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Protection of Distal Embolization in High-Risk Patients With Acute
ST-Segment Elevation Myocardial Infarction (PREMIAR)

Fernando A. Cura, MDa,*, Alejandro Garcia Escudero, MDb, Daniel Berrocal, MDc,
Oscar Mendiz, MDd, Marcelo S. Trivi, MDa, Juan Fernandez, MDe, Alejandro Palacios, MDe,

Mariano Albertal, MDa, Ruben Piraino, MDf, Miguel Angel Riccitelli, MDb, Luis Gruberg, MDk,
Miguel Ballarino, MDg, Jose Milei, MDh, Ricardo Baeza, MDi, Jorge Thierer, MDa,

Liliana Grinfeld, MDc, Mitchell Krucoff, MDi, William O’Neill, MDj, and Jorge Belardi, MDa,
on behalf of the PREMIAR Investigators

Distal embolization may decrease myocardial reperfusion after primary percutaneous
coronary intervention (PCI). Nonetheless, results of previous trials assessing the role of
distal protection during primary PCI have been controversial. The Protection of Distal
Embolization in High-Risk Patients with Acute ST-Segment Elevation Myocardial Infarc-
tion Trial (PREMIAR) was a prospective, randomized, controlled study designed to eval-
uate the role of filter-based distal protection during PCI in patients with acute ST-segment
elevation myocardial infarction at high risk of embolic events (including only baseline
Thrombolysis In Myocardial Infarction grade 0 to 2 flow). The primary end point was
continuous monitoring of ST-segment resolution. Secondary end points included core
laboratory analysis of angiographic myocardial blush, ejection fraction measured by car-
diac ultrasound, and adverse cardiac events at 6 months. From a total of 194 enrolled
patients, 140 subjects were randomized to PCI with or without embolic protection, and 54
were included in a registry arm due to the presence of angiographic exclusion criteria.
Baseline characteristics were comparable between arms. The rate of complete ST-segment
resolution (>70%) at 60 minutes was similar in patients treated with or without distal
protection (61.2% vs 60.3%, respectively, p � 0.85). Angiographic myocardial blush (67%
vs 70.7%, p � 0.73), in-hospital ejection fraction (47.4 � 9.9% vs 45.3 � 7.3%, p � 0.29),
and combined end point of death, heart failure, or reinfarction at 6 months (14.3% vs
15.7%, p � 0.81) were consistently achieved in a similar proportion in the 2 groups. In
conclusion, the use of filter-based distal protection is safe and effectively retrieves debris;
however, such use does not translate into an improvement of myocardial reperfusion, left
ventricular performance, or clinical outcomes. © 2007 Elsevier Inc. All rights reserved.

(Am J Cardiol 2007;99:357–363)
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nadequate myocardial reperfusion at the tissue level is a
requent finding after primary percutaneous coronary inter-
ention (PCI) and has been associated with subsequent poor
linical outcomes.1–4 Several factors may have an effect on
his phenomenon, such as microvascular vasoconstriction,
eperfusion injury, or endothelial damage; however, embo-
ization of atheromatous and thrombotic debris distally to
he microcirculation occurs frequently and may have a ma-
or role in myocardial reperfusion.1,5,6 Although pilot stud-
es and small randomized trials have suggested a certain
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egree of benefit for patients undergoing primary angio-
lasty with various antiembolic devices,7–9 other random-
zed trials have not proved the concept.10,11 Two factors
ay have limited the benefit of distal protection in those

rials: inclusion of patients with ST-elevation myocardial
nfarction (STEMI) who are at low risk for embolic events
nd technical limitations of devices. We therefore examined
he safety and efficacy of a novel low-profile, filter-based,
istal embolic device (SpideRX, ev3, Inc., Minneapolis,
innesota) as an adjunct to routine primary or rescue (i.e.,

fter failed thrombolysis) angioplasty of patients with
TEMI at high risk for embolic events (infarct-related ar-

ery with baseline Thrombolysis In Myocardial Infarction
TIMI] grade �2 flow3).

