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Safety and Efficacy of the FilterWire EZ in Acute ST-Segment Elevation
Myocardial Infarction

Victor Guetta, MDa,b,e,*, Morris Mosseri, MDb,c,e, Michael Shechter, MD, MAa,b,e,
Shlomi Matetzky, MDa,b,e, Abid Assali, MDb,c,e, Yaron Almagor, MDd,e, Luis Gruberg, MDf,e,

Michal Benderly, PhDa,b,e, Chaim Lotam, MDd,e, and Ran Kornowski, MDb,c,e,
for the UpFlow MI Study Investigators

Primary percutaneous coronary intervention (PCI) for ST-segment elevation myocardial
infarction (STEMI) achieves a high epicardial reperfusion rate; however, it is often sub-
optimal in achieving myocardial reperfusion due to distal embolization of atherothrombotic
particles. The present study assessed whether the capture of embolic particles during PCI
would improve myocardial reperfusion outcome. In a multicenter, prospective, random-
ized, controlled study, 100 patients with STEMI and coronary angiographic evidence of
thrombotic occlusion were randomly assigned to PCI using the FilterWire EZ (n � 51) or
a control group (n � 49) using regular guidewires. The FilterWire EZ was successfully
delivered across the lesion in 84% of patients in the FilterWire EZ group. Primary efficacy
end points, including markers of epicardial (Thrombolysis In Myocardial Infarction grade
flow) and myocardial reperfusion (myocardial blush score and percent early resolution of
ST-segment elevation), did not differ between the 2 study groups. Further, 60- and
90-minute percent ST-segment resolutions were identical in the 2 groups. In a subgroup
analysis, a blush score of 3 was achieved in 94% of patients in whom the filter’s landing
zone was in a vessel diameter >2.5 mm compared with only 55% in those with smaller
vessel diameter (p � 0.04). This corresponds to a better debris capture in filters located in
large versus small vessels (p � 0.08). In conclusion, in patients with STEMI, use of the
FilterWire EZ as an adjunct to primary PCI did not improve angiographic or electrocar-
diographic measurements of reperfusion compared with conventional PCI only. © 2007

Elsevier Inc. All rights reserved. (Am J Cardiol 2007;99:911–915)
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ithin the range of devices designed for protection of distal
mbolization, filter-based catheters are particularly “attrac-
ive” due to their ease of use, safety, and theoretical effec-
iveness.1,2 The present study was designed to explore the
ffect of a filter-based catheter during urgent ST-segment
levation myocardial infarction (STEMI) stent-based percu-
aneous coronary intervention (PCI) on tissue perfusion.

ethods and Results

his multicenter, prospective, randomized study (Use of
rotective FilterWire to improve Flow in Acute Myocardial
nfarction [UpFlow MI] study) was conducted in 5 inter-
entional cardiology sites in Israel. Patients with STEMI
ndergoing revascularization �24 hours of chest pain onset
ere enrolled. Inclusion criteria were (1) �1 episode of

ypical anginal pain lasting �30 minutes within the preced-
ng 24 hours, (2) ST-segment elevation �1 mm in 2 con-
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iguous leads, (3) coronary artery lesion deemed suitable for
CI and filter device application, and (4) coronary artery
cclusion or angiographic appearance of fresh thrombus.
xclusion criteria were (1) a presumed distal vessel size
2.5 mm, (2) relevant coronary left main involvement, (3)

essel anatomy interfering with a safe placement of the filter
evice (e.g., extreme tortuosity or heavily calcified vessel
roximal to the culprit lesion), (4) culprit lesion in a saphe-
ous vein graft, (5) contraindication to glycoprotein IIb/IIIa
nhibitors, aspirin, clopidogrel, or heparin, (6) cardiogenic
hock, and (7) inability to provide informed consent. The
tudy was approved by the institutional review board, and
ll participants gave written informed consent.

