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ABSTRACT: M-Guard is an ultra-thin polymer mesh sleeve
attached to the external stent surface. It is designed to minimize dis-
tal embolization during coronary, renal, carotid and vein graft stent-
ing. The polymer net could also serve as a platform for more
uniform drug delivery. Aim. To evaluate coronary M-Guard stent
deliverability and safety (stent thrombosis and restenosis) in com-
parison to bare-metal stents (BMS) in a porcine model of percuta-
neous coronary interventions (PCIs). Methods. Under general
anesthesia using percutaneous technique, 6 swine received a total of
18 coronary stents: 5 BMS and 13 M-Guard-BMS. Quantitative
coronary angiography (QCA) was obtained immediately prior to
and post-PCI, and at 30 days post-stenting. At 30 days, all animals
were sacrificed and hearts were sent to a core lab for coronary histol-
ogy and histomorphometry. Primary endpoints were 30-day QCA
percent diameter stenosis, late luminal loss and minimal luminal
diameter (MLD). Secondary endpoints were procedural success, 30-
day mortality and stent thrombosis. Exploratory endpoints were his-
tology and histomorphometric analysis performed at 30 days on
M-Guard stented segments. Results. All stents were delivered suc-
cessfully. There were no procedural complications or porcine mor-
bidity or mortality at 30 days. The M-Guard and BMS displayed
similar results of MLD, late luminal loss and percent diameter
stenosis at 1 month. Conclusion. When compared to BMS, PCI
with M-Guard-BMS is feasible, safe and yields similar inflammatory
and restenotic response.
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Coronary and peripheral interventions can result in distal
embolization. Although guidelines mandate the use of
embolic protection devices (EPDs) in PCI of vein grafts1 and
carotid arteries,2,3 these devices are at most 50% effective4 and
suffer from considerable shortcomings.5 Approximately
40%6–66%7of patients undergoing carotid stenting with
EPDs develop new MRI diffusion-weighted imaging defects.
In certain emboli-prone vascular beds and settings (myocar-
dial infarction), clinical trials employing EPDs could not
demonstrate benefit.

M-Guard (Inspire-MD, Tel-Aviv, Israel) is an ultra-thin, flexible
polyethylene theraphthalate (PET or Dacron) mesh sleeve fabricat-
ed by circular knitting. The M-Guard is anchored to the external
surface of the stent (Figure 1). This biocompatible microfiber net
(string diameter 10–22 microns) has minimal effects (< 0.1 mm)
on the stent’s crossing profile or deliverability. During stent deploy-
ment, the net is able to stretch, creating custom-designed pores of
≈200 microns in diameter (pores created by stent struts are 10- to
40-fold larger in diameter, translating into a 100- to 1,600-fold
larger cross-sectional area). Hence, M-Guard has the theoretical
potential to serve as a “built-in” and permanent EPD.

M-Guard can also be used as a potential platform for more
uniform drug delivery, especially for drugs with reduced diffu-
sion capacity. This potential application of the M-Guard is
appealing in view of the delayed healing and imperfect endothe-
lialization observed with current commercially available stent
struts and platforms of drug-eluting stents (DES).10 Since the M-
Guard mandates in vivo studies (due to anticipated use in
humans), and pigs are an established and recommended model
for coronary studies by regulatory agencies, Inspire-MD elected
to delegate the design and execution of porcine studies to an
independent animal cardiovascular laboratory (Experimental
Cardiovascular Interventional Laboratory, Boston, Massachusetts).

The objective of this study was to assess the safety of M-
Guard BMS in comparison to conventional BMS with
regard to:

1. Deliverability (using conventional coronary guiding
catheters and wires);

2. Incidence of stent thrombosis, porcine morbidity and
mortality;

3. Extent of restenosis at 30 days post-deployment;
4. Assessment of the inflammatory response and severity

of intimal hyperplasia by 30-day histology and histo-
morphometric measurements.
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Figure 1. M-Guard prototype.
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Methods
Animals. This study used 6 castrated Yorkshire male

swine (ages 4–10 months, weighing 30–60 kg). Housing,
food and water were provided according to the Guide for the
Care and Use of Laboratory Animals.