ethods
Study design and population: The Protection of Distal

mbolization in High-Risk Patients with Acute Myocardial
nfarction (PREMIAR) study was a prospective, random-
zed, controlled clinical trial performed at 20 institutions in

countries. Investigators were selected after demonstration

f experience using the device. Patients 21 to 80 years old

www.AJConline.org
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ho presented with continuous chest pain for �30 minutes
nd within 12 hours of onset of pain and ST-segment ele-
ation �2 mm (0.2 mV) in �2 contiguous leads on 12-lead
lectrocardiography consistent with acute MI and referred
o primary or rescue angioplasty were approached for in-
lusion in the study. Clinical exclusion criteria included
resence of cardiogenic shock, aortic dissection, cardiac
amponade, myocarditis, revascularization by coronary by-
ass surgery or percutaneous intervention within 6 months,
ral anticoagulation, pregnancy, known renal failure (de-
ned as creatinine level �2 mg/dl), and allergy to nitinol,
tainless steel, aspirin, or thienopyridine. Patients were in-
luded only in the absence of conditions precluding evalu-
tion of ST-segment changes on the admission electrocar-
iogram, such as sustained idioventricular rhythm, presence
f a ventricular pacemaker, left bundle branch block, Wolff-
arkinson-White syndrome, or a technically inadequate
lectrocardiogram.

Before the procedure, 24-hour, continuous, digital, high-
delity 12-lead electrocardiographic ST-segment monitor-

ng (Northeast Monitoring 180�, Boston, Massachusetts)
as initiated. Enrolled subjects underwent coronary cathe-

erization to evaluate them against angiographic exclusion
riteria, such as baseline TIMI grade 3 flow, culprit lesion
ith �50% diameter stenosis, target lesion in a saphenous
ein graft, or a vessel �2.5 mm, left main trunk disease,
ifurcation lesion (side branch �2.5 mm), excessive prox-
mal tortuosity, or need for treatment of �1 vessel during
he index procedure (Figure 1). After diagnostic angiogra-
hy, subjects were further randomized in a 1:1 ratio, ac-
ording to infarct-related coronary artery (left anterior de-
cending coronary artery) and the physician’s intention to
se glycoprotein IIb/IIIa inhibitors, to PCI with adjunctive
pideRX or PCI alone.

All patients received 325 mg of aspirin and a loading oral
ose of 300 to 600 mg of clopidogrel before or immediately
fter the procedure. After catheter introduction, all subjects
eceived intravenous boluses of heparin in sufficient doses
o prolong the activated clotting time to �250 seconds. Use
f glycoprotein IIb/IIIa inhibitors was at the discretion of

Figure 1. PREMIAR trial flowchart.
he investigator. Clopidogrel was recommended to be m
ontinued for 12 months and 80 to 160 mg of aspirin
ndefinitely.

Description of the SpideRX distal embolic protection
ystem: The SpideRX embolic protection device (ev3, Inc.)
onsists of a Teflon-coated 0.014-inch stainless-steel cap-
ure wire for use with rapid-exchange systems and a dual-
nd rapid-exchange delivery-recovery catheter (Figure 2).
he capture wire has an atraumatic floppy tip and a heparin-
oated nitinol mesh filter available in 5 sizes of 3 to 7 mm.
he diameter of the capture wire was selected to be �0.5
m larger than the vessel diameter at the site of filter

eployment. Unlike other distal protection devices, the cap-
ure wire in the SpideRX device is not used to cross the
arget lesion. Instead, the operator selects an independent
.014-inch guidewire to cross the target lesion and access
he distal coronary artery based on anatomic and morpho-
ogic considerations or personal preference. Once the coro-
ary guidewire is positioned distal to the target lesion, the
.2Fr delivery catheter is advanced en bloc; once the em-
olic protection device is 1.5 to 2 cm distal to the target
oronary lesion, the guidewire is removed. The delivery
atheter is then retracted and removed to deploy the nitinol
lter. After angioplasty and stent deployment, the 4.2Fr
ecovery end of the catheter is advanced to recapture the
lter and remove it from the patient.