Immediately after diagnostic angiography, eligible pa-
ients were allocated to the FilterWire EZ or control group
sing a computer-generated, permuted blocks, random se-
uence selected by a statistician unknown to the investiga-
ors and attending medical team. After establishment of
ligibility criteria, patients were randomized using sealed
paque envelopes prepared in advance by the study statis-
ician who was not involved in performing the study. In
atients allocated to the filter device group, the culprit lesion
as crossed with a FilterWire EZ (Boston Scientific,
atick, Massachusetts), which was deployed at a distance

losest to the culprit lesion to facilitate safe balloon dilation
nd stent placement. Details of the design and deployment
echnique of the filter have been previously described.1,3 If

he filter device failed to cross the lesion, a second wire

www.AJConline.org



a
f
F
P
fi
s
P
d
n
a
U
l

a
o
N
fl
a
a
s
e
t
o
t
b
e
o
n
u
r
p
k
p

d
U
d
9
d
M
c
f
t
b
s
S
m
a
E
a
i
c
S
t
p
m
c

a
fi
c

t
g
a
v
u
w
t
f
p
u
w

S
4
0
f
c
e
m
r
c
(
a
0
o
h
o
b
h
e
w
g

i

T
B
s

V

A
W
D
H
H

S
P
P
P
C
E
P
U

L

q

e

912 The American Journal of Cardiology (www.AJConline.org)
nd/or predilation with a 2.0-mm balloon was introduced
ollowed by additional attempts to cross the lesion with the
ilterWire EZ. The filter device was left in place until the
CI procedure was completed. After retrieval, the filter was
xed in 4% formaldehyde (pH 7.0) and subjected to micro-
copic inspection by the same pathologist. In the 2 groups,
CI was performed with a bare metal stent as previously
escribed.4 All patients received aspirin 500 mg intrave-
ously or 200 mg orally before PCI, 70 U/kg of unfraction-
ted heparin, and a loading dose of 300 mg of clopidogrel.
se of glycoprotein IIb/IIIa inhibitors was encouraged but

eft to the discretion of the operator.
Angiographic images were stored on compact disks and

nalyzed offline by an independent angiographic core lab-
ratory (Cardiovascular Research Foundation, New York,
ew York). Thrombolysis In Myocardial Infarction (TIMI)
ow grades and myocardial blush were assessed visually
ccording to standard definitions.5,6 Quantitative coronary
ngiographic analysis was performed as previously de-
cribed.7,8 Measurements of minimal luminal diameter, ref-
rence diameter, percent diameter stenosis, and diameter of
he vessel at the “landing zone” of the filter wire were
btained. Acute gain was calculated as the difference be-
ween minimal luminal diameter after stenting and that
efore dilatation. Time to treatment was defined as the time
lapsing from emergency room arrival to the wire crossing
f the lesion. Major adverse cardiac events, including death,
onfatal myocardial reinfarction, and congestive heat fail-
re, were monitored throughout the study. Diagnosis of
ecurrent myocardial infarction was based on typical chest
ain, new ST-segment changes, and an increase in creatine
inase �50% over the previous level in �2 blood sam-
les.9,10

ST-segment resolution was determined by an indepen-
ent electrocardiographic core laboratory (DCRI, Duke
niversity, Durham, North Carolina) from paper electrocar-
iogram (ECG) at 0 minutes (enrolling ECG) and at 60 and
0 minutes in 34 patients and from continuous 24-hour
igital 12-lead electrocardiographic recordings (Northeast
onitoring 180, Boston, Massachusetts) in 53 patients. The

ontinuous electrocardiographic recording was initiated be-
ore catheterization and continued for 24 hours. Instrumen-
ation and core laboratory analysis methods employed have
een previously published.6,7 ST-segment levels were mea-
ured 60 ms after the J-point in the lead with maximal
T-segment elevation. ST-segment recovery was deter-
ined by comparing ECGs recorded at different intervals

fter the last contrast injection, with the most abnormal
CG in the data recorded between study enrollment and
rrival in the catheterization laboratory. Changes during the
nterventional procedure were excluded from analysis. Per-
ent ST-segment resolution was categorized using the
chroeder classification as complete (�70%), partial (30%

o 70%), or absent (�30%).4,11 The primary end point was
respecified as the dichotomous rate of complete ST-seg-
ent resolution measured 60 and 90 minutes after the last

