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Objectives: To assess the usefulness of theMGuard stent in patients with ST‐segment elevation myocardial infarction
(STEMI) in whom a high thrombus burden persists after manual aspiration.
Background: In some patients with STEMI, a high thrombus burden may persist after manual aspiration. These
patients may be at high risk of distal embolization and therefore impaired myocardial reperfusion. The MGuard is a
novel mesh‐covered stent designed to minimize thrombus embolization.
Methods: Single‐arm, prospective registry of patients with STEMI and high thrombus burden after aggressive
thrombus aspiration treated with the MGuard stent. High thrombus burden was defined as thrombus burden grade 4
or 5 according to the TIMI score. Lesions with a side branch �2mm and patients with cardiogenic shock were not
included. The study end‐points were proportion of final TIMI 3 flow, normal myocardial blush, and complete
ST‐segment resolution.
Results: Fifty‐six patients were included. After MGuard stent implantation>85% of cases had thrombus score¼ 0.
Final TIMI 3 flow was achieved in 82% of cases, normal myocardial blush in 55%, and complete ST‐segment
resolution in 59%. Occlusion of a side branch (<2mm) occurred in 2 cases (3.5%), embolization to a distal branch
in 5 cases (8.9%), and transient no‐reflow in 4 cases (7.1%). Major adverse cardiac events rate at 9 months was
3.6%, including 1 definite acute stent thrombosis and 1 target‐vessel revascularization.
Conclusions: The MGuard stent may be useful to prevent distal embolization in patients with STEMI and high
thrombus burden despite mechanical aspiration. (J Interven Cardiol 2013;26:1–7)

Introduction

In patients with ST‐segment elevation myocardial
infarction (STEMI), distal embolization during percu-
taneous coronary intervention (PCI) is a common
complication that may cause impaired myocardial
reperfusion even with a patent epicardial vessel.1,2 The
MGuard™ stent (InspireMD, Tel Aviv, Israel) is a
novel mesh‐covered stent that has been designed to

prevent thrombus fragmentation and distal emboliza-
tion during stent implantation.3 Although the MGuard
stent has been shown to be safe and effective in
consecutive patients with STEMI, its use in selected
patients with persistent high thrombus burden after
thrombus aspiration has not been described.

Methods

Study Design. This was a single‐arm, prospective
registry in which all patients undergoing PCI with
thrombus aspiration and MGuard mesh‐covered stent
implantation from July 2010 to October 2011 were
evaluated. The criteria for MGuard stent implantation
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were: (1) myocardial infarction with persistent chest
pain (onset of �30minutes and �24 hours) and ST‐
segment elevation of �2mm in 2 or more contiguous
electrocardiographic leads; (2) evidence on coronary
angiogram of high thrombus burden after aggressive
mechanical aspiration, defined as thrombus grade 4–5
according to the TIMI score4; and (3) vessel diameter
�2.5 and �4mm by visual estimation. The exclusion
criteria for MGuard stent implantation were: (1)
involvement of a side branch�2mm within the culprit
lesion; and (2) severe calcification of target lesion.
Patients with cardiogenic shock at presentation were
not included in the analysis. The studywas approved by
our local institutional review board. Informed written
consent for all procedures was obtained.
Study Device. The MGuard stent consists of a

balloon‐expandable cobalt–chromium alloy bare metal
stent (the first generation of the device was a stainless
steel stent) with a polyethylene terephthalate microfiber
sleeve attached to its outer surface (Fig. 1). The net,
although porous, appears to effectively act as a
mechanical barrier decreasing or even preventing the
thrombus protrusion and embolization to the distal
vessel (Fig. 2). Stent diameters 2.5–4.0mm and stent
lengths 18–38mm were available during the study
period.
Procedure. Thrombus aspiration was performed

with the 6‐French Export™ Aspiration Catheter
(Medtronic, Minneapolis, MN, USA) or with the
6‐French Pronto V3™ Aspiration Catheter (Vascular
Solutions, Minneapolis, MN, USA). Thrombus aspira-
tion was repeated until no new macroscopic thrombus

was obtained. Aspirated material was fixed in formalin,
cut, stained with hematoxilin–eosin and examined with
a light microscope. The aspiration was defined as
effective or not effective on the basis of the presence of
atherothrombotic material in the aspirate. The material
was classified as thrombus containing platelets/
erythrocytes or thrombus with plaque as previously
described.5

