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stents, expanded use Aims: We report 2-year outcomes in a large unselected drug-eluting stent population (N=7,492) in the

of drug-eluting stents TAXUS Express? ARRIVE post-market surveillance programme (101 U.S. sites).
Methods and results: No specific inclusion/exclusion criteria were mandated; patients enrolled at procedure
initiation. Two-year follow-up was 94%, with independent adjudication of major cardiac events, monitoring
of patients with cardiac events and an additional 10-20% sample by site. Most ARRIVE cases (64%,
n=4,794) typified expanded use based on patient/lesion characteristics outside the simple use (single
vessel/stent) pivotal trial populations. These expanded use patients had higher 2-year rates than simple use
patients for mortality (7.8% vs. 4.2%, P<0.001), myocardial infarction (MI, 3.9% vs. 2.2%, P<0.001),
target lesion revascularisation (TLR, 9.2% vs. 5.4%, P<0.001), and stent thrombosis (3.3% vs. 1.4%,
P<0.001). Among subgroups with renal disease, chronic total occlusion (CTO), lesion >28 mm, reference
vessel diameter (RVD) <2.5 mm, multivessel stenting, acute MI, bifurcation, vein graft, or in-stent
restenosis, TLR ranged from 3.8% to 8.9% in year one, and from 1.3% to 6.0% during year two.
Conclusions: Mortality and stent-related events were higher in expanded use than simple use patients in
the pivotal trials. ARRIVE provides a detailed estimate of procedural and 2-year outcomes in such real-
world patients.
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TAXUS ARRIVE Registry programme 2-year outcomes

Introduction

Randomised, controlled trials (RCT) have demonstrated a clear
restenosis advantage of drug-eluting stents (DES) over bare-metal
stents (BMS), with no significant difference in death or myocardial
infarction (MI) in the generally uncomplicated patients/lesions
studied in such trials.!* However, the inherent homogeneity of RCT
patients limits the ability to extrapolate their findings to routine
practice that involves a broader range of clinical conditions and
lesion types. The U.S. Food and Drug Administration (FDA) thus
mandated as a condition for approval of the paclitaxel-eluting
TAXUS™ Express™ stent (PES) the systematic collection of data
through 2-years among unselected patients. The TAXUS peri-
AppRoval Registry: a multlcentre safety surVEillance (ARRIVE)
programme was undertaken as a two-phase U.S. safety surveillance
registry at 103 sites. With 2-year data on 7,492 patients, including
4,794 patients who would have been excluded from pivotal RCTs,
ARRIVE allows detailed estimation of even low frequency stent
related events in a real-world DES population.

Methods

Patient selection, device, study procedure

The two registries -FDA-mandated ARRIVE 1 and the voluntary post-
market ARRIVE 2— were similarly designed to consecutively enrol
patients, as described previously.® Both are registered on the National
Institutes of Health website (Identifiers NCTO0569491 and
NCT00569751). Consecutive enrolment was defined as a
commitment by >2 investigators at each facility to enrol all consented
patients deemed appropriate for a DES. Patients provided informed
consent under a protocol approved by the local institutional review
board in conformity with the Declaration of Helsinki and FDA
guidelines. No specific inclusion/exclusion criteria were mandated; all
patients receiving a TAXUS stent were included, whether or not they
also received a non-TAXUS stent during the index procedure. Each
patient was enrolled at procedure initiation to minimise potential bias
by exclusion for complicated or unsuccessful procedures. The TAXUS
Express® PES (Boston Scientific Corporation [BSCI], Natick,
Massachusetts, USA) has been described previously.® Vessel size and
lesion length were determined by visual estimate; stents were placed
per the Directions For Use (DFU) and/or standard percutaneous
coronary intervention (PCI) practices. Dual antiplatelet therapy (aspirin
and clopidogrel/ticlopidine, DAPT) was begun before or immediately
after the procedure. Aspirin was continued indefinitely with oral
clopidogrel/ticlopidine recommended for six months per the DFU.

Data collection, monitoring, follow-up

Data, captured via web based reporting with predefined queries,
were verified against source documents for all cardiac events. To
encourage accuracy and completeness of data collection, sponsor
(BSC) monitors assessed an additional 20% per site sampling of patients
in ARRIVE 1 and 10% in ARRIVE 2. A Clinical Events Committee (CEC,
Appendix 1 - online as supplementary data at www.eurointervention.org)
independent of BSC determined the relationship of reported cardiac
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events to the study device. An event was considered “TAXUS-stent-
related” if it occurred at the stented segment or if the relationship to
the TAXUS stent could not be excluded based upon available
information.

Study definitions are in Appendix 2 (online as supplementary data at
www.eurointervention.org). Major cardiac events (MCE) included all
cardiac death, MI, and target vessel revascularisation (TVR). Follow-
up angiography was not mandated, and was performed in
accordance with local practice. Target lesion revascularisation (TLR)
was defined as “TAXUS-stent-related” TVR, given the absence of a
central angiographic core laboratory. An independent committee at
the Harvard Clinical Research Institute adjudicated stent thrombosis
(ST) per the ARC definite/probable definitions.”

Statistical analysis

Statistical analyses were carried out using the CEC’s assessment of
“TAXUS-related” cardiac events. Analyses were assessed in a
collaborative effort between the study principal and co-principal
investigators and the sponsor. Patient, lesion, and procedural
characteristics and event rates were analysed using descriptive
statistics with SAS System Software, Version 8.0 or higher (SAS
Institute, Cary, North Carolina, USA). Simple proportions with two-
sided P values from Student t-test were used for continuous variables;
chi-square test was used for noncontinuous variables. The Kaplan-
Meier product method (log-rank P value) was used for time-to-event
analyses. To identify predictors of major events at 2 years, 41 variables
(Appendix 3 online as supplementary data at www.eurointervention.org)
were assessed using backward Cox proportional hazards regression;
the threshold to remain in the model was P=0.10.