Primary end point: Continuously updated ST-segment
esolution analysis using 24-hour digital 12-lead electrocar-
iographic recordings quantifying the speed, completeness,
nd stability of reperfusion was performed for all patients in

blinded manner at the Catholic University (Santiago,
hile)/Duke Clinical Research Institute Virtual Electrocar-
iogram Core Laboratory (Durham, North Carolina). De-
ailed definitions of standard parameters of ST-segment
ecovery analysis have been previously published.12 In
rief, peak ST elevation before PCI was compared with
T-segment levels 60 minutes after the final contrast

njection in the most abnormal single lead of the standard
2-lead electrocardiogram. Percent resolution of ST-seg-
ent elevation was categorized as complete (�70%),

artial (30% to 70%), or absent (�30%).13 The primary
nd point of the study was the dichotomous rate of
omplete ST-segment resolution at 60 minutes, defined as
70% recovery compared with baseline during continu-

us ST-segment monitoring.

Secondary end points: A combined clinical end point of
eath, reinfarction, or presence of heart failure at 6 months
fter the procedure was calculated. Reinfarction was defined
s previously described.11 Heart failure was defined as pul-
onary edema documented radiographically or requiring

ntubation, insertion of an intra-aortic balloon pump, or
equirement of pharmacologic pressor support. All ad-
erse events were adjudicated by a clinical events com-

Figure 2. SpideRX distal filter.
ittee blinded to treatment group after review of original
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359Coronary Artery Disease/Distal Protection in Acute Myocardial Infarction
ource documentation. Blinded angiographic evaluation
as performed to assess TIMI flow grade, TIMI myocar-
ial perfusion grade, and TIMI frame count before
nd after PCI.14 Cardiac ultrasound was performed within
8 to 72 hours, and ejection fraction and end-diastolic
nd end-systolic volumes were assessed by blinded
eviewers.15

Statistical analysis: The subject sample size was calcu-
ated based on the demonstration of a 24% improvement in
he proportion of patients with complete ST-segment reso-
ution (defined as �70%). For this end point, with � � 0.05
nd 80% power, the number of subjects required per group
as 62 (total of 124 patients). To account for attrition, the

ssumed sample size calculated was 140 patients, 70 pa-
ients for each group. Simple descriptive statistics were used
o summarize baseline characteristics of the randomized
reatment group. Abnormal distributions were expressed as
edians (interquartile ranges [IQRs]). Chi-square, Fisher’s

xact test, or Student’s t test was used to compare groups, as
ppropriate. All analyses were completed as intention to
reat, and all comparisons are 2-sided.

esults

rom December 2004 to November 2005, 194 patients with
TEMI were included in the study. Fifty-four patients were
xcluded due to the presence of angiographic exclusion
riteria, such as presence of TIMI grade 3 flow (n � 17),
arget lesion in a saphenous vein graft (n � 2), excessive
ortuosity (n � 11), vessel �2.5 mm (n � 8) and bifurcation
esion (n � 9), or need for treatment of �1 vessel during the
ndex procedure (n � 7). Therefore, 140 high-risk patients
including only those with baseline TIMI grade 0 to 2 flow)
ere randomized to undergo PCI with distal protection or
CI alone (Figure 1). Baseline demographic and angio-
raphic characteristics were comparable between the 2 ran-

able 1
aseline clinical and angiographic characteristics

ariable Distal
Protection
(n � 70)

Control
(n � 70)

p Value

ge (yrs) 60.2 � 9.9 60.4 � 10.4 0.20
en 86% 77% 0.19
iabetes mellitus 19% 20% 0.75
urrent smoker 33% 47% 0.08
ypertension 56% 49% 0.40
ody mass index (kg/m2) 28.6 � 4.1 27.6 � 5.1 0.15
revious MI 21% 13% 0.18
revious coronary
revascularization