After restoring the antegrade flow, intracoronary
nitrates were given to ensure maximal epicardial
vasodilation before determining the stent diameter.
Direct stent implantation with no pre‐dilatation was
encouraged, unless moderate calcification was ob-
served. Antiplatelet treatment before PCI included
aspirin 300mg and clopidogrel 300–600mg. During
PCI, anticoagulation regimens were chosen by the
operator and included either unfractionated heparin
targeted to achieve and maintain an activated clotting
time of 250–300 seconds (200–250 seconds if glyco-
protein IIb/IIIa inhibitors were used), enoxaparin 1mg/
kg or bivalirudin 0.75mg/kg (bolus) followed by an
infusion of 1.75mg/kg per hour for the duration of the
procedure. Adjunctive IIb/IIIa receptor inhibitors were
used at the discretion of the operator. After the
procedure, aspirin 100mg was prescribed indefinitely
and clopidogrel 75mg was prescribed for a minimum
of 6–12 months.
End‐points and Definitions. The study end‐

points were frequency of postprocedure TIMI 3 flow,
frequency of postprocedure normal myocardial blush,
and proportion of patients with complete ST‐segment
resolution 60–90minutes after PCI. Coronary angio-
grams were evaluated off‐line by 2 experienced
physicians not involved in the procedures, with differ-
ences resolved by consensus. TIMI thrombus score,
TIMI flow, and myocardial blush grades were assessed
as previously described.4,6,7 ST‐segment resolution
was assessed comparing a 12‐lead ECG 60minutes
after PCI with the baseline 12‐lead ECG. The sum of
ST‐segment elevation was measured 20ms after the
end of the QRS complex in leads I, aVL, and V1–V6
for anterior, and leads II, III, aVF, and V5–V6 for
nonanterior myocardial infarction.8 Complete ST‐
segment resolution was defined as residual ST‐segment
elevation of <30%.5,9,10 Clinical follow‐up was per-
formed by telephone contact or office visit at 9 months.
Major adverse cardiac events (MACE) were recorded,
including all‐cause death, myocardial infarction, target‐
vessel revascularization, and stent thrombosis. Stent
thrombosis was defined according to the Academic

Figure 1. MGuard stent crimped onto a balloon. Black arrows
indicate the mesh sleeve.White arrows indicate the metallic platform.
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Research Consortium definitions.11 Source documen-
tation of clinical events was obtained.
Statistical Analysis. Statistical analysis was per-

formed using SPSS version 18. Continuous variables
are shown as mean� SD or median (interquartile
range) if the distribution was not‐normal. Categorical
variables are expressed as frequencies and group
percentages, and compared with the Chi‐square test (or
Fisher’s exact test if appropriate). The interobserver
agreement on TIMI thrombus score, TIMI flow and
myocardial blush measurements was assessed with the
Kappa statistic.

Results

A total of 56 patients were included in this study.
Baseline and procedural characteristics are detailed in
Tables 1 and 2, respectively. In 3 instances (5.4%), the
procedure was performed after failed thrombolysis.
The right coronary artery was identified as the infarct‐
related artery in most cases. Only 6 (10.7%) cases had
initial TIMI flow 2 to 3. Thrombus aspiration was
performed at least twice in all patients. Histopatholog-
ical examination showed atherothrombotic material
in 45 cases (80.4%), of which 30 (67%) cases
were thrombus containing platelets/erythrocytes and

Figure 2. (A) Forty‐five de-
gree left oblique projection of
a right coronary artery show-
ing persistence of high throm-
bus burden after thrombus
aspiration (black arrows). (B)
Excellent angiographic result
after MGuard stent implanta-
tion. (C) Optical coherence
tomography after MGuard
stent implantation (red line
on panel B) showing absence
of thrombus protrusion into
the lumen. The thrombus ap-
pears to be trapped between
the mesh (white arrows) and
the vessel wall. Red arrows
indicate the metallic struts.