Results

Patient, lesion, and procedural characteristics

Patients were enrolled February through May 2004 (ARRIVE 1) and
October 2004 to October 2005 (ARRIVE 2). The two ARRIVE registries
(Appendix 4 online as supplementary data at www.eurointervention.org)

Table 1. ARRIVE programme experience.

Measure ARRIVE programme?®

Enrolled patients 7601

Analysed patients® 7492
ARRIVE 1 2487
ARRIVE 2 5005

1-Year follow-up
2-Year follow-up

97.1% (7274/7492)
93.9% (7035/7492)
Simple use?

All patients Expanded use?

Patients (N) 7,492 2,698 4,794
Lesions (N) 10,668 3,112 7,556
Vessels (N) 8,795 2,698 6,097
Stents (N) 11,883 3,273 8,610

Values are n or percent (count/sample size). # Statistical comparisons (baseline
demographic and lesion data, procedural, and postprocedural characteristics)
between ARRIVE 1 and ARRIVE 2 indicated data could be pooled. ® 98 patients
from two ARRIVE 1 sites were excluded from analysis due to non-compliance
with Good Clinical Practice; 9 patients excluded from ARRIVE 2 due to
simultaneous enrolment in another clinical trial; 2 excluded due to treatment
with a TAXUS stent for a dissection rather than a primary event.



were designed to allow data pooling and tested for its
appropriateness, and together comprised an analysis population of
7,492 patients (Table 1). Most ARRIVE cases (64%) were classified
as expanded use (n=4,794, Figure 1) based on patient and/or lesion
characteristics considered outside the simple use population studied
in the TAXUS IV pivotal RCT.? Baseline characteristics and a
comparison between simple and expanded use cohorts are shown in
Table 2. Expanded use had statistically significantly more baseline
comorbidities as well as more complex disease than simple use
(Table 2). Characteristics of nine expanded use subgroups show the
higher baseline risk associated with these patients (Table 3).

Clinical research

Outcomes in year 1 and year 2

Outcomes data were available for 97% and 94% of analysed
patients at 1-year and 2-years, respectively. In year one, outcomes
data were available for 7,274 patients and the 1-year per patient
composite MCE rate was 9.5% (691/7274). This included cardiac
death (2.2%, 159/7274), MI (2.1%, 155/7274), TVR (6.8%,
492/7274), and TLR (5.1%, 373/7274). In year two, outcomes data
were available for 6,882 patients and MCE occurred in 4.7%
(325/6882), consisting mostly of TVR (3.2%, 223/6882) with a TLR
rate of 2.5% (172/6882). All-cause mortality was 3.5% (257/7274)

Table 2. Baseline characteristics of ARRIVE population, simple use cohort, and expanded use cohort.

Characteristic All patients

(N=7,492)

Patient characteristics
Male
Age©

67.3% (5,043)
64.3+11.7
23.5% (1,764
75.8% (5,677

Smoker at baseline )
)
76.0% (5,691)
)
)

Hypercholesterolaemia
Hypertension

Diabetes mellitus (all)¢
Oral medication
Insulin treated

31.6% (2,368
22.9% (1,718
10.2% (764)

36.3% (2,722)
6.2% (467)
2.5% (191)

36.9% (2,765)

20.1% (1,502)

36.8% (2,725)
0.4% (31)
6.8% (511)
4.8% (359)

Previous MI

Previous stroke

Renal disease®
Multivessel disease
Previous CABG

Previous PCI
Cardiogenic shock

CHFf

Left main disease
Lesion characteristics?
Mean RVD (mm)"

Mean lesion length (mm)"
B2/C lesion"
Calcification’

3.0+0.5 (10,665)
15.6+9.2 (10,630)
50.3% (5,360)
18.2% (1937)
Prior brachytherapy 0.4% (38)
Procedural characteristics
1 Vessel treated per patient 83.9% (6,284)

68.0% (5,098)
1.1+0.4 (10,553)
20.9+11.0 (10,553)

1.6£0.9 (7,492)

1 Lesion treated per patient
Stents per lesion’

Stent length per lesion! (mm)
Stents per patient

1 60.5% (4,536)
2 26.3% (1,967)
>3 13.2% (989)

Stent length per patient’ (mm) 29.5+19.2 (7,492)

Simple use? Expanded use? P
(N=2,698) (N=4,794) Value®
65.9% (1,777) 68.1% (3,266) 0.045
63.0+11.5 65.0+11.8 <0.001
24.2% (652) 23.2% (1,112) 0.34
74.4% (2,007) 76.6% (3,670) 0.04
75.4% (2,034) 76.3% (3,657) 0.38
29.8% (805) 32.6% (1,563) 0.01
21.8% (589) 23.6% (1,129) 0.09
8.9% (241) 10.9% (523) 0.007
26.9% (725) 41.7% (1,997) <0.001
5.0% (135) 6.9% (332) 0.001
0.0%(0) 4.0% (191) <0.001
27.1% (733) 42.4% (2,032) <0.001
11.4% (307) 25.0% (1,195) <0.001
34.5% (930) 37.4% (1,795) 0.009
0.0% (0) 0.6% (31) <0.001
5.0% (134) 7.9% (377) <0.001
0.0% (0) 7.5% (359) <0.001
3.0£0.4 (3,110) 3.0£0.5 (7,555) <0.001
13.745.8 (3,103) 16.4+10.2 (7,527) <0.001
33.3% (1,035) 57.3% (4,324) <0.001
0.0% (0/3111) 25.6% (1937) <0.001
0.0% (0) 0.5% (38) <0.001
100.0% (2,698) 74.8% (3,586) <0.001
86.5% (2,334) 57.7% (2,764) <0.001
1.1x0.2 (3,108) 1.2+0.5 (7,445) <0.001
18.7+7.1 (3,108) 21.9+12.1 (7,445) <0.001
1.2+0.5 (2,698) 1.80+1.0 (4,794) <0.001
81.7% (2,205) 48.6% (2,331) <0.001
15.6% (420) 32.3% (1,547) <0.001
2.7% (73) 19.1% (916) <0.001
21.6210.6 (2,698) 34.0+21.3 (4,794) <0.001