ontrast injection.
All data were analyzed on an intention-to-treat basis and

ccording to protocol (patients who actually received the
lter). Discrete variables are reported as percentages and

ontinuous variables as means � SDs or medians and in- h
erquartile ranges. To test differences between treatment
roups, we used Fisher’s exact test or chi-square test, as
ppropriate, for discrete variables and 1-way analysis of
ariance for continuous variables. Some analyses of contin-
ous variables were corroborated by nonparametric testing
ith the Mann-Whitney U test. The same models were used

o assess the interaction of the study treatment with time
rom onset of pain to PCI with regard to our primary end
oint. SAS 8.2 (SAS Institute, Cary, North Carolina) was
sed for all statistical analyses. In the 2-tailed test, p � 0.05
as regarded as statistically significant.
The study comprised 100 consecutive patients with

TEMI, 51 of whom were assigned to the FilterWire EZ and
9 to conventional PCI (control group) using a standard
.014-inch floppy guidewire. There were no significant dif-
erences between groups regarding baseline demographic,
linical, and angiographic characteristics (Tables 1 and 2),
xcept for preprocedural TIMI grade flow and time to treat-
ent. Median time from chest pain onset to emergency

oom admission of all 100 study participants was signifi-
antly (1 hour) longer in the filter than in the control group
p � 0.004); however, the time lapse from emergency room
rrival to wire crossing of the lesion was the same (p �
.27; Table 1). Nevertheless, median time from chest pain
nset to emergency room in the 63 patients who arrived �6
ours or 80 patients who arrived �12 hours from chest pain
nset to the emergency room was not significantly different
etween groups (1.8 vs 1.5 hours, p � 0.29; 1.8 vs 1.8
ours, p � 0.18, respectively). Further, time lapse from
mergency room admission to wire crossing of the lesion
as similar in the 2 study groups who arrived at the emer-
ency room �6 or �12 hours from onset of chest pain.

Although most patients in the 2 groups had an occluded
nfarct-related artery (TIMI grade 0/1 flow), the rate was

able 1
aseline demographic, clinical, and angiographic characteristics of the

tudy population

ariable Filter Wire
(n � 51)

Controls
(n � 49)

p
Value

ge (yrs) 60 � 12 57 � 10 0.28
omen 18% 18% 0.96
iabetes mellitus 22% 23% 0.87
ypertension 44% 51% 0.27
ypercholesterolemia
(�200 mg/dl)

48% 50% 0.84

mokers 43% 44% 0.92
revious myocardial infarction 12% 11% 0.89
revious coronary bypass grafting 0% 2% 0.31
revious PCI 12% 14% 0.71
hest pain to emergency room (h) 3.0 (1.5–7.0) 2.0 (1.1–3.0) 0.004
mergency room to wire cross (h) 1.5 (0.8–2.3) 1.5 (1.2–2.3) 0.27
eak ST-segment elevation (mm) 3.0 3.4
se of glycoprotein IIb/IIIa
inhibitors

74% 77% 0.72

eft ventricular ejection fraction* 47% 44% 0.56

Values are means � SDs, percentages of patients, or medians (inter-
uartile ranges).
* First evaluation after the procedure by ventriculography or

chocardiography.
igher in those assigned to the usual therapy than in those
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913Coronary Artery Disease/Filter Distal Protection Device in Primary PCI
ssigned to the filter wire (92% vs 78%, p � 0.02, respec-
ively; Figure 1). However, TIMI grade 0/1 flow was similar
n the 2 study groups in the 63 patients arriving at the
mergency room �6 hours or the 80 patients who arrived
12 hours from chest pain onset.
The FilterWire EZ was successfully placed as the first

nd only wire used in only 23 patients (56%). Six patients
12%) required a second “buddy wire” and 8 (16%) under-
ent predilatation using an undersized balloon. However, in
patients (16%), the device could not be advanced beyond

he lesion despite several technical maneuvers, mainly due
o vessel tortuosity and/or calcification.

