going transfer for PPCI (Class II b, B). Generally, GPIs
are administered intravenously. Recently, intracoronary
bolus of abciximab has been tested, with the rationale
that intracoronary drug concentration may increase drug
efficacy, and that the continuous intravenous infusion
may not be beneficial to further improve outcomes, but
may increase the risk of bleeding, especially in the con-
temporary era of PPCI, in which more potent ADP re-
ceptor blockers and thrombus aspiration are available for
most of the STEMI patients. However, to achieve these
favorable effects, it is advisable to administer intracoro-
nary abciximab bolus after thrombus penetration by the
PCI guidewire, and when the risk of bleeding is an issue,
intracoronary bolus of GPI and no infusion strategy may
be useful. Some small studies showed infarct size reduc-
tion, decrease in microvascular obstruction, improvement
in the LVEF, and improvement in myocardial blush, but
no significant difference in the clinical outcomes with in-
tracoronary bolus admnistration of abciximab, with and
without subsequent infusion™*”. However, meta-analyses
published recently, demontrated not only a favorable ef-
fect of intracoronary bolus on TIMI flow, but also on
target vessel revascularization and short-term mortality
after PCI with no increase of bleeding complications®*".
In summary, the role of intracoronary bolus of GPIs still
need to be established by randomized trials comparing
intravenous and intracoronary GPIs administration, with
and without subsequent infusion, in combination with
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modern PPCI strategies.

Vasodilators

Vasodilators that have been used in PPCI setting include
nitroprusside, adenosine and diltiazem or verapamil.
When used, they are administered intracoronary, in order
to achieve a higher local concentration. Thus, they can
be delivered directly through the guiding catheter, or via
a distal over-the-wire balloon, infusion catheters or infu-
sion balloons'™

Adenosine is considered a cardio-protective agent,
because it antagonizes many of the factors implicated
in the reperfusion injury, and has been shown to reduce
post-ischemic ventricular dysfunction and myocite ne-
crosis and apoptosis. Moreover, several studies showed
beneficial effects on coronary flow", Compared to the
other drugs, adenosine has the advantage to have a very
short half-life, and therefore, adverse effects are rapidly
resolved.

Nitroprusside is a direct donor of nitric oxide, func-
tioning as a potent venous and arterial vasodilator.
Selective intracoronary nitroprusside administration is
safe, generally well-tolerated, and provides stimulus to
promote vascular dilation and improve tissue perfusion,
especially in patients who develop slow or no-reflow
after PCI. Moreover, if administered before balloon or
stenting angioplasty, intracoronary nitroprusside, as well
as adenosine, may decrease rates of no-reflow, increase
myocardial blush scores, and shorten procedural times. In
cases of impaired flow during PCI, combination therapy
of adenosine and nitroprusside has been shown to be
safe and provides better improvement in coronary flow
and MACE, as compared with adenosine alone™

Small trials suggest that there may be a role for pro-
phylactic use of intracoronary calcium channel blockers,
especially verapamil, because they seem to prevent no-re-
flow in some patients by reversing the calcium-mediated
distal microvascular spasm”""?.,

Although the benefit of intracoronary delivery of
adjunctive pharmacologic agents such as calcium channel
blockers, adenosine and nitroprusside is limited to small
studies showing reduction of embolization rates and not
clinical outcomes, they are still useful in the catheteriza-
tion laboratory.

Percutaneous devices

The rationale for thrombectomy and embolic protection
devices use is the reduction of the incidence of distal
embolization, and improvement of myocardial perfusion
and clinical outcomes. Particularly, thrombectomy devices
aim at reducing thrombus burden, while embolic protec-

tion devices aim at capturing the debris liberated during
PCI.

Thrombectomy devices

In the last years thrombectomy has emerged as a useful
tool to reduce thrombus burden and thus distal emboliza-
tion, further enhancing benefits of PPCI. Various throm-
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bectomy devices have been developed allowing manual
or mechanical removal of intracoronary thrombi. All
thrombectomy devices have shown benefits compared
with conventional PPCI, when surrogate endpoints, such
as angiographic flow assessment, LVEF assessment,
infarct size reduction by perfusion imaging, enzymatic
analysis and ST-segment resolution were used*** 77
To date evidences about hard endpoints from random-
ized controlled trials, comparing manual and mechanical
thrombectomy, are limited and even conflicting,

The REMEDIA trial, comparing thrombus aspiration
with the Diver CE (Invatec, Brescia, Italy) before PCI »s
conventional PPCI", showed no difference in clinical
outcomes or peak creatine kinase, muscle and brain (CK-
MB) elevation, but a significant improvement in perfu-
sion grades and in ST-segment resolution. The EXPIRA
trial, evaluating the Export catheter (Medtronic, Inc, Min-
neapolis, MN) in PPCI, demonstrated improvement in
surrogate markers, including myocardial blush grade and
ST-segment resolution”™. The TAPAS trial is the largest
randomized trial to date evaluating thrombus aspiration
in PPCI for STEMI™. It randomized 1071 patients and
demonstrated effective manual thrombus aspiration in
73% in the treatment group. There was a trend toward
less MACE at 30 d.

Recently, a direct and adjusted indirect meta-analysis
of studies on manual and mechanical thrombectomy
in PPCI for STEMI has been published®™. The direct
meta-analysis showed comparable rates of survival, re-
infarction and procedural outcomes between the two
groups, even though these results are limited in sample
size. On the contrary, the indirect meta-analysis showed a
supetior reduction in mortality with manual compared to
mechanical thrombectomy. When trials, such as TAPAS
and AIMI, with low percentage of patients with intra-
coronary thrombus (< 50%) at baseline, were excluded
from the analysis, the two strategies were comparable in
survival, but mechanical thrombectomy was associated
with a significant reduction in re-infarction and stroke™
This report lends support to mechanical thrombectomy,
which until now was looked upon with suspicion. Actu-
ally, despite more bulky and complex to use, mechanical
thrombectomy devices may provide mote consistent ad-
vantages in removal thrombus, because of their intrinsic
properties. To date, the negative results associated with
the use of mechanical thrombectomy devices, are mostly
driven by the results of the AIMI trial®] reporting on
480 patients randomized to AngioJet rheolytic thrombec-
tomy (RT) and standard PPCI. In this study, the AngioJet
RT group reported a higher final infarct size, a lower
final TIMI flow grade 3 and a higher 30-d MACE rate. It
has been speculated that the higher mortality observed
in these patients may be related to a very low (and unex-
pected) mortality of patients treated only by PPCI (0.8%
25 4.6%; P = 0.02)"™. Moreover, both operator experience
and the tecnique used, might have influenced mortality in
patients treated with AngioJet RT. Actually, in the AIMI
trial enrolling centers were low-volume centers without

June 26, 2014 | Volume 6 | Issue 6 |



Vecchio S et a/. Coronary thrombus in STEMI

extensive AngioJet experience, as resulted from the high
rate of coronary perforation. Furthermore, a retrograde
thrombectomy tecnique was used without activation of
the device prior to crossing the lesion, which might have
promoted distal embolization. Finally, angiographic evi-
dence of thrombus was absent in a large percentage of
both groups[sll. Conversely, the recently published JET-
STENT trial, evaluating 501 patients with LTB (thrombus
grade = 3) in large vessels (= 2.5 mm), randomized to
AngioJet RT prior to direct stent ss direct stent alone, re-
ported that patients treated with AngioJet showed a bet-
ter myocardial reperfusion, with a higher rate of early ST-
segment resolution (P = 0.043), without any significant
differences in secondary surrogate endpoints, such as in-
fart size at 1-mo scintigraphy, post-procedural TIMI flow
and corrected TIMI frame count. On the contrary, the
rate of MACE (i.c., death, myocardial infarction, repeated
revascularization and stroke) was significantly lower in
patients treated with AngioJet either at 1-mo (P = 0.043),
or 6-mo (P = 0.011) or 12-mo (P = 0.036) follow-up,
primarily driven by a lower incidence of death and time
to target vessel revascularization. This was attributed to
better myocardial perfusion and to better stent length and
diameter assessment following RT™,