Numbers are percent (n) or meanSD (n). ® Simple use and expanded use are defined in Figure 1. ® P values are for the comparison between simple use and
expanded use groups and are two-sided from Student t-test for continuous variables and from the chi-square test for binary proportions. © 1,462 patients

(19.5%) were >75 years. ¢ Among all ARRIVE patients with diabetes, 256 were not treated medicall

ly (oral agents and/or insulin); of 764 insulin-treated

diabetic patients, 370 (48.4%) were also treated with oral agents. © Site reported as serum creatinine >3.0 mg/dL or patient on dialysis. f Site reported as
NYHA Class >IIL. ¢ Lesions: N=10,668 (all); N=3,112 (simple use); N=7,556 (expanded use) " Data reported per site visual estimate. ' Moderate or severe
calcification J TAXUS Express? stent; of 7,492 analysed patients, 95.9% (7187) received only TAXUS stents at index procedure. CABG: coronary artery bypass
graft; CHF: congestive heart failure; PCI: percutaneous coronary intervention; MI: myocardial infarction; RVD: reference vessel diameter
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Table 3. Baseline characteristics of ARRIVE expanded-use subgroups.

Cardiogenic shock 2.0% (19) 0.8% (6) 0.8% (2) 0.3% (4) 1.0% (6) 0.4% (2) 0.4% (2) 0.5% (1) 0.6% (1)
CHF! 5.2% (50) 9.4% (70) 8.4% (21) 7.3% (88) 7.7% (44) 8.0% (39) 0.1% (43)  24.1% (46) 43% (7)
Left main disease 3.2% (31) 4.1% (31) 5.6% (14) 7.3% (88) 6.1% (35) 6.7%(33)  15.2%(72) 8.9% (17) 5.6% (9)

Characteristic AMI Lesion RVD Multivessel Bifurcation ISR Vein graft Renal (10
>28 mm <2.5mm stenting® lesion® disease*
Patients (N) 954 141 251 1208 575 489 414 191 161
Lesions (N) 1328 812 287 2969 741 546 578 284 182
Vessels (N) 1067 767 265 2511 597 501 524 225 165
Stents (N) 1537 1460 305 3262 842 627 706 330 251
Patient characteristics
Male 66.6% (635)  69.1% (516)  58.6% (147)  67.4% (814)  69.4% (399)  70.1% (343)  80.8% (383)  64.9% (124)  76.4% (123)
Age 62.2+13.0 63.7+11.8 65.4+12.1 65.1£11.7 63.3£11.7 63.4¢11.3 68.0+10.4 65.5+11.9 60.5+11.6
Smoker at baseline  36.2% (345)  25.4% (190)  23.5% (59) 21.6% (261)  24.3% (140)  20.9% (102)  12.4% (59) 14.1% (27) 28.6% (46)
Hyper-
cholesterolaemia 59.7% (570) 78.3% (585) 72.1% (181) 78.8% (952) 76.5% (440) 92.0% (450) 88.6% (420) 71.7% (137) 75.2% (121)
Hypertension 63.9% (610) 73.2% (547) 74.5% (187) 77.8% (940) 76.7% (441) 82.2% (402) 79.7% (378) 95.3% (182) 73.9% (119)
Diabetes mellitus (all) ~ 24.6% (235) 33.2% (248) 40.2% (101) 36.3% (439) 29.4% (169) 36.0% (176) 40.3% (191) 62.3% (119) 24.8% (40)
Oral medication ~ 16.2% (155)  24.0% (179)  29.1% (73) 0.9% (337)  20.0%(115)  26.0% (127)  20.5% (140)  29.8% (57) 13.7% (22)
Insulin treated 8.8% (84) 11.2% (84) 17.1% (43) 11.3% (137) 9.9% (57) 14.7% (72) 15.0% (71) 33.0% (63) 9.9% (16)

Previous MI 67.1% (640) 42.3% (316) 36.3% (91) 37.8% (457) 36.9% (212) 51.3% (251) 48.9% (232) 46.1% (88) 39.8% (64)
Previous stroke 6.1% (58) 8.4% (63) 5.6% (14) 7.1% (86) 5.9% (34) 7.6% (37) 10.3% (49) 15.2% (29) 1.2% (2)
Renal diseasec 0.9% (9) 3.3% (25) 1.6% (4) 2.6% (31) 1.9% (11) 3.7% (18) 3.8% (18) 100% (191) 1.2% (2)
Multivessel disease  25.8% (246)  44.7% (334)  39.8% (100)  52.5% (634)  40.9% (235)  53.8%(263)  72.2% (342)  55.0% (105)  35.4% (57)
Previous CABG 10.2% (97) 20.3% (152)  23.5% (9) 21.4% (258)  16.4% (94) 32.3% (158)  100% (474)  26.2% (50) 18.0% (29)
Previous PCT 204% (195)  36.5% (273)  35.5% (89)  33.5% (405)  384% (221)  96.5% (472)  48.1%(228)  35.6% (68)  24.8% (40)

( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( (

( ( ( ( ( ( ( ( (

Lesion characteristics

RVD (mm): 3.0:05 (1328)  3.0:04 (812)  2.240.2(287)  3.0:0.4 (2068) 2.9:0.4 (741)  3.1:05 (546)  3.3+0.5 (578)  3.060.5 (284)  2.9:0.4 (182)
Lesion length (mm)e 166595 (1321) 37.9+12.1 (812) 14.9+10.9 (286)  15.669.2 (2955) 15.3:8.9 (737) 17.7:113 (546) 16.7+12.6 (575) 15.8+10.3 (284) 24.8+17.5 (180)
B2/C lesion 58.9% (781)  79.8% (648)  50.5% (145)  51.0% (2065)  69.2% (513)  56.2% (307)  583%(337)  49.6% (141)  93.4% (170)
(alcification-

moderate/severe 14.2% (189)  28.1% (228)  18.8% (54) 19.9% (591)  20.8% (156)  16.3% (89) 7.3% (42) 28.5% (81) 22.0% (40)