Although microscopic inspection showed captured de-
ris in 52% of filters, there were no differences in postpro-
edural TIMI flow grade or myocardial blush score (Figures

able 2
rocedural and quantitative angiographic data of target lesion

ariable Filter Wire
(n � 51)

Controls
(n � 49)

p
Value

nfarct coronary artery
Left anterior descending 51% 53% 0.32
Left circumflex 14% 10% 0.77
Right 35% 37% 0.58
essel diameter (mm) 3.0 � 0.5 3.1 � 0.5 0.78
inimal luminal diameter (mm) 0.18 � 0.4 0.19 � 0.3 0.92

esion location
Proximal 49% 39% 0.31
Middle 49% 55% 0.55
esion length (mm) 22.8 � 9 23.3 � 9 0.69
ire technical success* 84% 100%

Cross as first wire 56% —
Cross with buddy wire 12% —
Cross after balloon dilatation 16% —
ebris present 52% —
rocedural success† 88% 94% 0.22

Data are expressed as mean � SD or percentage of patients.
* Technical success was defined as successful delivery of the wire to the

ntended target site.
† Procedural success was defined as a final diameter stenosis �50% and

IMI grade �2 flow.
— � no information.

igure 1. Preprocedural epicardial TIMI grade flow of the control group (n
49) (black bars) and FilterWire group (n � 51) (white bars).
and 3) in the 2 study groups, even when analyzing data of fi
he 63 patients arriving �6 hours or 80 patients arriving
12 hours at emergency room admission from chest pain

nset.
The 2 groups were similar regarding 60- and 90-minute

ercent ST-segment resolution, even in the 63 patients ar-
iving �6 hours or 80 patients arriving �12 hours from
hest pain onset to emergency room admission. Sixty-six
ercent of study participants had complete, 25% had partial,
nd 10% had no ST-segment resolution (Figure 4). Com-
lete ST-segment resolution at 30 minutes from the
ast contrast injection was also the same in the 2 groups
Figure 5).

The FilterWire EZ was designed for optimal use in
essels �3 mm. In a subgroup analysis (n � 42), a blush
core of 3 was achieved in 94% of patients in whom the
lter’s landing zone was in a vessel �2.5 mm in diameter
ompared with only 55% in those with a smaller vessel
iameter (p � 0.04). This corresponds to a better micro-
copic debris capture in filters located in large versus small
essels (58% vs 37%, p � 0.08).

During 30-day follow-up, 4 patients (4%) developed
ajor adverse cardiac events. Two patients (4.5%) from the

igure 2. Final procedural epicardial TIMI grade flow of the control group
n � 48) (black bars) and FilterWire group (n � 49) (white bars).

igure 3. Final procedural myocardial blush score of the control group (n
48) (black bars) and FilterWire group (n � 49) (white bars).
lter wire group and none from the control group died (p �
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.17); 1 developed a hemorrhagic stroke on day 1 and died
ithin a week and the other patient died of septic shock on
ay 4. Recurrent myocardial infarction was observed in 1
atient (2.3%) in the control group and none in the Filter-
ire group (p � 0.33). Angina pectoris after myocardial

nfarction was observed in 1 patient (2.4%) in the filter
roup and none in the control group (p � 0.30). There was
o incident of congestive heart failure during 30-day fol-
ow-up in any study participant.

iscussion

he use of the FilterWire EZ distal protection device in
atients undergoing primary PCI for STEMI did not im-
rove angiographic epicardial coronary blood flow or myo-
ardial tissue reperfusion as assessed by ST-segment reso-
ution and myocardial blush score.

The ability of the filter wire to capture thromboembolic
ebris has been described in previous studies and the safety
nd feasibility of the FilterWire EZ in patients with acute
yocardial infarction previously suggested by Limbruno et

l,1 Giri et al,12 and Henriques et al.13 In this study, angio-
raphically visible distal embolization occurred in only 2%
f patients with filter wire protection compared with 15% in
matched case-control group (p � 0.03), although captured

igure 4. Percent ST-segment resolution at 60 minutes categorized as
omplete (�70%), partial (30% to 70%), or absent (�30%) ST-segment
esolution using the Schroeder classification in the control (black bars) and
ilterWire (white bars) groups.