Therefore, current evidences support the routine use
of manual thrombectomy devices in PPCI, and conse-
quently, manual thrombectomy received a Class 1 a indi-
cation in PPCI in the recent ESC guidelinesm. However,
when LTB is present, especially in large vessels and when
experienced operators are available, mechanical throm-
bectomy with AngioJet system should be considered.
Particularly, AngioJet may be very useful in patients with
STEMI due to stent thrombosis, in which the thrombotic
burden seems to be huge. A study published by Chechi ez
al’" showed that thrombus grade = 3 was observed in all
patients with STEMI due to stent thrombosis, compared
to 93.9% of patients with STEMI and de-novo coronary
thrombosis (P = 0.01). The OPTIMIST study, in which
110 patients with stent thrombosis treated by PCI have
been evaluated, showed that a sub-optimal coronary re-
perfusion was related to a worse outcome, even though
GPIs, intra-aortic balloon pump and mechanical throm-
bectomy devices were used. In this study, mechanical
thrombectomy devices were undetr-used: only 30% of
patients have been treated with these devices, and among
them few have been treated with Angio]et[sﬂ. Patients
treated with mechanical thrombectomy showed a better
coronary reperfusion, compared to patients in which me-

chanical thrombectomy devices were not used"”.

Embolic protection devices

Embolic protection devices (EPD) can be divided into
proximal and distal devices. Distal EPDs consist in filter-
wire or occlusive distal balloon systems, while the princi-
pal proximal EPD is represented by an occlusive proximal
balloon system (.., Proxis system). Few data are available
on proximal EPDs, while most of the data regard distal
EPDs. Distal EPDs were first used to protect from em-
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bolization associated with PCI in diseased saphenous vein
grafts, then after they were applied in PPCI setting for
STEMI to protect myocardium during intervention on
highly thrombotic lesions in native vessels.

The EMERALD trial demonstrated no significant im-
provements in the primary end points of myocardial re-
perfusion or infarct size with the use of the distal balloon
occlusion and aspiration system, GuardWire, despite the
removal of visible debris in a high proportion of patients
(73%)"™. The DEDICATION trial, evaluating patients
randomized to distal protection using a filter wire (Filter-
Wire-EZ), or a SpiderFX protection device, »s standard
PPCI without distal protection, showed no significant
difference in the primary endpoint of ST-segment resolu-
tion or in cardiac biomarker elevation or left ventricular
wall motion index, and found a higher MACCE rate with
distal protection[sﬂ. Thus, although, distal EPDs showed
favorable clinical benefits during PCI in saphenous vein
grafts, the results in PPCI setting for native vessel were
not so good. Resuming, no differences were reported on
ST-segment resolution, infarct size and MACE rates with
distal EPDs compared to standard PPCI*™*. These data
were confirmed by the meta-analysis by Kunadian ef a/*",
where the use of distal EPDs resulted in no decrease of
early mortality or recurrent myocardial infarction rate.
Probably, the absence of benefits with the use of distal
EPDs could be explained by the fact that such devices
can themselves induce distal embolization when cross-
ing highly thrombotic lesions and may not be completely
effective in preventing all debris from embolizing. Theo-
retically, compared to distal EPDs, proximal ones offer
the benefit of embolic protection without crossing the
thrombus, therefore avoiding added distal embolization,
while allowing effective thrombus removal. Conversely,
proximal EPDs, such as the Proxis device, have several
technical limitations contraindicating their use during
PPCI (ie., the presence of a stenosis within 15 mm of
the ostium or IRA proximal segment diameter < 2.5 or
> 4.5 mm, contraindicate the use of Proxis system), and
therefore making results on their use unconclusive. In the
setting of STEMI, use of the Proxis device demonstrated
an initial benefit in ST-resolution; however, this benefit
was not maintained over time with a late catch-up in the
control group.

Based on the above data, European guidelines did not
recommend routine use of distal EPDs!™.

Stenting strategies
PCI strategies, including selection of vascular access, tim-
ing of stenting, sizing and type of stent, are crucial to
further improve angiographic and clinical outcomes dut-
ing PPCI for STEMI, along with the use of adjunctive
pharmacologic drugs and thrombectomy devices.
Compared to elective procedure, PPCI is associated
with a higher rate of bleeding, because of the need for
potent antithrombotic and antiplatelet agents, mostly
related to the arterial puncture site. Radial approach has
been shown to reduce the incidence of acute bleeding
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events, both in ACS and STEMI patients, especially when
operators are skilled with this arterial approach®”.

The presence of a LTB in STEMI setting, may affect
stent apposition, correct stent sizing and final TIMI flow,
all of which ate predictors of acute ST. Thus, the best ap-
proach to stenting in PPCI seems to be thrombus guided,
as reported in the SINCERE database™. Based on this
strategy, if the extent of thrombus is small (TG 0-1),
direct stenting may be sufficient. Conversely, if more
significant thrombus burden is present (T'G 2-3), initial
aspiration with a manual device is usually prudent, by de-
creasing distal embolization and no-reflow; and facilitating
subsequent stenting. If thrombus burden is unchanged
after 2 passes, it is advisable to switch to a more aggres-
sive thrombectomy device, such as the Angiofet system.
If a very LTB is present (TG 4-5), manual thrombectomy
may be insufficient and AngioJet RT may be warranted””.
Actually, a LTB has been related to a very high rate of ST
(2); moreover, if not removed, thrombus compression or
displacement by the stent struts may cause distal embo-
lization and no-reflow in the acute phase during PPCI,
and in the long-term, with abluminal thrombus resolu-
tion, may cause late stent malapposition, thus increasing
the risk of late ST. Therefore, a strategy of delayed stent
implantation (DSI) after thrombus removal, compared
to immediate stent implantation (ISI), appears attractive.
To date, only few and small studies have been published
comparing these two strategies[wm], but they all showed
that DSI is associated with better microvascular perfu-
sion, less frequent distal embolization and no-reflow,
compared with ISI. Certainly, in STEMI setting with
LTB, DSI has to be weighed against the potential risk of
recurrent ischemia and bleeding episodes during the wait-
ing period before PCI. On the other hand, DSI could al-
low to perform PCI after full antithrombotic preparation,
enhancing clot lysis and thrombus dissolution, and after
enough time to “cool off” the culprit lesion, thus becom-
ing more stable with a reduced incidence of adverse an-
glographic events.