Procedural characteristics

1 Vessel treated

per patient 89.5% (854) 97.3% (728) 94.4% (237) N/A 96.3% (553) 97.5% (477) 89.7% (425) 82.8% (423) 97.5% (157)

1 Lesion treated

per patient 60.4% (662)  92.1% (688)  88.4% (222) N/AT T34% (422)  89.4% (437)  BLO% (384)  66.5% (127)  87.6% (141)

Stents per lesions  1.2¢0.5 (1321)  1.8:0.8 (804)  1.1:05 (270)  1.130.4 (2911) 1.240.5 (732)  12¢0.5(538) 12606 (576)  1.2:0.5(283)  1.4+0.8 (180)

Stent length

per lesions (mm)  22.6+11.3 (1321) 43.5¢17.8 (804) 19.6¢14.0 (270) 20.9+10.7 (2911) 21.0+11.0 (732) 23.6+13.6 (538) 24.0+16.7 (576) 21.1+12.2 (283) 32.423.0 (180)

Stents per patients  1.6:0.9 (954)  2.0:0.9 (741)  13:0.7(236)  27:10(1208) 15107 (572)  1.3:0.6 (485)  15:0.9 (473)  17:11(191)  1.6:0.9 (159)
1 57.7% (550)  30.1% (225)  76.1% (191) 3.0% (36) 63.5% (365)  77.1%(377)  67.1%(318)  59.2% (113)  62.7% (101)
2 28.9% (276)  49.7% (371)  12.0%(30)  512% (619)  27.7% (159)  16.8% (82)  21.9% (104)  20.4% (39)  21.7% (35)
>3 134% (128)  194% (145)  6.0% (15)  45.8% (553)  8.3% (48) 5.3%(26)  10.8% (474)  204%(39)  15.5% (25)

Stent length

per patients (mm)  31.2+18.6 (954) 46.9+19.4 (741) 22.5+17.5 (236) 50.3¢23.7 (1,208) 26.8+14.9 (572) 26.2¢16.1 (485) 29.3+21.0 (473) 31.2:20.9 (19) 36.7425.3 (159)

Numbers are percent (n) or meansSD (n); @ 2 vessels were treated in 92.5% (1117) of patients; ® 63.5% of patients with a bifurcation lesion were treated with a single stent; ¢ Site
reported as serum creatinine >3.0 mg/dL or patient on dialysis; ¢ Site reported as NYHA Class >III; © Data reported per site visual estimate; f: 2 lesions were treated in 66.6% (804) of
patients; ¢ TAXUS stents; AMI: acute myocardial infarction (patient presented with STEMI/NSTEMI); CABG: coronary artery bypass graft; CTO: chronic total occlusion (site reported); ISR:
in-stent restenosis; N/A: not applicable; PCL: percutaneous coronary intervention; RVD: reference vessel diameter
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Single vessel, single stent
e With or without diabetes

Patients with complex lesions*

e Calcification (mod./severe) (18.1%)
o Multivessel stenting (16.1%)

e Long lesion (>28 mm) (10.0%)

e Ostial lesion (8.5%)

e Bifurcation lesion (7.7%)

¢ |n-stent restenosis (6.5%)

¢ Graft stenting (6.3%)

e Severe tortuosity (3.4%)

e Small vessel (RVD<2.5 mm) (3.4%)
e Chronic total occlusion (2.1%)

o L eft main stenting (2.2%)

e Failed brachytherapy (0.4%)

36% Simple use

64% Expanded use

N
Complex patients*
e Acute MI (12.7%)
o Left main disease (4.8%)
eRenal disease (2.5%)
e Cardiogenic shock (0.4%)

* A patient may belong to >1
of the expanded use subgroups

Figure 1. Usage patterns in ARRIVE (N=7492). Simple use cases
excluded one or more of the following: acute myocardial infarction
(AM|); bifurcation, cardiogenic shock, chronic total occlusion, prior
brachytherapy, vein graft stenting, in-stent restenosis, large vessel
(RVD>3.75 mm), left main disease/stenting, long lesion (>28 mm),
moderate/severe calcification, multivessel stenting (mean of 2.1
vessels per patient), ostial lesion, renal disease (serum creatinine
>3.0 mg/dL or dialysis), severe tortuosity, small vessel (RVD<2.5 mm).
Expanded use cases are those not classified as simple use.

30d 1yr 2yr
154 Y v v
All death
_ 7.
109" p<0.001 SER

Clinical research

in year one and 3.0% (204/6882) in year two, with low rates of year
two cardiac death (1.5%, 101/6882) and Ml (1.1%, 74/6882).
Stent thrombosis was 1.8% (128/7274) during year one and 0.8%
(56/6882) in year two; at physician discretion 67.7% of patients
received DAPT through 1-year, 53.1% through 2-years.

Diabetes status was determined by the investigative sites and 2,368
(31.6%) of all ARRIVE patients were considered diabetic. Medically
treated (oral medications and/or insulin) diabetic patients made up
89.2% (2112/2368) of the ARRIVE diabetic population and
outcomes data were available for 2,049 medically treated patients
in year one and 1,900 in year two. These medically treated diabetic
patients had a 1 year composite MCE rate of 10.7% (220/2049)
with a TLR rate of 4.8% (98/2049). In year two, their composite
MCE rate was 6.6% (125/1900), with 3.1% TLR (59/1900). A
detailed discussion of ARRIVE diabetic patients is the subject of a
separate manuscript.®

Outcomes in expanded use subgroups

The ARRIVE expanded use cohort had significantly higher 2-year
MCE rates compared to the simple use group (Figure 2). The most
common event was revascularisation. Rates for early ST (<30 days)
were >3-fold higher for expanded use (1.4% vs. 0.4%). Differences
between incidence curves are evident before 30 days and continue
through 2-years.