igure 5. Mean percent ST-segment resolution from last contrast (LC)
njection in the study cohort.
ebris was found in all microscopically examined filters. h
ccordingly, compared with a matched case-control group,
he filter wire significantly improved ST-segment resolution
nd corrected TIMI frame count. Our myocardial perfusion
ndings contradict those of Limbruno et al,1 whose findings
hould be interpreted cautiously because their study was
onrandomized with a limited sample and a low rate of
ostinterventional TIMI grade 3 flow (85%) in the control
roup. The results of our present study are in concordance
ith 2 relatively large prospective randomized trials, the
nhanced Myocardial Efficacy and Recovery by Aspiration
f Liberalized Debris (EMERALD)14 and the Protection
evices in PCI Treatment of Myocardial Infarction for
alvage of Endangered Myocardium (PROMISE)15 studies.
he PROMISE study, which randomized 200 patients with
on-STEMI and STEMI to distal protection, used the Fil-
erWire EX (a previous prototype of the FilterWire EZ) or
o protection during primary PCI and demonstrated that the
lter wire was as effective in capturing embolic debris as in
ur UpFlow MI study. A possible explanation for the neg-
tive results of the PROMISE trial could be due to the
nclusion criteria, which differed from those in our study:
1) patients with non-STEMI and STEMI were enrolled in
he PROMISE trial compared with only patients with
TEMI in our study; (2) the PROMISE study enrolled
atients �48 hours from symptom onset compared with
24 hours in our study; and (3) 1 inclusion criterion in the

ROMISE trial was increased myocardial markers. These
iscrepancies raise the possibility of a belated attempt to
ecrease myocardial damage in the PROMISE trial. How-
ver, this explanation is not supported by the negative re-
ults of our study. Another important limitation of the
ROMISE study was the use of the FilterWire EX, which
as replaced by the manufacturer with the EZ version to

mprove the centering of the device in the vessel to improve
ts capturing capabilities. However, the relatively lower
rossing success of the EZ filter (84%), the need for balloon
redilation in 16% of patients, and the 95% crossing success
n PROMISE but with a 50% need for balloon predilation
robably contributed to the failure of the 2 studies to effec-
ively protect myocardial perfusion. In lieu of the PROM-
SE and our present study results, it appears more likely that
istal embolization after primary PCI, which may be pre-
ented by protection devices, exerts only minor effects
ompared with consequences of ischemic microvascular
amage16,17 or spontaneous distal embolization arising from
uptured or eroded plaques during the natural course of
cute myocardial infarction insult.18,19 Moreover, catheter
evice-induced myocardial damage may play a role in com-
romising the clinical benefit of distal protection. This the-
ry is supported by the EMERALD study, which used a
alloon occlusion system for distal protection.14

Although this was a randomized study, there was a
-hour median time difference from chest pain onset to
mergency room arrival between the 2 treatment arms. We
annot exclude the possibility that the longer lapse from
hest pain to emergency room arrival impaired myocardial
icrocirculation before the procedure in the FilterWire

roup, thus limiting its efficacy, although improved prepro-
edural TIMI flow grades counteract this assumption. How-
ver, when analyzing those patients who arrived �6 or �12

ours from chest pain onset to hospital admission, there
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915Coronary Artery Disease/Filter Distal Protection Device in Primary PCI
ere no significant differences between the 2 study groups
ith regard to their primary outcomes, including TIMI and
lush scores before and after the procedure and 60- and
0-minute percent ST-segment resolutions. Because debris
as noted in only 52% with use of the FilterWire EZ, a

ubstantial amount of debris might have already embolized
efore the procedure or even with the FilterWire placement,
hus decreasing its clinical efficacy. With longer time from
ain onset, further irreversible myocardial damage at the
ime of reperfusion may be expected and additional throm-
us material, which might have already been embolized
istally, could affect the microvasculature. Due to technical
roblems we were able to perform complete analysis of
T-segment resolution in only 87% of patients and therefore
nable to study the effectiveness of the FilterWire EZ on
T-segment resolution according to vessel size.

We conclude that this study does not provide a rationale
or routine use of the FilterWire EZ as an adjunct to primary
CI in myocardial infarction.
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