13% 9% 0.44

rimary coronary angioplasty 97% 96% 0.65
illip class �II 26% 19% 0.31
ymptom onset to
angiography (min)

150 (80–270) 146 (75–236) 0.45

aseline peak ST-segment
elevation in most abnormal
lead (mV)

6.04 � 4.9 6.19 � 4.3 0.85

Values are means � SDs, percentages of patients, or medians (IQRs).
omized groups (Tables 1 and 2). r
The distal protection device was used successfully in 66
f 70 patients (94%) allocated to the filter group, although
redilatation was required to facilitate delivery in 33 of 66
44%). Visible macroscopic atherothrombotic debris was
oted in the filters by visual assessment in 48% of patients
rom the filter arm. The procedural time was 10.1 � 6.2
inutes longer in patients treated with distal protection

ompared with the control arm (Table 2). In patients treated
ith the filter, there was no significant difference in the

easibility and efficacy between treatment of anterior and
onanterior infarct-related arteries. Filter sizes of choice
ere 3 mm in 54.3% and 4 mm in 45.7% of patients.

Myocardial reperfusion and salvage: The primary end
oint of complete ST-segment resolution at 60 minutes after
he final contrast injection occurred in similar proportions in
he 2 groups (Table 3 and Figure 3). Mean 60-minute
ercent ST-segment resolutions were also similar between
rms (74.7 � 19.5 vs 74.6 � 20.4, respectively, p � 0.95).
oreover, there was no difference in degree of ST-segment

able 2
rocedural and core laboratory angiographic characteristics

ariable Distal
Protection
(n � 70)

Control
(n � 70)

p Value

aseline TIMI flow 0.89
0 80% 77%
1 5% 6%
2 15% 17%
eference vessel diameter (mm) 3.05 � 1.24 3.09 � 1.34 0.87
aseline diameter stenosis (%) 96.1 � 9.5 95.1 � 14.6 0.62
esion length (mm) 19.54 � 8.67 17.58 � 7.85 0.60
ngiographic thrombosis 90% 97% 0.12
2 diseased coronary arteries 45% 50% 0.86

tents used 99% 97% 0.55
eed for predilatation before

stenting
81% 74% 0.31

lycoprotein IIb/IIIa inhibitors
used

26% 26% 0.92

eft anterior descending artery
target

53% 56% 0.73

otal amount of contrast (ml) 268 � 102 245 � 105 0.20
otal procedure time (min) 52 (43–70) 43.5 (30–54) �0.001
inal TIMI flow 0.49
0–1 3% 5%
2 19% 9%
3 78% 86%
inal corrected TIMI frame count 28.2 � 22.4 25.5 � 20.1 0.50
inal perfusion grade 0.51
0–1 18% 18%
2 15% 7%
3 67% 71%
ngiographic complications 10% 17% 0.26
Distal embolization 7% 11%
Coronary dissection 0% 0%
Side branch closure 0% 2%
No-reflow phenomenon 3% 3%
Coronary thrombosis 3% 12%
Spasm 0% 0%
Perforation 0% 0%

Values are percentages of patients, means � SDs, or medians (IQRs).
esolution at any postprocedural period (Figure 3). Further,
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o subgroup was identified in which ST-segment resolution
as more profound with distal protection compared with the

ontrol group (Table 3).
Angiographic core laboratory data was obtained in 89%

f patients. Final angiographic flow parameters were similar
etween groups as was the incidence of angiographic com-
lications (Table 2).