30d 1yr 2yr
10, Y v v
All myocardial infarction
5 P=0.001 3.9(173)

2.5 eedE

Cardiac death
P<0.001

o
1

[Sal =}
1 |

ARC ST - Definite+probable
P<0.001

Cumulative event rate (%)

w
|

N

N

1.4 (35)

0_:

0lf 1.4 2.2 (56)
5_

All Q-wave myocardial infarction
34 P=0.10

Target lesion revascularisation
P<0.001

9.2 (408)

10- I

0_.’

ARRIVE Simple use (N=2698)

------ ARRIVE Expanded use (N=4794)

Figure 2. Comparison of event rates through 2-years in simple use and expanded use subgroups in ARRIVE. Definitions of simple use and expanded
use are provided in Figure 1. ARC ST definite/probable definitions are from Cutlip et al’. Target lesion revascularisation was defined as “TAXUS-
stent-related” target vessel revascularisation, given the absence of a central angiographic core laboratory. P value is log-rank; error bars are +1.5SE.

ARC: Academic Research Consortium; ST: stent thrombosis.
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Mortality and ST were usually higher in year one than year two for
the simple use and nine expanded use subgroups; only subgroups
with vein grafts and small vessels had higher death rates in year two
(Table 4). Renal disease patients (serum creatinine >3.0 mg/dL or
dialysis) had more very late ST (VLST) in the second year and the
highest combined rate for all death and MI (35.3%) through 2-
years, significantly higher than the 6.0% rate in simple use patients
(P <0.001, Figure 3).

Rates for Q-wave Ml in year one were highest among patients with
long lesions (>28 mm), small vessels (RVD <2.5 mm), and
multivessel stenting (mean of 2.1 vessels per patient) while the
acute myocardial infarction (AMI) subgroup was below the 0.5%
simple use rate (Figure 4). During year two most expanded use
subgroups had higher Q-wave MI rates than simple use (0.3%)

30d ly 2y
v v v

—— Simple use
- ——- Renal disease

P <0.001

All death and M| cumulative event rate (%)

6.0%
Days 0 30 180 365 730
Simple use 2,698 2,689 2614 2,583 2421
Renal disease 191 189 173 163 125

Figure 3. Comparison of Kaplan-Meier curves for combined all death
and myocardial infarction between the ARRIVE simple use subgroup
and the renal disease subgroup. Simple use and renal disease are
defined in Figure 1. P value is log-rank; error bars are +1.5SE.

except small vessel, renal disease, and CTO, which had no events.
Figure 5 shows all expanded use subgroups had higher first year
rates for TLR than simple use (3.4%). In year two rates were lower
than year one for all subgroups except CTO. The AMI and small
vessel subgroups had year two rates below that of simple use (1.9%).

Multivariate predictors of adverse events

Table 5 shows multivariate predictors for accumulated events
over the two years of the registry, including all death, cardiac death,
MI, and TLR. Renal disease was a strong predictor of death (3.4-
fold increased risk), cardiac death (3.0-fold), and Ml (1.8-fold).
Other strong baseline predictors of death included cardiogenic
shock (3.4-fold) and discontinuation of thienopyridine therapy
before six (2.7-fold) or 12 months (3.0-fold). Expanded use patients
generally had an increased risk of death, cardiac death, or Ml (1.3
to 3.6-fold per factor) and complex lesion characteristics increased
TLR risk (1.3 to 1.8-fold per factor). Multivariate ST predictors
included early discontinuation of thienopyridine therapy, baseline
smoking, vessel RVD <3.0 mm, prior brachytherapy, renal disease
(>3-fold increased risk each) and others. A detailed discussion of
ST and its predictors in ARRIVE is the subject of a separate
manuscript.®

Discussion

The ARRIVE programme captured usage patterns and 2-year
outcomes of the TAXUS Express? stent in 7,492 patients treated
during routine practice. Event rates were generally higher in year
one than year two. Simple use cumulative mortality rates through
one and two years mirrored those of similar patients enrolled in the
RCT TAXUS arm (2.0%; 3.4%)°, validating the high degree of event
ascertainment in the ARRIVE programme. Notwithstanding some
overlap among patient subsets, analysis of nine specific ARRIVE

Table 4. Mortality and stent thrombosis in year 1 and year 2 in overall ARRIVE population and subgroups.