Device randomization. Each animal received 3 stents. Each
of the major porcine coronary vessels was individually random-
ized to receive either a ClearFlex (ClearStream Technologies, Ennis-
corthy, Ireland) BMS (n = 5), or a ClearFlex BMS with M-Guard
(n = 13). All stents were 3 mm in diameter and 18 mm in length.

Procedure. Premedication: ≥ 12 hours prior to stenting,
the animals were given 325 mg aspirin and 75 mg clopido-
grel, which were continued daily for the duration of the
study. Preoperative nifedipine (10 mg SL) and cephazolin
(1 g intravenously [IV]) were also administered. Telazol 4.4
mg/kg intramuscular (IM), xylazine 2.2 mg/kg IM, atropine
0.05 mg/kg IM were administered as preanesthetic for
induction of light anesthesia. Upon induction of light anes-
thesia, each animal was intubated. Anesthesia: isoflurane
(1–5% to effect by inhalation) in oxygen was administered
for the duration of the procedure. The level of anesthesia
was monitored continuously by electrocardiography (ECG)
and the animal’s response to stimuli. Intervention: A femoral
cutdown was performed and a 7 Fr arterial sheath was intro-
duced into the femoral artery. Under fluoroscopic guidance,
the 7 Fr guiding catheter was advanced through the sheath to
the ostium of the coronary arteries. Heparin 200 u/kg IV
bolus was administered. After nitroglycerin (200 µg IV) was
given, standard angiographic images were obtained (for assess-
ing flow and quantitative coronary angiography [QCA]) and
stent deployment sites were selected. A coronary guidewire

(0.014 inch) was advanced into the
appropriate vessel. Stents (3 mm diam-
eter, 18 mm length) were introduced
into the coronary arteries through the
guiding catheter and over the coronary
guidewire and deployed in all 3 coro-
nary arteries (left anterior descending,
left circumflex and right coronary arter-
ies) using “inflation pressures” suffi-
cient to obtain a balloon-to-artery ratio
of 1.1:1–1.2:1. Post-stenting standard
angiographic views were obtained for
flow assessment and QCA.

Follow up. Animals were observed
for 1 month, and any unusual behavior
or morbidity was charted. 4 weeks post-
stenting, the animals were re-anes-
thetized, and coronary angiography
was executed (using percutaneous
femoral artery access). Heparin (20
U/kg, IV) and nitroglycerin (200 µg
intracoronary) were administered
prior to standard-view angiograms.

After concluding the 30-day angiography, the animals were
euthanized. The hearts were removed and perfusion-fixed at
~100 mmHg with lactated Ringer’s solution until cleared of
blood, followed by 10% neutral buffered formalin. The fixed
hearts were placed in a fluid-filled container of fixative solu-
tion to preserve vessel integrity prior to histopathological
evaluation.

Quantitative coronary angiography. QCA was per-
formed by a reader blinded to the treatment assignments
using TCS Symphony by Medcon (Parsippany, New Jersey),
and employing standard methods described elsewhere.14

Histology. Studies were executed by an independent his-
tologist (PS) who sampled the proximal, middle and distal
portions of each stented segment. A vessel injury score was
calculated using the method described by Schwartz et al.15

Qualitative assessment was done for inflammation,
endothelialization, fibrin score and granuloma formation.
These values were determined and averaged for the 3 seg-
ments. Histomorphometric measurements of intimal hyper-
plasia were measured and averaged alike.

Endpoints. The primary endpoint was 30-day QCA-
derived percent diameter stenosis. The co-primary endpoint was
30-day late luminal loss and minimal lumen diameter by QCA.
Secondary endpoints were procedural success, 30-day mortality
and stent thrombosis. Exploratory endpoints were histology
and histomorphometric studies of M-Guard stented segments
assessing endothelialization, severity of inflammatory reaction
and injury and extent of neointimal proliferation.