Between the distal protection group and the control
roup, we found no significant difference in left ventricular
jection fraction (47.4 � 9.9% vs 45.3 � 7.3%, p � 0.29;
edian 49%, IQR 42 to 53, vs 46%, IQR 43 to 50, p �

.15), end-diastolic volume (105.5 � 23.2 vs 108.7 � 32.6
l, p � 0.62; median 107 ml, IQR 93 to 119, vs 104 ml,

QR 87 to 125, p � 0.93), or end-systolic volume (57.5 �
9.6 vs 60.9 � 23.2 ml, p � 0.49; median 57 ml, IQR 46 to
2, vs 57 ml, IQR, 46 to 70, p � 0.62). Peak creatinine
inase values were 2,302 U/ml (IQR 1,345 to 3,658) in the
istal protection group and 2,657 (IQR 1,298 to 4,245) in
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igure 3. Complete ST-segment resolution (STR; �70%) in different
eriods after primary angioplasty in the 2 arms.

able 3
ubgroup analysis for primary endpoint of complete ST-segment resolutio

ariable Rate of Co
Resolu

Distal Protection
(n � 70)

ll patients 61%
nfarct-related artery
Left anterior descending 45%
Non–left anterior descending 81%
se of glycoprotein IIb/IIIa inhibitors 81%
Men 58%
Women 80%
ime to admission (according to median)
Shorter (�150 min) 58%
Longer (�150 min) 66%
iabetes mellitus 46%
aseline thrombosis 60%
aseline TIMI flow
0/1 63%
2 50%
urrent smoking 82%

CI � confidence interval.
he control group (p � 0.54). g
Particulate analysis: Histopathologic analysis was per-
ormed in 12 consecutive cases from 1 site. Particles were
ecovered in all filters. Number of particles analyzed ranged
rom 8 to 48 per filter. Particles ranged from 101 to 1,299
m in maximum diameter and from 212 to 1,487 �m2 in
rea. Most particles were composed of platelet clumps, red
ells, and fibrin, which led to the diagnosis of fresh throm-
us (Figure 4). Cellularity was widely variable, often in-
luding monocytes, polymorphonuclear cells, and lympho-
yte clusters. Amorphous areas were observed within the
brin network, which suggested the presence of ongoing

hrombus organization and/or plaque remnants. Particles
ith a mucopolysaccharide amorphous extracellular matrix,
hich stained positive with Alcian blue, were observed in 4

ases, which also supports the presence of plaque compo-
ents within the detached material. Lipid vacuoles, foam
ells, smooth muscle cells, cholesterol clefts, and calcified
reas were rarely observed.

Clinical outcome: Although the 30-day and 6-month
ates of mortality and heart failure were similar between
rms, reinfarction and consequent urgent reintervention
vents were more frequent in the control group compared
ith the distal protection arm. However, the predefined

ombined end point of death, reinfarction, or heart failure at
months was similar in the 2 arms (Table 4). Elective target
essel revascularization rate was identical in the 2 groups
8.6%).

iscussion

n this prospective, randomized, controlled, clinical trial of
atients with STEMI who underwent primary or rescue PCI,
filter-based distal protection device did not improve myo-

ardial reperfusion as demonstrated by quantitative biomar-
ers, such as continuous ST-segment resolution or angio-

%) at 60 minutes

ST-Segment
60 min

Difference
(95% CI)

p Value

Control
(n � 70)

60% 1 (�15 to 17) 0.91

40% 5 (�18 to 27) 0.66
87% �6 (�24 to 12) 0.52
60% 21 (�10 to 57) 0.19
60% �2 (�20 to 17) 0.85
62% 17 (�17 to 52) 0.34

65% �7 (�31 to 17) 0.57
59% 7 (�16 to 30) 0.56
50% �4 (�41 to 34) 0.56
59% 1 (�18 to 19) 0.96

62% 1 (�19 to 19) 0.98
55% �5 (�50 to 39) 0.80
73% 9 (�13 to 32) 0.43
n (�70

mplete
tion at
raphic blush grade. Left ventricular performance, peak
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reatine kinase release, and clinical outcomes were essen-
ially identical in the 2 arms, showing no improvement in
TEMI from distal protection.