Expanded-use subgroups

Event All patients Simple use*  Expanded AMI Lesion Multivessel Bifurcation® ISR Vein Renal (10
(N=2,698) use® (N=953)  >28mm  <2.5mm stenting’  (N=574)  (N=489) graft  disease! (N=161)
(N=4,794) (N=748)  (N=251)  (N=1,208) (N=474)  (N=191)
Year 1
(0-365 D) N=7,274 N=2,623 N=4,651 N=904 N=722 N=1,174 N=557 N=479 N=465 N=184 N=153
AlL death 35% (257)  2.3% (60)  4.2% (197)  3.9% (35)  47% (34)  3.3% 43% (51)  5.0%(28)  44% (21)  5.2% (24) 19.0% (35)  2.0% (3)
Cardiac 2.2% (159)  1.3% (33)  2.7% (126)  2.7% (24)  35% (25)  2.5% 2.9% (34)  3.6%(20)  3.1% (15)  3.4%(16) 12.5% (23)  2.0%(3)
Noncardiac ~ 1.3% (98)  1.0% (27)  1.5% (71) 12%(11)  12%(9)  0.8% 4% (17)  14%(8)  13%(6)  17%(8) 65%(12)  0.0%(0)
ST 18% (128)  0.9% (24)  2.2% (104)  2.7% (24)  40% (29)  33%(8)  2.8%(33)  2.9% (16)  2.1%(10)  2.4% (11) 16% (3) 2.6% (4)
Year 2
(36-730 D) N=6,882 N=2,520 N=4,362 N=843 N=674 N=1,088 N=518 N=450 N=435 N=147 N=149
All death 3.0% (204)  1.9% (48)  3.6% (156)  2.8% (24)  4.3% (29)  4.0% 3.0% (34)  2.5%(13)  4.0% (18)  6.0% (26) 17.0% (25)  1.3% (2)
Cardiac 15% (101)  0.8% (21)  1.8%(80) 13% (11) 16% (11)  1.8% 16% (17)  1.3%(7)  24%(11)  3.7% (16) 88% (13)  13%(2)
Noncardiac ~ 1.5% (103) 1.1% (27)  17%(76) 1.5% (13) 27%(18)  22%(5) 1.6%(17) 1.2%(6)  L.6%(7)  2.3% (10) 8.2%(12)  0.0%(0)
ST 0.8% (56)  0.4% (11)  1.0%(45)  11%(9)  18%(12)  0.0%(0) 15%(16)  15%(8)  18%(8)  2.3%(10) 2.7% (4) 2.0% (3)

Numbers are binary rates, % (n). * Simple use and expanded use are defined in Figure 1. A patient may belong to more than one expanded-use subgroup.
Year 2 rates (binary) differ slightly from those in Figure 2, which were calculated by the Kaplan-Meier product method. ® Mean of 2.1 vessels per patient
©63.5% of patients were treated with a single stent ¢ Site reported as serum creatinine >3.0 mg/dL or patient on dialysis ¢ Per ARC definite/probable
definitions’; AMI: acute myocardial infarction (patient presented with STEMI/NSTEMI); CTO: chronic total occlusion (site reported); D: days; ISR: in-stent

restenosis; RVD: reference vessel diameter; ST: stent thrombosis
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Q-Wave myocardial infarction (% of patients)

Lesion RVD Multivessel

Graft Renal

AMI >28 mm <2.5 mm stenting Bifurcation ISR stenting disease CT0
N (0-1 yr) 905 722 240 1,174 558 479 465 184 153
N (1-2 yr) 844 673 225 1,088 519 450 435 147 149

Figure 4. Q-wave myocardial infarction in ARRIVE expanded use subgroups at 1-year and 2-years. Event rates presented here were calculated as
simple proportions. Rates for simple use (defined in Figure 1) differ slightly from those in Figure 2, which were calculated by the Kaplan-Meier
product method. AMI: acute myocardial infarction; CTO: chronic total occlusion; ISR: in-stent restenosis; RVD: reference vessel diameter.

Simple use
B 3.4%; 0-1 yr; n=2,623  «euens -
B o1ver [ 12 vears L.9%; 1-2yr; n=2,520 —
0 42 1.4 8.9 4.0 7.5 1.3 7.8 4.3 8.6 3.9 7.1 4.4 5.6 4.4 3.8 2.7 59 6.0

Target lesion revascularisation (% of patients)

Lesion RVD Multivessel . ) Graft Renal
AMI >28 mm <2.5 mm stenting Bifurcation ISR stenting disease cTo
N (0-1yr) 905 721 240 1,174 557 479 465 184 153
N (1-2yr) 844 673 225 1,088 518 450 435 147 149

Figure 5. Target lesion revascularisation in ARRIVE expanded use subgroups at 1-year and 2-years. Target lesion revascularisation (TLR) was defined
as “TAXUS-stent-related” target vessel revascularisation, given the absence of a central angiographic core laboratory. Event rates presented here were
calculated as simple proportions. Rates for simple use (defined in Figure 1) differ slightly from those in Figure 2, which were calculated by the Kaplan-

Meier product method. AMI: acute myocardial infarction; CTO: chronic total occlusion; ISR: in-stent restenosis; RVD: reference vessel diameter

expanded use subgroups provide insight into treatment and
outcomes of such high-risk patients.

Outcomes in routine practice-overall population

ARRIVE event rates remained consistent with those of a
revascularised broad coronary disease population through 2-years.
Mortality (3.5% in year one and 3.0% in year two) was similar to
that reported for the National Heart, Lung, and Blood Institute
Dynamic Registry (NHLBI),’® and the REAL, Ontario, and STENT
registries.!'13 While ARRIVE ST rates (1.8% in year one; 0.8% in
year two) were higher than that reported for STENT through 2-years
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(1.5% for off-label DES use), they were similar to the 18 month ST
rate of 2.9% for PES reported in the SORTOUT Il randomised trial'4
that enrolled patients from everyday clinical practice. The initial
concentration of ST in the first 30 days has been observed in other
DES registries!3151% and with BMS treatment!’ of complex lesions.
Data from ARRIVE and other large, multicentre registries provide
practical estimates of event rates in DES patients for expanded use
indications. This is highly relevant to clinical practice since “off-
label” DES use (ST elevation MI, in-stent restenosis [ISR], bypass
grafts, and CTO) accounted for 21.4% of the >400,000 DES
procedures in the American College of Cardiology National
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Table 5. Multivariate predictors of ARRIVE major events at 2-years.

Hazard ratio [95% confidence interval]?