Statistical analysis. Data are expressed as mean ± SD.
Statistical analysis of the histologic and angiographic data
comparing the two groups employed a non-paired t-test.
Values of p < 0.05 are considered statistically significant.

M-Guard Coronary Stenting Porcine Trial

Figure 2. Macroscopic appearance 30 days post-M-Guard stenting of the right coronary and left
anterior descending arteries.
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Results
Vessel characteristics (Table 1).

Mean vessel diameter before (2.77 ±
0.19 mm vs. 2.62 ± 0.09 mm; p =
0.11) and after stenting (2.88 ± 0.16
mm vs. 2.80 ± 0.02 mm; p = 0.276)
were similar in the two treatment
arms, as was the balloon-to-artery
ratio (1.08 ± .04 vs. 1.09 ± .03; p =
0.78). All vessels had normal epicar-
dial flow (TIMI 3) at baseline, post-
PCI and at 30 days.

Primary and coprimary end-
points. There was no significant dif-
ference between the M-Guard and the
BMS with regard to late loss (1.33 ±
.53 mm vs. 1.30 ± 0.89 mm; p =
0.92), percent diameter stenosis (47 ±
19 % vs 46 + 31%; p = 0.98), and
minimal luminal diameter (1.55 ± .58
mm vs. 1.50 ± 0.87 mm; p = 0.89).

Secondary endpoints. All stents
were delivered successfully, result-
ing in 100% procedural success.
There were no procedural compli-
cations or incidents of porcine mor-
bidity or mortality at 30 days.

Exploratory endpoints (Table 2).
Histology and histomorphometric
data from the M-Guard stented seg-
ments suggest that M-Guard yielded
acceptable inflammatory response
(0.8 ± 0.3 on a scale of 0–3), with
the absence of medial necrosis, min-
eralization, neovascularization or
granuloma response. Low Schwartz
injury scores (0.1 ± 0.1), acceptable
fibrin score (0.8 ± 0.3 on a scale of
0–3+) and exceptionally good
endothelialization (4 ± 0) were
noticed. The extent of intimal hyper-
plasia was very acceptable and similar
to historic BMS (average neointimal
thickness 0.18 ± 0.06). Typical histo-
logic segments of M-Guard stenting
are presented in Figures 3 and 4.

Discussion
This study provides initial safety

data on M-Guard stenting. It appears
that the M-Guard can be safely deliv-
ered with conventional PCI equip-
ment. Excessive thrombotic or animal
morbidity and mortality were not
observed with the device. Relative to

Table 1. Primary endpoint.

Parameter M-Guard-BMS§ BMS§ p-Value

30-day % diameter stenosis*

30-day late loss* (mm)
30-day minimal luminal diameter* (mm)
Reference vessel diameter* (mm)
Post-stent minimal diameter* (mm)
Balloon-to-artery ratio*

0.98
0.92
0.89
0.11
0.27
0.78

47 ± 19%
1.33 ± 0.53
1.55 ± 0.58
2.77 ± 0.19
2.88 ± 0.16
1.08 ± 0.04

46 ± 31
1.30 ± 0.89
1.50 ± 0.87
2.62 ± 0.09
2.80 ± 0.02
1.09 ± 0.03

*Mean ± standard deviation
§BMS = bare-metal stent

Table 2. Histology.