Table 1. Baseline Characteristics

Variable n¼ 56

Age (years) 60.0� 12.2
Male gender 45 (80.4%)
History of
Diabetes mellitus 14 (25%)
Hypertension 25 (44.6%)
Hypercholesterolemia 34 (60.7%)
Prior myocardial infarction 6 (10.7%)
Prior CABG 1 (1.8%)
Prior PCI 3 (5.4%)

Current smoker 24 (42.9%)
Body mass index 28.0� 5.6
Peripheral vascular disease 8 (14.3%)
Chronic renal failure 3 (5.6%)
Chronic aspirin therapy 7 (12.5%)
Killip at presentation
I 48 (85.7%)
II 4 (7.1%)
III 4 (7.1%)

Primary PCI 53 (94.6%)
Rescue PCI 3 (5.4%)

PCI, percutaneous coronary intervention; CABG, coronary artery
bypass graft.
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15 (33%) were thrombus with plaque. Mean athero-
thrombotic material length was 2.1� 0.5mm. A total
of 61 MGuard stents were implanted in the 56 patients.
The study stent could be deployed over the culprit
lesion in all cases but 1 (98.4%). In that case, a
3� 38mm MGuard stent could not be advanced to the
distal RCA due to the tortuosity of the proximal
segment. Additional nonstudy stents were implanted in
9 patients (8 bare‐metal stents, 1 drug‐eluting stent) in
order to treat a distal edge stent dissection (1 patient,
1.8%) or additional severe lesions within the target
vessel (8 patients). Occlusion of a side branch (1.5–
2mm) occurred in 2 cases (3.5%). Embolization to a
distal branch was observed in 5 cases (8.9%) and
transient no‐reflow in 4 cases (7.1%). Thrombus score

after mechanical aspiration was grade 4 in most cases
(Fig. 3). After MGuard stent deployment, >89% of
cases had thrombus score¼ 0 (p¼ 0.01). Myocardial
perfusion end‐points are shown in Figure 4. TIMI flow
and myocardial blush grade were evaluated in all cases.
ST‐segment resolution could be assessed in 46 cases.
Most patients had final TIMI flow 2 to 3 (94.6%) and
76.8% had myocardial blush grade 2–3. Nearly half
of the patients had TIMI 3 flow, blush grade 3, and
complete ST‐segment resolution. Subgroup analysis
showed no relation between the right coronary artery
being the culprit vessel and the final TIMI flow
(p¼ 0.2) or final blush grade (p> 0.5). The Kappa
statistic indicated excellent interobserver agreement for
TIMI thrombus score (k¼ 0.862, p< 0.01) and TIMI
flow (k¼ 0.840, p< 0.01). A Kappa statistic¼ 0.741
(p< 0.01) indicated substantial interobserver agree-
ment for myocardial blush. Clinical follow‐up at
9 months was assessed in all patients except 1 (this
patient could not be reached because he permanently
left the country). During the follow‐up, no deaths
occurred. There was 1 (1.8%) acute definite stent
thrombosis 12 hours after aMGuard stent was placed in
a distal RCA; intravascular ultrasound was then per-
formed showing stent malappositon that was success-
fully treated with balloon dilatation. One patient (1.8%)
developed asymptomatic occlusive restenosis that was
left untreated. One patient experienced a target vessel
nontarget lesion revascularization at 6 months (the
study stent was patent without significant restenosis).
MACE at 9 months was 3.6%.

Discussion

The main findings of this study suggest that MGuard
stent implantation is a feasible and safe strategy in
patients with STEMI and high thrombus burden despite
manual aspiration. Two previous observational studies
have sought to evaluate the usefulness of the MGuard
stent in the treatment of consecutive patients with
myocardial infarction.12,13 Both studies reported
excellent results with low rates of distal embolization.
However, the use of aspiration catheters in these studies
was very low (<20%). In contrast to these reports, all
our cases underwent manual aspiration, and direct stent
implantation was performed in the majority of patients,
which reflects the current standard of treatment in
patients with STEMI. In addition to these observa-
tional studies, there are 2 ongoing randomized trials

Table 2. Angiographic and Procedural Characteristics

Variable n¼ 56

Radial access 39 (69.6%)
Number of diseased vessels
1 30 (53.6%)
2 20 (35.7%)
3 6 (10.7%)

Target vessel
Left anterior descending 7 (12.5%)
Circumflex 5 (8.9%)
Right coronary artery 44 (78.6%)

AHA/ACC lesion type
Type B 34 (60.7%)
Type C 22 (39.3%)

Periprocedural anticoagulation
Unfractionated heparin 40 (71.4%)
Enoxaparin 10 (17.9%)
Bivalirudin 6 (10.7%)

GP IIb/IIIa inhibitors 36 (64.3%)
IABP 2 (3.6%)
Ischemic times
Total ischemic
time (min)

210 (IQR 168–250)

Door to balloon
or aspiration time (min)

30 (IQR 25–44)

Baseline TIMI flow
TIMI 0–1 50 (89.3%)
TIMI 2 4 (7.1%)
TIMI 3 2 (3.6%)

Number of stents per patient 1.29� 0.56
Length of stented segment (mm) 27.6� 12.3
Diameter of stented segment (mm) 3.4� 0.4
Pre dilatation 14 (25%)
Post dilatation 1 (1.8%)

GP, glycoprotein; IABP, intraaortic balloon pump; IQR, interquartile
range.