Several previous reports demonstrating retrieval of mac-
oscopic atherothrombotic debris of patients with STEMI
sing thrombectomy or distal protection devices have sug-
ested a beneficial effect during primary PCI.7–9,16–20 Nev-
rtheless, these early encouraging results contrasted with
he results of other larger recent randomized trials.10,11 Our
ndings are consistent with and extend those of previous

arge randomized studies in 2 ways. First, we tested the
erformance of a low-profile, user-friendly distal filter de-
ice, the SpideRX embolic protection device, demonstrating
ts safety and feasibility as an adjunct during primary PCI in

igure 4. Different views of particulate obtained from filters and panorami
ith very small particles in (D). (B, C) Some areas stained light pink are

able 4
linical outcome at six months

ariable Distal Protection
(n � 70)

Control
(n � 70)

p Value

eath
30 d 5.7% 5.7% 1
6 mos 7.1% 5.7% 0.73
eart failure
30 d 11.4% 10.0% 0.78
6 mos 12.8% 11.4% 0.79
einfarction
30 d 0% 7.1% 0.02
6 mos 0% 7.1% 0.02
ombined end point
30 d 14.3% 14.3% 1
6 mos 14.3% 15.7% 0.81
he native coronary circulation, even in the setting of e
TEMI with poor visualization of the distal vessel. The
election of the filter size and device deployment was per-
ormed without clear visualization of the distal vessel in
0% of subjects who had baseline TIMI grade 0 flow.
econd, this study intended to select a subgroup of patients
ith STEMI at higher risk of distal embolization. Because

ngiographic detection and measurement of thrombus bur-
en are very subjective with a wide interobserver variabil-
ty, we used a more reliable variable to select the study
opulation at higher risk based on baseline TIMI flow.
herefore, only patients with baseline TIMI grade 0 to 2
ow were included to represent a group that may derive a
ore profound benefit from distal protection.3

The increment in procedural time, the frequent need to
redilatate the lesion to position the filter device, the pres-
nce of unprotected side branches proximal to the distal
ystem, the potential risk of device-triggered embolization
hile crossing the lesion, and the limited amount of cap-

ured debris may explain the lack of a protective effect of
ifferent distal protection systems in the STEMI setting.21,22

lthough the capability of the SpideRX device to capture
mboli debris has been demonstrated repeatedly,23 the cap-
ured material was mainly thrombotic, with a broad range of
ebris volume from extremely few and small particles to
ery numerous and large atherothrombotic debris.

The present study was unable to identify any specific
TEMI subgroup that might profit from adjunctive distal
rotection. Of note, only 26% of patients enrolled in the
REMIAR trial received glycoprotein IIb/IIIa inhibitors
ompared with most patients in previous randomized tri-
ls.10,11 However, no benefit of distal protection was seen,

of a recent thrombus are shown. (A) An extensive thrombus is compared
ous of being plaque remnants. Hematoxylin and eosin stain, 40�.
c views
ven when analysis was confined to the subgroup of patients
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ithout glycoprotein IIb/IIIa inhibitors. An unexpected
nding from our study was the reinfarction rate, which was
ignificantly lower in patients treated with adjunctive use of

distal protection device. The association with a higher
ncidence of final intraluminal thrombosis in the control
roup might partly explain this phenomenon. However, this
esult is not consistent with any previous distal protection
tudies in acute myocardial infarction10,11 and needs further
onfirmation in a larger cohort of patients.

We have to recognize several limitations. The present
tudy focused on assessment of clinical surrogates of myo-
ardial reperfusion; hence, it was underpowered to detect
mall differences in clinical events. Nonetheless, similar
esults in the combined clinical end point strongly suggest a
ack of clinical benefit from distal protection during primary
CI. Assignment of study treatment was not blinded for the

nvestigators or patients, and we cannot exclude bias on the
art of the investigators as a factor influencing outcomes.
owever, continuous ST-segment resolution, cardiac ultra-

ound variables, and angiographic flow characteristics were
ssessed by independent core laboratories blinded to treat-
ent assignment, and the clinical adverse events were ad-

udicated by an independent committee after reviewing
riginal documents.

cknowledgment: We thank Mercedes Resk, MD, and
aria Dolores Bazzino, MA, for excellent work in data
onitoring and management.
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