When a stenting strategy is applied, selection of the
approptiate stent diameter may be of particular impoz-
tance during PPCI, since stent undersizing is one of
the most powerful predictor of ST among non-elective
PCI™. Actually, the reference vessel diameter of the IRA
may be difficult to accurately assess during PPCI, because
of thrombus burden, cathecholamine stimulation and
inflammatory substances, that can contribute to general
and localized vasocosttiction”. Therefore, intracoronary
administration of nitrates is recommended before start-
ing the coronary angiographic sequence used for stent
size selection

Drug-eluting stents (DES) can be implanted during
PPCI for STEMI, with a reduced risk of repeated target
vessel revascularization, compared with bare-metal stents
(BMS)M. There have been concerns about increased risks
of very late ST and reinfarction with DES, compared
with BMS™. However, use of DES has not been associ-
ated with an increased risk of death, myocardial infarc-
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tion or ST on long-term follow—up[sz]. Moreover, newer
generations of DES seem to provide improved clinical
outcomes following PPCI, with a reduced incidence of
ST. The often spastic reaction of the IRA and the pres-
ence of LTB, may be the rationale for implanting stents
with progressive self-apposing after their implantation.
Interim results of the APPOSITION I trial, using self-
expanding BMS, are promising with a lower 30-d MACE
rate. Moreover, when a LTB is present, the use of special
mesh-covered stents can be useful in managing thrombi
and preventing distal embolization. There are some small
studies reporting on the use of the MGuard stent in
STEMI setting, documented promising surrogate results,
such as a better ST-resolution and a higher post-proce-
dural TIMI 3 flow rate, when compared to standard types

of stents” ™,

CONCLUSION

Since detection of intracoronary thrombi is associated
with distal embolization, myocardial damage and poor
clinical outcomes, several pharmacologic agents and in-
terventional adjunctive techniques need to be take in con-
sideration during PPCI for STEMI, as well as a correct
stenting strategy. The treatment during PPCI needs to
be modified with respect to the risk profile, thrombotic
burden, availability of medical resources and operators’
experience.

REFERENCES

1  Davies MJ, Thomas A. Thrombosis and acute coronary-
artery lesions in sudden cardiac ischemic death. N Engl |
Med 1984; 310: 1137-1140 [PMID: 6709008 DOI: 10.1056/
NEJM198405033101801]

Sianos G, Papafaklis MI, Daemen J, Vaina S, van Mieghem
CA, van Domburg RT, Michalis LK, Serruys PW. Angio-
graphic stent thrombosis after routine use of drug-eluting
stents in ST-segment elevation myocardial infarction: the
importance of thrombus burden. | Am Coll Cardiol 2007; 50:
573-583 [PMID: 17692740 DOI: 10.1016/j.jacc.2007.04.059]
Napodano M, Ramondo A, Tarantini G, Peluso D, Com-
pagno S, Fraccaro C, Frigo AC, Razzolini R, Iliceto S. Predic-
tors and time-related impact of distal embolization during
primary angioplasty. Eur Heart ] 2009; 30: 305-313 [PMID:
19153179 DOI: 10.1093/ eurheartj/ ehn594]

Fokkema ML, Vlaar PJ, Svilaas T, Vogelzang M, Amo D,
Diercks GF, Suurmeijer AJ, Zijlstra F. Incidence and clini-
cal consequences of distal embolization on the coronary
angiogram after percutaneous coronary intervention for ST-
elevation myocardial infarction. Eur Heart ] 2009; 30: 908-915
[PMID: 19224928 DOI: 10.1093/ eurheartj/ehp033]

Sianos G, Papafaklis MI, Serruys PW. Angiographic throm-
bus burden classification in patients with ST-segment eleva-
tion myocardial infarction treated with percutaneous coro-
nary intervention. | Invasive Cardiol 2010; 22: 6B-14B [PMID:
20947930]

6 Singh M, Berger PB, Ting HH, Rihal CS, Wilson SH, Lennon
RJ, Reeder GS, Bresnahan JF, Holmes DR. Influence of coro-
nary thrombus on outcome of percutaneous coronary angio-
plasty in the current era (the Mayo Clinic experience). Am |
Cardiol 2001; 88: 1091-1096 [PMID: 11703950 DOI: 10.1016/
50002-9149(01)02040-9]

Fukuda D, Tanaka A, Shimada K, Nishida Y, Kawarabayashi

June 26, 2014 | Volume 6 | Issue 6 |



10

11

12

13

14

15

16

17

18

19

20

21

22

JRaishideng®

Vecchio S et a/. Coronary thrombus in STEMI

T, Yoshikawa J. Predicting angiographic distal embolization
following percutaneous coronary intervention in patients
with acute myocardial infarction. Am | Cardiol 2003; 91:
403-407 [PMID: 12586252 DOI: 10.1016/S0002-9149(02)03233
2]

Iijima R, Shinji H, Ikeda N, Itaya H, Makino K, Funatsu A,
Yokouchi I, Komatsu H, Ito N, Nuruki H, Nakajima R, Na-
kamura M. Comparison of coronary arterial finding by intra-
vascular ultrasound in patients with “transient no-reflow”
versus “reflow” during percutaneous coronary intervention
in acute coronary syndrome. Am | Cardiol 2006; 97: 29-33
[PMID: 16377279 DOI: 10.1016/j.amjcard.2005.07.104]
Badimon L, Chesebro JH, Badimon JJ. Thrombus formation
on ruptured atherosclerotic plaques and rethrombosis on
evolving thrombi. Circulation 1992; 86: 11174-11185 [PMID:
1424053]

Grech ED, Ramsdale DR. Acute coronary syndrome: ST
segment elevation myocardial infarction. BM] 2003; 326:
1379-1381 [PMID: 12816828 DOI: 10.1136/bm;.326.7403.1379]
Ross R. Atherosclerosis--an inflammatory disease. N Engl |
Med 1999; 340: 115-126 [PMID: 9887164 DOI: 10.1056/ NEJM1
99901143400207]

Libby P, Ridker PM, Maseri A. Inflammation and atheroscle-
rosis. Circulation 2002; 105: 1135-1143 [PMID: 11877368 DOI:
10.1161/hc0902.104353]

Kobayashi S, Inoue N, Ohashi Y, Terashima M, Matsui K,
Mori T, Fujita H, Awano K, Kobayashi K, Azumi H, Ejiri
J, Hirata K, Kawashima S, Hayashi Y, Yokozaki H, Itoh H,
Yokoyama M. Interaction of oxidative stress and inflam-
matory response in coronary plaque instability: important
role of C-reactive protein. Arterioscler Thromb Vasc Biol
2003; 23: 1398-1404 [PMID: 12805076 DOI: 10.1161/01.
ATV.0000081637.36475.BC]

Falk E, Shah PK, Fuster V. Coronary plaque disruption. Cir-
culation 1995; 92: 657-671 [PMID: 7634481 DOI: 10.1161/01.
CIR.92.3.657]

Goldstein JA, Demetriou D, Grines CL, Pica M, Shoukfeh M,
O’Neill WW. Multiple complex coronary plaques in patients
with acute myocardial infarction. N Engl | Med 2000; 343:
915-922 [PMID: 11006367 DOI: 10.1056/NEJM2000092834313
03]

Burke AP, Kolodgie FD, Farb A, Weber DK, Malcom GT,
Smialek J, Virmani R. Healed plaque ruptures and sudden
coronary death: evidence that subclinical rupture has a role
in plaque progression. Circulation 2001; 103: 934-940 [PMID:
11181466 DOI: 10.1161/01.CIR.103.7.934]

Henriques de Gouveia R, van der Wal AC, van der Loos
CM, Becker AE. Sudden unexpected death in young adults.
Discrepancies between initiation of acute plaque complica-
tions and the onset of acute coronary death. Eur Heart | 2002;
23: 1433-1440 [PMID: 12208223 DOI: 10.1053/ euh;j.2002.3159]
Rittersma SZ, van der Wal AC, Koch KT, Piek JJ, Henriques
JP, Mulder K]J, Ploegmakers JP, Meesterman M, de Winter
R]. Plaque instability frequently occurs days or weeks before
occlusive coronary thrombosis: a pathological thrombectomy
study in primary percutaneous coronary intervention. Circu-
lation 2005; 111: 1160-1165 [PMID: 15723983 DOI: 10.1161/01.
CIR.0000157141.00778.AC]

Falk E. Coronary thrombosis: pathogenesis and clinical man-
ifestations. Am | Cardiol 1991; 68: 28B-35B [PMID: 1892065
DOI: 10.1016/0002-9149(91)90382-U]