4 Journal of Interventional Cardiology Vol. 26, No. 1, 2013

ROMAGUERA, ET AL.



evaluating the effectiveness and the safety of the
MGuard stent in STEMI patients. In the prospective,
randomized, multicenter evaluation of a polyethylene
terephthalate micronet mesh‐covered stent (MGuard)
in the ST‐segment elevation myocardial infarction
(MASTER) trial, the use of theMGuard stent compared
with conventional stents resulted in superior rates of
epicardial coronary flow and complete ST‐segment
resolution, although clinical events at 30 days were

similar in both groups 9. TheMGuard versus bare metal
stents plus manual thrombectomy in the ST‐elevation
myocardial infarction patients (GUARDIAN) trial,
currently recruiting patients, will show if the MGuard
stent without manual aspiration is noninferior to
manual aspiration plus conventional stent with regard
to the ST‐segment resolution.14

Our study, however, is the first to evaluate the
efficacy of the MGuard mesh‐covered stent in cases in

Figure 4. Myocardial reperfusion
end‐points.

Figure 3. TIMI thrombus score (TS) at
baseline was grade 5 in most cases. After
mechanical aspiration, most patients had
TIMI TS¼ 4. After MGuard stent implanta-
tion, almost 90% of cases had TIMI TS¼ 0
(p¼ 0.01).
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which high thrombus burden persists after thrombus
aspiration. Actually, our data are derived from a
selected population with a high risk of thrombus
embolization rather than consecutive patients with
STEMI. Despite this unfavourable scenario, our
frequencies of TIMI 3 flow, normal myocardial blush,
and complete ST‐segment resolution (as subrogates of
myocardial reperfusion; Fig. 3) were comparables to
those reported by the aspiration arm of the thrombus
aspiration during primary percutaneous coronary
intervention (TAPAS) trial.5

The risk of a major side branch occlusion due to
MGuard stent implantation has been proposed previ-
ously,12,15,16 theoretically due to mechanical obstruc-
tion of the side branch by the struts and the mesh.
Further, if a side branch is compromised, crossing
through the stent platform and the mesh (in order to
rescue the side branch) may be extremely complicated.
In this study, although lesions with side branches
>2mm were excluded, 2 side branches of 1.5–2mm
were occluded after stent deployment. In our experi-
ence, side branch occlusion was due to thrombus shift
to the side branch rather than mechanical obstruction
by the stent. Therefore, we recommend avoid MGuard
stent implantation in bifurcated lesions.
The strategy of covered stent implantation in order

to create a mechanical barrier to prevent distal
embolization has been tested previously.17 The Jostent
Graftmaster™ (Abbott Vascular, Abbott Park, IL,
USA) consists of a polytetrafluoroethylene membrane
sandwiched between 2 coaxial steel bare metal stents.
Actually, the membrane also prevented the endothelial
ingrowth within the stent, which was eventually related
to high rates of stent thrombosis as well as high rates of
restenosis at the edges of the stent.17,18 In the case of the
MGuard, however, it appears that the mesh does not
prevent the neointimal proliferation within the stent.19

The rate of stent restenosis was low in our cohort.
Importantly, routine angiographic follow‐up was not
performed and therefore we cannot rule out the occur-
rence of restenosis that does not provoke ischemia or
symptoms in an infarcted myocardial territory. This
possibility, coupled with the relatively short follow‐up,
may explain the low rate of ischemia‐driven target‐
lesion revascularization in our population. Despite
being one of the largest available series of combined
use of mechanical aspiration and MGuard stent, the
sample size was not sufficient to conduct adjusted
analysis. Therefore this study carries inherent limi-
tations of a small observational analysis. Further,

angiographic and electrocardiographic assessments
were not performed by an independent Core Lab.
Because the results were obtained from a single center,
conclusions may not apply to centers with different
practice patterns.

Conclusion

The MGuard stent may to be useful to prevent distal
embolization in selected patients with STEMI and
persistent high thrombus burden after mechanical
aspiration. A randomized trial is warranted to establish
the role of the MGuard stent in this scenario.
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