Measurement Mean ± SD SEM

Inflammation score (0–3)
Granuloma (number per cross-section surrounding struts)
Schwartz injury score 
Endothelization score (scale 0–4)
Fibrin score (scale 0–3)
3 segment average of neointima thickness (mm)
Average % occlusion (%)
In stent restenosis (%)
Average intima  (mm2)
Average media  (mm2)
Average lumen (mm2)
Internal elastic lumen area (mm2)
External elastic lumen area (mm2)

SEM = standard error of mean

0.8 ± 0.3
0 ± 0

0.1 ± 0.1
4 ± 0

0.8 ± 0.3
0.18 ± 0.06
22.80 ± 7.49
23.30 ± 7.71
1.49 ± 0.54
1.24 ± 0.33
4.93 ± 8.6
6.41 ± 0.85
7.65 ± 0.55

-
-
-
-
-

0.03
3.74
3.85
0.27
0.17
0.43
0.42
0.22

Figure 3. Histology 30 days post-M-Guard stenting of the right coronary artery.
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BMS, the extent of inflammation, endothelialization, injury
and intimal hyperplasia were very acceptable.

Although normal male porcine arteries may underscore
the complexity of the pathologic process of the aging human
coronary artery, the porcine model is preferred for coronary
therapeutic testing,16 coronary interventions and DES.17,18 A
few reports suggests that polymer,19 or specifically
polyurethane strut coating, results in enhanced hemocompat-
ibility (reduced platelet and white blood cell deposit)20 when
compared to other methods of strut surface modification.

Others reported21 that covering the entire stent with a poly-
mer braid (net) results in enhanced inflammatory reaction,
yielding excessive neointimal hyperplasia. In the rabbit carotid
model, employing a microporous (pore diameter of 100
microns; interpore distance of 200 microns) polyurethane-
covered stent, it was noted that the neointimal hyperplasia was
somewhat more intense than with the noncovered BMS, but
was less intense than the conventional covered stents.22

Previous attempts to cover stents with polyurethane or fibrin
film soaked in heparin in a swine model resulted in a 10%
stent thrombosis rate and early porcine fatality in the former,
and a 6% rate in the latter.23 Stents struts covered with Poly-
bis-trifluorethoxy phosphazene resulted in a similar inflamma-
tory reaction and neointimal hyperplasia at 6 weeks and 6
months when compared to BMS.24 It is still not clear whether
polymer coating for drug delivery or future biodegradable
stents enhances biocompatibility, thus this issue remains a sub-
ject of intense investigation.25 It is also debatable whether
inflammatory reaction observed with polymers is related to
the polymer or to contamination. 

Although M-Guard BMS appears safe in this preliminary
study, the efficacy of this innovation in preventing procedure-

related distal embolization or drug
delivery remains to be proven.
Future studies should assess the effect
of this device on the incidence and
severity of distal embolization during
interventions in emboli-prone vas-
cular beds.

Study Limitations
This study was not powered to

detect even clinically meaningful
excessive stent thrombosis or
restenosis events. 

Although the study was request-
ed by the sponsor (Inspire-MD), the
sponsor transferred the responsibili-
ty for study design, execution, data
collection, data analysis and report-
ing to an independent laboratory
and investigator (AG) and patholo-
gist (PS) to minimize potential bias
and conflict of interest.

Conclusion
This pilot (feasibility) study suggests that M-Guard can

be delivered successfully employing conventional PCI wires
and guiding catheters. Major adverse events and the extent
of inflammatory process and intimal hyperplasia were simi-
lar to BMS. The use of M-Guard was not associated with
any excessive medical complications or adverse events.

Addendum. Inspire-MD engaged in polymer purifica-
tion processes in an attempt to further eliminate any poten-
tial inflammatory and foreign body reactions. A second,
larger porcine trial with 1-, 3- and 6-month angiographic
and histomorphometric assessment (Groothuis A, et al. The
Experimental Cardiovascular Laboratory, Boston, INSP-SO2-
06) demonstrated histomorphometry and QCA results of
MGuard compared to BMS. Percent diameter stenosis by
QCA at 3 and 6 months was 19.5% and 24.4%, respective-
ly. The report concluded that: “...the polymer coating does
not elicit adverse responses at time points extending out to
6 months”. The encouraging porcine coronary data have
prompted the launch of porcine carotid studies (using self-
expanding stents with M-Guard), porcine renal artery stud-
ies, human saphenous vein graft and native coronary studies
in Europe.
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