Furie B, Furie BC. Mechanisms of thrombus formation. N
Engl ] Med 2008; 359: 938-949 [PMID: 18753650 DOI: 10.1056/
NEJMra0801082]

Davies MJ. The pathophysiology of acute coronary syn-
dromes. Heart 2000; 83: 361-366 [PMID: 10677422 DOI:
10.1136/heart.83.3.361]

Sherman CT, Litvack F, Grundfest W, Lee M, Hickey A,
Chaux A, Kass R, Blanche C, Matloff ], Morgenstern L. Coro-
nary angioscopy in patients with unstable angina pectoris. N

WJC | www.wjgnet.com

388

23

24

25

26

27

28

29

30

31

32

33

34

Engl | Med 1986; 315: 913-919 [PMID: 3489893 DOI: 10.1056/
NEJM198610093151501]

Gibson CM, de Lemos JA, Murphy SA, Marble SJ, McCabe
CH, Cannon CP, Antman EM, Braunwald E. Combination
therapy with abciximab reduces angiographically evident
thrombus in acute myocardial infarction: a TIMI 14 sub-
study. Circulation 2001; 103: 2550-2554 [PMID: 11382722 DOI:
10.1161/01.CIR.103.21.2550]

White CJ, Ramee SR, Collins TJ, Escobar AE, Karsan A,
Shaw D, Jain SP, Bass TA, Heuser RR, Teirstein S, Bonan
R, Walter PD, Smalling RW. Coronary thrombi increase
PTCA risk. Angioscopy as a clinical tool. Circulation 1996; 93:
253-258 [PMID: 8548896 DOI: 10.1161/01.CIR.93.2.253]
Henriques JP, Zijlstra F, Ottervanger JP, de Boer MJ, van ‘t
Hof AW, Hoorntje JC, Suryapranata H. Incidence and clini-
cal significance of distal embolization during primary angio-
plasty for acute myocardial infarction. Eur Heart | 2002; 23:
1112-1117 [PMID: 12090749 DOI: 10.1053/ euhj.2001.3035]
Svilaas T, Vlaar PJ, van der Horst IC, Diercks GF, de Smet
BJ, van den Heuvel AF, Anthonio RL, Jessurun GA, Tan
ES, Suurmeijer AJ, Zijlstra F. Thrombus aspiration during
primary percutaneous coronary intervention. N Engl | Med
2008; 358: 557-567 [PMID: 18256391 DOI: 10.1056/NE]-
Moa0706416]

Freeman MR, Williams AE, Chisholm R], Armstrong PW.
Intracoronary thrombus and complex morphology in un-
stable angina. Relation to timing of angiography and in-
hospital cardiac events. Circulation 1989; 80: 17-23 [PMID:
2736749 DOI: 10.1161/01.CIR.80.1.17]

Zhao XQ, Théroux P, Snapinn SM, Sax FL. Intracoro-
nary thrombus and platelet glycoprotein IIb/Illa recep-
tor blockade with tirofiban in unstable angina or non-Q-
wave myocardial infarction. Angiographic results from the
PRISM-PLUS trial (Platelet receptor inhibition for ischemic
syndrome management in patients limited by unstable
signs and symptoms). PRISM-PLUS Investigators. Circula-
tion 1999; 100: 1609-1615 [PMID: 10517731 DOI: 10.1161/01.
CIR.100.15.1609]

Napodano M, Pasquetto G, Sacca S, Cernetti C, Scarabeo
V, Pascotto P, Reimers B. Intracoronary thrombectomy im-
proves myocardial reperfusion in patients undergoing direct
angioplasty for acute myocardial infarction. ] Am Coll Cardiol
2003; 42: 1395-1402 [PMID: 14563581 DOI: 10.1016/50735-109
7(03)01041-6]

Kirma C, Izgi A, Dundar C, Tanalp AC, Oduncu V, Aung
SM, Sonmez K, Mutlu B, Ozdemir N, Erentug V. Clinical
and procedural predictors of no-reflow phenomenon after
primary percutaneous coronary interventions: experience at
a single center. Circ ] 2008; 72: 716-721 [PMID: 18441449 DOI:
10.1253/ circj.72.716]

Chechi T, Vecchio S, Vittori G, Giuliani G, Lilli A, Spaziani G,
Consoli L, Baldereschi G, Biondi-Zoccai GG, Sheiban I, Mar-
gheri M. ST-segment elevation myocardial infarction due to
early and late stent thrombosis a new group of high-risk pa-
tients. ] Am Coll Cardiol 2008; 51: 2396-2402 [PMID: 18565395
DOI: 10.1016/j.jacc.2008.01.070]

Yunoki K, Naruko T, Inoue T, Sugioka K, Inaba M, Iwasa Y,
Komatsu R, Itoh A, Haze K, Yoshiyama M, Becker AE, Ueda
M. Relationship of thrombus characteristics to the incidence
of angiographically visible distal embolization in patients
with ST-segment elevation myocardial infarction treated
with thrombus aspiration. JACC Cardiovasc Interv 2013; 6:
377-385 [PMID: 23523458 DOI: 10.1016/j.jcin.2012.11.011]
Fuster V, Badimon L, Cohen M, Ambrose JA, Badimon JJ,
Chesebro J. Insights into the pathogenesis of acute ischemic
syndromes. Circulation 1988; 77: 1213-1220 [PMID: 3286036
DOI: 10.1161/01.CIR.77.6.1213]

Thim T, Hagensen MK, Bentzon JF, Falk E. From vulnerable
plaque to atherothrombosis. | Intern Med 2008; 263: 506-516
[PMID: 18410594 DOI: 10.1111/j.1365-2796.2008.01947.x]

June 26, 2014 | Volume 6 | Issue 6 |



35

36

37

38

39

40

41

42

43

44

45

46

JBaishideng®

Naruko T, Ueda M, Haze K, van der Wal AC, van der Loos
CM, Itoh A, Komatsu R, Ikura Y, Ogami M, Shimada Y,
Ehara S, Yoshiyama M, Takeuchi K, Yoshikawa ], Becker AE.
Neutrophil infiltration of culprit lesions in acute coronary
syndromes. Circulation 2002; 106: 2894-2900 [PMID: 12460868
DOI: 10.1161/01.CIR.0000042674.89762.20]

Yunoki K, Naruko T, Sugioka K, Inaba M, Iwasa Y, Komatsu
R, Itoh A, Haze K, Inoue T, Yoshiyama M, Becker AE, Ueda
M. Erythrocyte-rich thrombus aspirated from patients with
ST-elevation myocardial infarction: association with oxida-
tive stress and its impact on myocardial reperfusion. Eur
Heart ] 2012; 33: 1480-1490 [PMID: 22240493 DOI: 10.1093/
eurheartj/ehr486]

Arakawa K, Yasuda S, Hao H, Kataoka Y, Morii I, Kasahara
Y, Kawamura A, Ishibashi-Ueda H, Miyazaki S. Significant
association between neutrophil aggregation in aspirated
thrombus and myocardial damage in patients with ST-
segment elevation acute myocardial infarction. Circ | 2009;
73:139-144 [PMID: 19047776 DOI: 10.1253/ circj.CJ-08-0609]
Verouden NJ, Kramer MC, Li X, Meuwissen M, Koch KT,
Henriques JP, Baan ], Vis MM, Piek J], van der Wal AC, Tijs-
sen JG, de Winter R]. Histopathology of aspirated thrombus
and its association with ST-segment recovery in patients un-
dergoing primary percutaneous coronary intervention with
routine thrombus aspiration. Catheter Cardiovasc Interv 2011;
77: 35-42 [PMID: 20506526 DOI: 10.1002/ ccd.22616]