Variable All death Cardiac death Myocardial infarction Target lesion
revascularisation®

Cardiogenic shock 3.42 [1.61, 7.27] NS NS NS

Renal disease 3.39 [2.54, 4.53] 3.03 [2.07, 4.44] 1.77 [0.98, 3.22] NS

Thienopyridine discontinued before 12 months®  2.97 [2.30, 3.84] 2.45 [1.71, 3.52] NS 0.74 [0.62, 0.90]

Thienopyridine discontinued before 6 months? 2.66 [2.11, 3.35] 3.32 [2.40, 4.61] 1.73 [1.27, 2.35] NS

Left main stenting 2.27 [1.54, 3.37] 2.06 [1.22, 3.49] NS NS

Congestive heart failure 2.12 [1.65, 2.72] 2.68 [1.96, 3.67] NS NS

Stroke previous 1.64 [1.26, 2.15] 1.45 [1.01, 2.09] NS NS

MI previous 1.44 [1.19, 1.75] 1.69 [1.31, 2.17] 1.51 [1.16, 1.97 NS

Diabetes-insulin 1.44 [1.12, 1.86] 1.51 [1.09, 2.09] 1.58 [1.09, 2.27] NS

Lesion calcification (moderate and severe) 1.43 [1.15, 1.78] 1.43 [1.07, 1.90] 1.32 [0.97, 1.79] NS

Vein graft stenting 1.43 [1.05, 1.96] 1.61 [1.09, 2.37] 1.86 [1.18, 2.94] 1.76 [1.30, 2.39]

Multivessel disease 1.27 [1.04, 1.55] NS 1.48 [1.13, 1.95] NS

PCI previous 1.25 [1.02, 1.52] NS NS 1.28 [1.06, 1.54]

Lesion type B2 or C 1.23 [1.00, 1.50] 1.39 [1.06, 1.83] NS NS

Hypercholesterolaemia® 0.76 [0.61, 0.94] NS NS NS

Age <70 years 0.51 [0.42, 0.61] 0.67 [0.52, 0.86] 1.30 [0.95, 1.78] 1.55 [1.27, 1.88]

Prior brachytherapy NS 3.59 [1.28, 10.04] NS NS

Hypertension® NS 1.55 [1.09, 2.20] NS NS

Ostial lesion NS 1.40 [1.00, 1.97] 1.39 [0.94, 2.05] 1.40 [1.08, 1.80]

Lesion length >28 mm NS NS 2.08 [1.51, 2.87] 1.45 [1.12, 1.88]

Smoking at baseline NS NS 2.05 [1.54, 2.72] NS

RVD <3 mm NS NS 1.72 [1.31, 2.25] 1.31 [1.10, 1.57]

LAD as target vessel NS NS 1.43 [1.08, 1.88] 1.41 [1.18, 1.68]

Postprocedure dilatation NS NS 1.33 [1.02, 1.73] NS

ISR stenting NS NS NS 1.49 [1.12, 1.98]

Multiple stents per lesion NS NS NS 1.45 [1.19, 1.77]

Bifurcation NS NS NS 1.43 [1.10, 1.87]

Preprocedure TIMI=0f NS NS NS 1.37 [1.00, 1.87]

Multiple overlapping stents NS NS NS 1.28 [0.98, 1.66]

Gender, male NS NS NS 0.75 [0.63, 0.90]

AMI NS NS NS 0.73 [0.54, 0.98]

Hazard ratios were assessed with the Cox proportional hazards regression model; 41 baseline variables were entered (Appendix 2) and backward selection
was used; the threshold to stay in the model was set at 0.10; N=7492 patients in the ARRIVE population. @ All values were significant at the P<0.05 level
5 TAXUS-stent-related target vessel revascularisation;  Patient was not receiving clopidogrel/ticlopidine at the 12-month visit; ¢ Patient was not receiving
clopidogrel/ticlopidine at the 6-month visit. ¢ Patient was reported as having this condition and may or may not have been receiving medication for it;

f AMI patients; AMI: acute myocardial infarction (patient presented with STEMI/NSTEMI); CABG: coronary artery bypass graft; ISR: in-stent restenosis;
LAD: left anterior descend artery; MI: myocardial infarction; NS: not significant; PCI: percutaneous coronary intervention; RVD: reference vessel diameter;

TIMI: thrombolysis in myocardial infarction

Cardiovascular Data Registry for 2003-2004.'8 Differences in the
definition of “off-label” notwithstanding, ARRIVE's 64% expanded
use rate is similar to DEScover (47%),"® EVENT (55%),'® NHLBI
(49%),%° and STENT (59%).13 As confirmed in ARRIVE, expanded
use DES patients had significantly higher 1-year rates versus simple
use for death, TVR, and ST in DEScover,'® more TLR and ST in
EVENT,® higher 1-year rates for death, MI, and revascularisation in
NHLBI,?° and higher event rates through 2-years in STENT.!3 Such
differential outcomes have also been reported for sirolimus-eluting
stent-treated populations.?!
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Comparisons of outcomes with DES and BMS have evaluated the use
of DES in off-label use collectively and in select subgroups.1-13.202223
Through 2-years, off-label DES use had a significantly lower TVR risk
than BMS with a similar safety profile in NHLBI?® and among 3,751
pairs of propensity score matched patients in the Ontario registry.*?
Mortality, MI, and TVR were also lower at nine months with off-label
use of DES versus BMS in STENT, though the significant TVR
advantage diminished by 2-years.!® Mortality through 4-years was
significantly lower with DES compared to BMS in a single-centre study
of 8,032 patients undergoing PCI in 2003-2007.%?