Kurt M, Karakas MF, Buyukkaya E, Akcay AB, Sen N. Rela-
tion of angiographic thrombus burden with electrocardio-
graphic grade III ischemia in patients with ST-segment el-
evation myocardial infarction. Clin Appl Thromb Hemost 2014;
20: 31-36 [PMID: 23406613]

Wolak A, Yaroslavtsev S, Amit G, Birnbaum Y, Cafri C, Atar
S, Gilutz H, Ilia R, Zahger D. Grade 3 ischemia on the admis-
sion electrocardiogram predicts failure of ST resolution and
of adequate flow restoration after primary percutaneous
coronary intervention for acute myocardial infarction. Am
Heart ] 2007; 153: 410-417 [PMID: 17307421 DOI: 10.1016/
j-ahj.2006.12.004]

Tanboga IH, Topcu S, Aksakal E, Kalkan K, Sevimli S,
Acikel M. Determinants of Angiographic Thrombus Burden
in Patients With ST-Segment Elevation Myocardial Infarc-
tion. Clin Appl Thromb Hemost 2013; Epub ahead of print
[PMID: 23539672]

Steg PG, James SK, Atar D, Badano LP, Blomstrom-Lun-
dqvist C, Borger MA, Di Mario C, Dickstein K, Ducrocq G,
Fernandez-Aviles F, Gershlick AH, Giannuzzi P, Halvorsen
S, Huber K, Juni P, Kastrati A, Knuuti J, Lenzen MJ, Ma-
haffey KW, Valgimigli M, van ‘t Hof A, Widimsky P, Zahger
D. ESC Guidelines for the management of acute myocardial
infarction in patients presenting with ST-segment eleva-
tion. Eur Heart ] 2012; 33: 2569-2619 [PMID: 22922416 DOI:
10.1093/ eurheartj/ehs215]

Grines CL, Browne KF, Marco J, Rothbaum D, Stone GW,
O’Keefe ], Overlie P, Donohue B, Chelliah N, Timmis GC.
A comparison of immediate angioplasty with thrombolytic
therapy for acute myocardial infarction. The Primary An-
gioplasty in Myocardial Infarction Study Group. N Engl
] Med 1993; 328: 673-679 [PMID: 8433725 DOI: 10.1056/
NEJM199303113281001]

Keeley EC, Boura JA, Grines CL. Primary angioplasty versus
intravenous thrombolytic therapy for acute myocardial in-
farction: a quantitative review of 23 randomised trials. Lancet
2003; 361: 13-20 [PMID: 12517460 DOI: 10.1016/50140-6736(0
3)12113-7]

Rezkalla SH, Kloner RA. Coronary no-reflow phenomenon:
from the experimental laboratory to the cardiac catheteriza-
tion laboratory. Catheter Cardiovasc Interv 2008; 72: 950-957
[PMID: 19021281 DOI: 10.1002/ ccd.21715]

Van de Werf F, Bax ], Betriu A, Blomstrom-Lundqvist C,
Crea F, Falk V, Filippatos G, Fox K, Huber K, Kastrati A,

WJC | www.wjgnet.com

47

48

49

50

51

52

53

54

55

Vecchio S et a/. Coronary thrombus in STEMI

Rosengren A, Steg PG, Tubaro M, Verheugt F, Weidinger
F, Weis M. Management of acute myocardial infarction in
patients presenting with persistent ST-segment elevation:
the Task Force on the Management of ST-Segment Eleva-
tion Acute Myocardial Infarction of the European Society of
Cardiology. Eur Heart ] 2008; 29: 2909-2945 [PMID: 19004841
DOI: 10.1093/ eurheartj/ ehn416]

O’Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung
MK, de Lemos JA, Ettinger SM, Fang JC, Fesmire FM, Frank-
lin BA, Granger CB, Krumholz HM, Linderbaum JA, Mor-
row DA, Newby LK, Ornato JP, Ou N, Radford M], Tamis-
Holland JE, Tommaso JE, Tracy CM, Woo Y], Zhao DX. 2013
ACCF/AHA guideline for the management of ST-elevation
myocardial infarction: executive summary: a report of the
American College of Cardiology Foundation/American
Heart Association Task Force on Practice Guidelines. Circula-
tion 2013; 127: 529-555 [PMID: 23247303 DOI: 10.1161/CIR.0
b013e3182742c84]

Montalescot G, Zeymer U, Silvain ], Boulanger B, Cohen
M, Goldstein P, Ecollan P, Combes X, Huber K, Pollack C,
Bénezet JF, Stibbe O, Filippi E, Teiger E, Cayla G, Elhadad
S, Adnet F, Chouihed T, Gallula S, Greffet A, Aout M, Col-
let JP, Vicaut E. Intravenous enoxaparin or unfractionated
heparin in primary percutaneous coronary intervention for
ST-elevation myocardial infarction: the international ran-
domised open-label ATOLL trial. Lancet 2011; 378: 693-703
[PMID: 21856483 DOI: 10.1016/50140-6736(11)60876-3]
Silvain J, Beygui F, Barthélémy O, Pollack C, Cohen M,
Zeymer U, Huber K, Goldstein P, Cayla G, Collet JP, Vicaut
E, Montalescot G. Efficacy and safety of enoxaparin versus
unfractionated heparin during percutaneous coronary inter-
vention: systematic review and meta-analysis. BV] 2012; 344:
€553 [PMID: 22306479 DOI: 10.1136/ bmj.e553]

Stone GW, Witzenbichler B, Guagliumi G, Peruga JZ, Brodie
BR, Dudek D, Kornowski R, Hartmann F, Gersh BJ, Pocock
SJ, Dangas G, Wong SC, Kirtane AJ, Parise H, Mehran R. Bi-
valirudin during primary PCI in acute myocardial infarction.
N Engl | Med 2008; 358: 2218-2230 [PMID: 18499566 DOI:
10.1056/ NEJMoa0708191]

Mehran R, Lansky AJ, Witzenbichler B, Guagliumi G, Pe-
ruga JZ, Brodie BR, Dudek D, Kornowski R, Hartmann F,
Gersh BJ, Pocock SJ, Wong SC, Nikolsky E, Gambone L,
Vandertie L, Parise H, Dangas GD, Stone GW. Bivalirudin
in patients undergoing primary angioplasty for acute myo-
cardial infarction (HORIZONS-AMI): 1-year results of a ran-
domised controlled trial. Lancet 2009; 374: 1149-1159 [PMID:
19717185 DOI: 10.1016/50140-6736(09)61484-7]

Stone GW, Witzenbichler B, Guagliumi G, Peruga JZ, Brodie
BR, Dudek D, Kornowski R, Hartmann F, Gersh BJ, Pocock
SJ, Dangas G, Wong SC, Fahy M, Parise H, Mehran R. Hepa-
rin plus a glycoprotein IIb/Illa inhibitor versus bivalirudin
monotherapy and paclitaxel-eluting stents versus bare-metal
stents in acute myocardial infarction (HORIZONS-AMI): fi-
nal 3-year results from a multicentre, randomised controlled
trial. Lancet 2011; 377: 2193-2204 [PMID: 21665265 DOI:
10.1016/50140-6736(11)60764-2]

de Lemos JA, Antman EM, Gibson CM, McCabe CH, Giug-
liano RP, Murphy SA, Coulter SA, Anderson K, Scherer J,
Frey M], Van Der Wieken R, Van De Werf F, Braunwald E.
Abciximab improves both epicardial flow and myocardial
reperfusion in ST-elevation myocardial infarction. Observa-
tions from the TIMI 14 trial. Circulation 2000; 101: 239-243
[PMID: 10645918 DOI: 10.1161/01.CIR.101.3.239]

Neumann FJ, Blasini R, Schmitt C, Alt E, Dirschinger ],
Gawaz M, Kastrati A, Schomig A. Effect of glycoprotein IIb/
IIIa receptor blockade on recovery of coronary flow and left
ventricular function after the placement of coronary-artery
stents in acute myocardial infarction. Circulation 1998; 98:
2695-2701 [PMID: 9851955 DOI: 10.1161/01.CIR.98.24.2695]
Van't Hof AW, Ten Berg ], Heestermans T, Dill T, Funck RC,

June 26, 2014 | Volume 6 | Issue 6 |



56

57

58

59

60

61

62

63

64

JRaishideng®

Vecchio S et a/. Coronary thrombus in STEMI

van Werkum W, Dambrink JH, Suryapranata H, van Hou-
welingen G, Ottervanger JP, Stella P, Giannitsis E, Hamm C.
Prehospital initiation of tirofiban in patients with ST-eleva-
tion myocardial infarction undergoing primary angioplasty
(On-TIME 2): a multicentre, double-blind, randomised con-
trolled trial. Lancet 2008; 372: 537-546 [PMID: 18707985 DOI:
10.1016/50140-6736(08)61235-0]

Ellis SG, Tendera M, de Belder MA, van Boven AJ, Wi-
dimsky P, Janssens L, Andersen HR, Betriu A, Savonitto S,
Adamus ], Peruga JZ, Kosmider M, Katz O, Neunteufl T,
Jorgova ], Dorobantu M, Grinfeld L, Armstrong P, Brodie
BR, Herrmann HC, Montalescot G, Neumann FJ, Effron MB,
Barnathan ES, Topol EJ. Facilitated PCI in patients with ST-
elevation myocardial infarction. N Engl | Med 2008; 358:
2205-2217 [PMID: 18499565 DOI: 10.1056/ NEJMo0a0706816]
Montalescot G, Barragan P, Wittenberg O, Ecollan P, Elha-
dad S, Villain P, Boulenc JM, Morice MC, Maillard L, Pan-
siéri M, Choussat R, Pinton P. Platelet glycoprotein IIb/IIla
inhibition with coronary stenting for acute myocardial in-
farction. N Engl ] Med 2001; 344: 1895-1903 [PMID: 11419426
DOI: 10.1056/ NEJM200106213442503]

Montalescot G, Antoniucci D, Kastrati A, Neumann FJ,
Borentain M, Migliorini A, Boutron C, Collet JP, Vicaut E.
Abciximab in primary coronary stenting of ST-elevation
myocardial infarction: a European meta-analysis on individ-
ual patients” data with long-term follow-up. Eur Heart | 2007;
28: 443-449 [PMID: 17251257 DOI: 10.1093/ eurheartj/ ehl472]
De Luca G, Suryapranata H, Stone GW, Antoniucci D, Tch-
eng JE, Neumann FJ, Van de Werf F, Antman EM, Topol EJ.
Abciximab as adjunctive therapy to reperfusion in acute ST-
segment elevation myocardial infarction: a meta-analysis
of randomized trials. JAMA 2005; 293: 1759-1765 [PMID:
15827315 DOI: 10.1001 /jama.293.14.1759]

De Luca G. Glycoprotein Ilb-1lla inhibitors. Cardiovasc Ther
2012; 30: e242-e254 [PMID: 21974972 DOI: 10.1111/j.1755-592
2.2011.00293.x]

Hermanides RS, van Werkum JW, Ottervanger JP, Breet NJ,
Gosselink AT, van Houwelingen KG, Dambrink JH, Hamm
C, ten Berg JM, van 't Hof AW. The effect of pre-hospital
glycoprotein IIb-Illa inhibitors on angiographic outcome in
STEMI patients who are candidates for primary PCI. Catheter
Cardiovasc Interv 2012; 79: 956-964 [PMID: 22162050 DOI:
10.1002/ ccd.23165]

Gu YL, Kampinga MA, Wieringa WG, Fokkema ML, Nijsten
MW, Hillege HL, van den Heuvel AF, Tan ES, Pundziute
G, van der Werf R, Hoseyni Guyomi S, van der Horst IC,
Zijlstra F, de Smet B]. Intracoronary versus intravenous
administration of abciximab in patients with ST-segment
elevation myocardial infarction undergoing primary percu-
taneous coronary intervention with thrombus aspiration: the
comparison of intracoronary versus intravenous abciximab
administration during emergency reperfusion of ST-segment
elevation myocardial infarction (CICERO) trial. Circulation
2010; 122: 2709-2717 [PMID: 21098442 DOI: 10.1161/ CIRCU-
LATIONAHA.110.002741]

Thiele H, Schindler K, Friedenberger ], Eitel I, Fiirnau G,
Grebe E, Erbs S, Linke A, Mébius-Winkler S, Kivelitz D,
Schuler G. Intracoronary compared with intravenous bo-
lus abciximab application in patients with ST-elevation
myocardial infarction undergoing primary percutaneous
coronary intervention: the randomized Leipzig immediate
percutaneous coronary intervention abciximab IV versus
IC in ST-elevation myocardial infarction trial. Circulation
2008; 118: 49-57 [PMID: 18559698 DOI: 10.1161/ CIRCULA-
TIONAHA.107.747642]

Eitel I, Friedenberger J, Fuernau G, Dumjahn A, Desch S,
Schuler G, Thiele H. Intracoronary versus intravenous bolus
abciximab application in patients with ST-elevation myocar-
dial infarction undergoing primary percutaneous coronary
intervention: 6-month effects on infarct size and left ven-

WJC | www.wjgnet.com

390

65

66

67

68

69

70

71

72

73

74

75

tricular function. The randomised Leipzig Immediate Percu-
taneouS Coronary Intervention Abciximab i.v. versus i.c. in
ST-Elevation Myocardial Infarction Trial (LIPSIAbciximab-
STEMI). Clin Res Cardiol 2011; 100: 425-432 [PMID: 21125288
DOI: 10.1007 /500392-010-0260-5]

Bertrand OF, Rodés-Cabau ], Larose E, Rinfret S, Gaud-
reault V, Proulx G, Barbeau G, Déry JP, Gleeton O, Manh-
Nguyen C, Noél B, Roy L, Costerousse O, De Larochelliere
R. Intracoronary compared to intravenous Abciximab and
high-dose bolus compared to standard dose in patients with
ST-segment elevation myocardial infarction undergoing
transradial primary percutaneous coronary intervention: a
two-by-two factorial placebo-controlled randomized study.
Am | Cardiol 2010; 105: 1520-1527 [PMID: 20494655 DOI:
10.1016/j.amjcard.2010.01.006]

Shimada Y], Nakra NC, Fox ]JT, Kanei Y. Meta-analysis of
prospective randomized controlled trials comparing intra-
coronary versus intravenous abciximab in patients with ST-
elevation myocardial infarction undergoing primary percuta-
neous coronary intervention. Am | Cardiol 2012; 109: 624-628
[PMID: 22152971 DOI: 10.1016/j.amjcard.2011.10.016]
Friedland S, Eisenberg M]J, Shimony A. Meta-analysis of
randomized controlled trials of intracoronary versus intra-
venous administration of glycoprotein IIb/IIla inhibitors
during percutaneous coronary intervention for acute coro-
nary syndrome. Am | Cardiol 2011; 108: 1244-1251 [PMID:
22000626 DOI: 10.1016/j.amjcard.2011.06.039]

Mehta S, Alfonso CE, Oliveros E, Shamshad F, Flores Al,
Cohen S, Falcdo E. Adjunct therapy in STEMI intervention.
Cardiol Clin 2010; 28: 107-125 [PMID: 19962053 DOI: 10.1016/
j.cc1.2009.09.005]

Micari A, Belcik TA, Balcells EA, Powers E, Wei K, Kaul S,
Lindner JR. Improvement in microvascular reflow and re-
duction of infarct size with adenosine in patients undergoing
primary coronary stenting. Am | Cardiol 2005; 96: 1410-1415
[PMID: 16275189 DOI: 10.1016/j.amjcard.2005.06.090]
Movahed MR, Baweja G. Distal administration of very high
doses of intracoronary adenosine for the treatment of re-
sistant no-reflow. Exp Clin Cardiol 2008; 13: 141-143 [PMID:
19343130]

Pomerantz RM, Kuntz RE, Diver D], Safian RD, Baim DS.
Intracoronary verapamil for the treatment of distal micro-
vascular coronary artery spasm following PTCA. Cathet
Cardiovasc Diagn 1991; 24: 283-285 [PMID: 1756566 DOI:
10.1002/ ccd.1810240414]

Kaplan BM, Benzuly KH, Kinn JW, Bowers TR, Tilli FV,
Grines CL, O’Neill WW, Safian RD. Treatment of no-reflow
in degenerated saphenous vein graft interventions: com-
parison of intracoronary verapamil and nitroglycerin. Cathet
Cardiovasc Diagn 1996; 39: 113-118 [PMID: 8922307 DOI: 10.10
02/ (SICI)1097-0304(199610)39:2<113::AID-CCD1>3.0.CO;2-1]
Burzotta F, Trani C, Romagnoli E, Mazzari MA, Rebuzzi AG,
De Vita M, Garramone B, Giannico F, Niccoli G, Biondi-Zoc-
cai GG, Schiavoni G, Mongiardo R, Crea F. Manual throm-
bus-aspiration improves myocardial reperfusion: the ran-
domized evaluation of the effect of mechanical reduction of
distal embolization by thrombus-aspiration in primary and
rescue angioplasty (REMEDIA) trial. ] Am Coll Cardiol 2005;
46: 371-376 [PMID: 16022970 DOI: 10.1016/j.jacc.2005.04.057]
De Luca L, Sardella G, Davidson CJ, De Persio G, Beraldi M,
Tommasone T, Mancone M, Nguyen BL, Agati L, Gheorghi-
ade M, Fedele F. Impact of intracoronary aspiration throm-
bectomy during primary angioplasty on left ventricular re-
modelling in patients with anterior ST elevation myocardial
infarction. Heart 2006; 92: 951-957 [PMID: 16251226 DOI:
10.1136/hrt.2005.074716]

Ikari Y, Sakurada M, Kozuma K, Kawano S, Katsuki T,
Kimura K, Suzuki T, Yamashita T, Takizawa A, Misumi K,
Hashimoto H, Isshiki T. Upfront thrombus aspiration in
primary coronary intervention for patients with ST-segment

June 26, 2014 | Volume 6 | Issue 6 |



76

77

78

79

80

81

82

83

84

JRaishideng®

elevation acute myocardial infarction: report of the VAM-
PIRE (VAcuuM asPlIration thrombus REmoval) trial. JACC
Cardiovasc Interv 2008; 1: 424-431 [PMID: 19463340 DOI:
10.1016/j.jcin.2008.06.004]

Kaltoft A, Bottcher M, Nielsen SS, Hansen HH, Terkelsen C,
Maeng M, Kristensen ], Thuesen L, Krusell LR, Kristensen
SD, Andersen HR, Lassen JF, Rasmussen K, Rehling M,
Nielsen TT, Botker HE. Routine thrombectomy in percutane-
ous coronary intervention for acute ST-segment-elevation
myocardial infarction: a randomized, controlled trial. Circu-
lation 2006; 114: 40-47 [PMID: 16801464 DOI: 10.1161/CIR-
CULATIONAHA.105.595660]

Lefévre T, Garcia E, Reimers B, Lang I, di Mario C, Colombo
A, Neumann FJ, Chavarri MV, Brunel P, Grube E, Thomas M,
Glatt B, Ludwig ]. X-sizer for thrombectomy in acute myo-
cardial infarction improves ST-segment resolution: results of
the X-sizer in AMI for negligible embolization and optimal
ST resolution (X AMINE ST) trial. ] Am Coll Cardiol 2005; 46:
246-252 [PMID: 16022950 DOI: 10.1016/j.jacc.2005.04.031]
Sardella G, Mancone M, Bucciarelli-Ducci C, Agati L, Scar-
dala R, Carbone I, Francone M, Di Roma A, Benedetti G,
Conti G, Fedele F. Thrombus aspiration during primary
percutaneous coronary intervention improves myocardial
reperfusion and reduces infarct size: the EXPIRA (thrombec-
tomy with export catheter in infarct-related artery during
primary percutaneous coronary intervention) prospective,
randomized trial. ] Am Coll Cardiol 2009; 53: 309-315 [PMID:
19161878 DOI: 10.1016/j.jacc.2008.10.017]

Silva-Orrego P, Colombo P, Bigi R, Gregori D, Delgado A,
Salvade P, Oreglia ], Orrico P, de Biase A, Piccald G, Bossi
I, Klugmann S. Thrombus aspiration before primary angio-
plasty improves myocardial reperfusion in acute myocardial
infarction: the DEAR-MI (Dethrombosis to Enhance Acute
Reperfusion in Myocardial Infarction) study. | Am Coll
Cardiol 2006; 48: 1552-1559 [PMID: 17045887 DOI: 10.1016/
jjacc.2006.03.068]

Navarese EP, Tarantini G, Musumeci G, Napodano M, Ros-
sini R, Kowalewski M, Szczesniak A, Kolodziejczak M, Ku-
bica J. Manual vs mechanical thrombectomy during PCI for
STEMI: a comprehensive direct and adjusted indirect meta-
analysis of randomized trials. Am | Cardiovasc Dis 2013; 3:
146-157 [PMID: 23991349]

Ali A, Cox D, Dib N, Brodie B, Berman D, Gupta N, Browne
K, Iwaoka R, Azrin M, Stapleton D, Setum C, Popma J. Rheo-
lytic thrombectomy with percutaneous coronary interven-
tion for infarct size reduction in acute myocardial infarction:
30-day results from a multicenter randomized study. | Am
Coll Cardiol 2006; 48: 244-252 [PMID: 16843170 DOI: 10.1016/
j-jacc.2006.03.044]

Migliorini A, Stabile A, Rodriguez AE, Gandolfo C, Ro-
driguez Granillo AM, Valenti R, Parodi G, Neumann FJ,
Colombo A, Antoniucci D. Comparison of AngioJet rheo-
lytic thrombectomy before direct infarct artery stenting
with direct stenting alone in patients with acute myocardial
infarction. The JETSTENT trial. ] Am Coll Cardiol 2010; 56:
1298-1306 [PMID: 20691553 DOI: 10.1016/jjacc.2010.06.011]
Burzotta F, Parma A, Pristipino C, Manzoli A, Belloni F,
Sardella G, Rigattieri S, Danesi A, Mazzarotto P, Summaria
F, Romagnoli E, Prati F, Trani C, Crea F. Angiographic and
clinical outcome of invasively managed patients with throm-
bosed coronary bare metal or drug-eluting stents: the OPTI-
MIST study. Eur Heart ] 2008; 29: 3011-3021 [PMID: 18987096
DOI: 10.1093/ eurheartj/ ehn479]

Stone GW, Webb J, Cox DA, Brodie BR, Qureshi M, Kal-
ynych A, Turco M, Schultheiss HP, Dulas D, Rutherford BD,
Antoniucci D, Krucoff MW, Gibbons R], Jones D, Lansky
AJ, Mehran R. Distal microcirculatory protection during
percutaneous coronary intervention in acute ST-segment el-
evation myocardial infarction: a randomized controlled trial.
JAMA 2005; 293: 1063-1072 [PMID: 15741528 DOI: 10.1001/

WJC | www.wjgnet.com

391

85

86

87

88

89

90

91

92

93

94

95

Vecchio S et a/. Coronary thrombus in STEMI

jama.293.9.1063]

Kelbaek H, Terkelsen CJ, Helqvist S, Lassen JF, Clemmensen
P, Klgvgaard L, Kaltoft A, Engstrom T, Betker HE, Saunama-
ki K, Krusell LR, Jorgensen E, Hansen HH, Christiansen EH,
Ravkilde J, Kgber L, Kofoed KF, Thuesen L. Randomized
comparison of distal protection versus conventional treat-
ment in primary percutaneous coronary intervention: the
drug elution and distal protection in ST-elevation myocar-
dial infarction (DEDICATION) trial. ] Am Coll Cardiol 2008;
51: 899-905 [PMID: 18308157 DOI: 10.1016/j.jacc.2007.10.047]
Gick M, Jander N, Bestehorn HP, Kienzle RP, Ferenc M,
Werner K, Comberg T, Peitz K, Zohlnhéfer D, Bassignana
V, Buettner HJ, Neumann FJ. Randomized evaluation of the
effects of filter-based distal protection on myocardial perfu-
sion and infarct size after primary percutaneous catheter
intervention in myocardial infarction with and without ST-
segment elevation. Circulation 2005; 112: 1462-1469 [PMID:
16129793 DOI: 10.1161/ CIRCULATIONAHA.105.545178]
Kunadian B, Dunning ], Vijayalakshmi K, Thornley AR,
de Belder MA. Meta-analysis of randomized trials compar-
ing anti-embolic devices with standard PCI for improving
myocardial reperfusion in patients with acute myocardial
infarction. Catheter Cardiovasc Interv 2007; 69: 488-496 [PMID:
17286249 DOI: 10.1002/ ccd.20990]

Mehta S, Briceno R, Alfonso C, Bhatt M. Lessons from the
Single INdividual Community Experience REgistry for
Primary PCI (SINCERE) Database. In: Kappur R, editor.
Textbook of STEMI interventions. Miami (FL): HMP Com-
munications, 2008: 130-167

Tang L, Zhou SH, Hu XQ, Fang ZF, Shen XQ. Effect of de-
layed vs immediate stent implantation on myocardial perfu-
sion and cardiac function in patients with ST-segment eleva-
tion myocardial infarction undergoing primary percutaneous
intervention with thrombus aspiration. Can ] Cardiol 2011; 27:
541-547 [PMID: 21963056 DOI: 10.1016/j.cjca.2011.03.001]
Meneveau N, Séronde MF, Descotes-Genon V, Dutheil J,
Chopard R, Ecarnot F, Briand F, Bernard Y, Schiele F, Bas-
sand JP. Immediate versus delayed angioplasty in infarct-
related arteries with TIMI III flow and ST segment recov-
ery: a matched comparison in acute myocardial infarction
patients. Clin Res Cardiol 2009; 98: 257-264 [PMID: 19205776
DOI: 10.1007/s00392-009-0756-z]

Cafri C, Svirsky R, Zelingher J, Slutky O, Kobal S, Weinstein
JM, llia R, Gilutz H. Improved procedural results in coronary
thrombosis are obtained with delayed percutaneous coro-
nary interventions. | Invasive Cardiol 2004; 16: 69-71 [PMID:
14760194]

van Werkum JW, Heestermans AA, Zomer AC, Kelder JC,
Suttorp MJ, Rensing BJ, Koolen JJ, Brueren BR, Dambrink JH,
Hautvast RW, Verheugt FW, ten Berg JM. Predictors of coro-
nary stent thrombosis: the Dutch Stent Thrombosis Registry.
J Am Coll Cardiol 2009; 53: 1399-1409 [PMID: 19371823 DOI:
10.1016/j.jacc.2008.12.055]

Cristea E, Stone GW, Mehran R, Kirtane A]J, Brener SJ.
Changes in reference vessel diameter in ST-segment eleva-
tion myocardial infarction after primary percutaneous coro-
nary intervention: implications for appropriate stent sizing.
Am Heart ] 2011; 162: 173-177 [PMID: 21742105 DOI: 10.1016/
j-ahj.2011.04.016]

Kastrati A, Dibra A, Spaulding C, Laarman GJ, Menichelli
M, Valgimigli M, Di Lorenzo E, Kaiser C, Tierala I, Mehilli J,
Seyfarth M, Varenne O, Dirksen MT, Percoco G, Varricchio A,
Pittl U, Syvéanne M, Suttorp MJ, Violini R, Schémig A. Meta-
analysis of randomized trials on drug-eluting stents vs. bare-
metal stents in patients with acute myocardial infarction. Eur
Heart ] 2007; 28: 2706-2713 [PMID: 17901079 DOI: 10.1093/
eurheartj/ehm402]

Stone GW, Abizaid A, Silber S, Dizon JM, Merkely B, Costa
RA, Kornowski R, Abizaid A, Wojdyta R, Maehara A,
Dressler O, Brener SJ, Bar E, Dudek D. Prospective, Random-

June 26, 2014 | Volume 6 | Issue 6 |



96

JRaishideng®

Vecchio S et a/. Coronary thrombus in STEMI

ized, Multicenter Evaluation of a Polyethylene Terephthal-
ate Micronet Mesh-Covered Stent (MGuard) in ST-Segment
Elevation Myocardial Infarction: The MASTER Trial. | Am
Coll Cardiol 2012; Epub ahead of print [PMID: 23103033 DOI:
10.1016/j.jacc.2012.09.004]

Lindefjeld DS, Guarda E, Méndez M, Martinez A, Pérez
O, Fajuri A, Marchant E, Aninat M, Torres H, Dussaillant
G. Microvascular coronary flow comparison in acute myo-
cardial infarction angioplasty treated with a mesh covered
stent (MGUARD stent) versus bare metal stent: MICAMI-
MGUARD. Cardiovasc Revasc Med 2013; 14: 4-8 [PMID:
23337378 DOI: 10.1016/j.carrev.2012.07.006]

WJC | www.wjgnet.com

392

97

98

Dudek D, Dziewierz A, Rzeszutko t, Legutko J, Dobrowol-
ski W, Rakowski T, Bartus S, Dragan J, Klecha A, Lansky
AJ, Siudak Z, Zmudka K. Mesh covered stent in ST-segment
elevation myocardial infarction. Eurolntervention 2010; 6:
582-589 [PMID: 21044911 DOI: 10.4244/ EIJV6I5A98]
Piscione F, Danzi GB, Cassese S, Esposito G, Cirillo P, Galas-
so G, Rapacciuolo A, Leosco D, Briguori C, Varbella F, Tuc-
cillo B, Chiariello M. Multicentre experience with MGuard
net protective stent in ST-elevation myocardial infarction:
safety, feasibility, and impact on myocardial reperfusion.
Catheter Cardiovasc Interv 2010; 75: 715-721 [PMID: 19937780
DOI: 10.1002/ ccd.22292]

P- Reviewers: Farand P, Innasimuthu I S- Editor: Wen LL
L- Editor: A E- Editor: Liu SQ

June 26, 2014 | Volume 6 | Issue 6 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2014 Baishideng Publishing Group Inc. All rights reserved.



	WJC-6-381
	封底