Outcomes in high risk subgroups

The large size of ARRIVE allowed for adequate numbers of specific
high risk subgroups. Though many overlap, their analysis can
provide insight into current use as well as outcomes and help
physicians estimate likely clinical outcomes for individual patients.
In evaluating expanded use patients, one notes that many would
be poor candidates for BMS due to high restenosis rates and more
likely to be treated by coronary artery bypass grafting (CABG). In
the ARRIVE multivessel stenting subgroup, repeat
revascularisation (7.8% in year one; 4.3% in year two) was higher
than that reported for patients undergoing CABG in the New York
State (U.S.) registry (5.1% at 18 months) but 1-year mortality
(4.3%) was comparable to similar registry patients (4.2% for 2-
vessel disease)?* and to patients in the CABG arm of the SYNTAX
RCT (3.4%).%

ARRIVE outcomes tended to mirror earlier reports on select
subsets. Among AMI patients, mortality (3.9% in year one; 2.8% in
year two) and revascularisation (4.2% in year one; 1.4% in
year two) were lower than that reported for similar patients in STENT
(8.0% death and 8.0% TVR through 2-years),?® and a multicentre
Massachusetts (USA) registry (10.7% death and 9.6% TVR through
2-years),”’ but comparable to a single centre report.?®¢ In the
ARRIVE bifurcation subgroup, 2-year mortality was comparable to
STENT!3; year one cardiac death was higher (3.6% vs. 2.0%) and
TLR rates lower (8.6% vs. 15.3%) than PES rates in a small
multicentre European registry.?® Mortality in ARRIVE compared to
STENT was somewhat higher among patients with long (>28 mm)
lesions and similar for patients receiving stents for ISR or CTO.!3
Treatment of CTOs with PES (N=48) has been shown to significantly
reduce 1l-year MACE and restenosis rates compared to matched
cases treated with BMS.2° Unlike the other eight ARRIVE
subgroups, however, CTO subgroup TLR rates did not drop over
time, as has also been reported for SES.3! Low revascularisation and
high mortality in ARRIVE renal disease patients echoed other
reports, including NHLBI where 1-year mortality was lower in those
patients treated with DES than BMS.3233

Mortality increased from year one to year two among ARRIVE
patients receiving stents for vein grafts (5.2% vs. 6.0%) or small
(<2.5 mm) vessels (3.3% vs. 4.0%). Among vein graft patients, 2-
year mortality was also high in STENT (8.8% at 2-years).!® With the
sirolimus-eluting stent little difference has been reported between
DES and BMS in long-term outcomes in vein graft stenting, despite
possible increased late events.3+3¢ However, in the recently reported
stenting of saphenous vein grafts RCT (BMS vs. PES, N=80), during
a median follow-up period of 1.5 years PES were associated with
significantly lower rates of angiographic restenosis, TLR, and target
vessel failure.3 While small vessel size generally has not increased
the risk of death or MI, it has been reported to increase
revascularisation.® In the ARRIVE small vessel group, 1-year TLR
rates (7.5%) were lower than reported 9 month rates among PES
patients with RVD <2.41 mm (16.4%) or RVD >2.41 and <2.84 mm
(9.7%) in a single-centre DES registry,3® and small vessel TLR in
year 2 (1.3%) was the lowest of all ARRIVE subgroups, including
simple use (1.9%).
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Multivariate predictors of clinical events

Several characteristics of ARRIVE, including recruitment from multiple
centres, specific predefined event definitions, use of a CEC, adequate
independent monitoring, 2-year follow-up, and inclusion of all DES
patient subsets allowed development of event predictors with
substantial power. Renal disease was a strong (3.4-fold increased risk)
independent predictor of mortality along with several other comorbid
clinical factors, as reported by others.?2263 Early discontinuation of
thienopyridine therapy was associated with increased mortality
through two years in ARRIVE as also shown by Eisenstein et al who
found mortality to be lowest among patients remaining on clopidogrel
for at least one year.%° lakovou et al*! identified early discontinuation of
antiplatelet therapy as a predictor of early and late ST, as seen also in
ARRIVE. Predictors of revascularisation in ARRIVE included
lesion related factors similar to other studies.!'*? Awareness of the
range of rates and significant predictors of MCE in DES registries may
help physicians estimate individual patient outcomes and tailor
treatment regarding choice of stent and follow-up regimen.

Study limitations

ARRIVE has some of the limitations common to registries, including
absence of a control group, use of site visual assessments of
angiographic data, absence of serial cardiac enzyme or
electrocardiographic measurements that could underestimate the
rate of smaller (non-Q) MI, and less monitoring than standard for
traditional RCTs. Absent angiographic core laboratory evaluation,
we cannot be certain that site reported "TLR" in the more extensive
lesion subgroups fully excluded revascularisation events driven by
progressive disease outside of the stented segment.*> However, the
close concordance between ARRIVE and RCT rates supports the
premise that a real-world registry with this level of monitoring can
provide reliable ascertainment of critical adverse events during two
years of follow-up after DES treatment and may be the only source
of such information for the many complex patient subgroups that
have not undergone RCT evaluation.

Conclusions

The ARRIVE registries capture the broad spectrum of disease
routinely treated by percutaneous coronary intervention including
4,794 (64%) expanded use cases outside the patient/lesion
characteristics studied in pivotal RCTs. Rates for mortality and
stent related events are expectedly higher in the expanded use
cohort, and provide a valuable estimate of procedural and 2-year
outcomes in such patients pending completion of ongoing RCTs.
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ARRIVE programme clinical events committee members

David G. Hurrell, MD (Chairperson)
Director Nuclear Cardiology, Senior

Consulting Cardiologist,
Minneapolis Heart Institute,

Minneapolis Cardiology Associations

Minneapolis, MN, USA

David D. Laxson, MD
Medical Director
Minnesota Heart Clinic
Edina, MN, USA

Yale L. Wang, MD
Cardiologist

Minneapolis, MN, USA

Minneapolis Heart Institute,
Minneapolis Cardiology Association

Robert F. Wilson, MD

Director, Interventional Cardiology
Cardiovascular Division, University
of Minnesota

Minneapolis, MN, USA

Appendix 2

Cardiac event definitions in the ARRIVE programme

Cardiac event®

Definition

Cardiac death
Target vessel revascularisation®

Target lesion revascularisation®*

Myocardial infarction

Major cardiac events

Stent thrombosis

Any death that cannot be attributed to a non-cardiac cause

Any attempted or successfully completed percutaneous or surgical revascularisation of a target vessel

Any TAXUS stent-related attempted or successfully completed percutaneous or surgical revascularisation of a

target vessel

One of the following criteria are met:

® (K >2x upper limit of normal with a positive CK(MB)

e (K >5x upper limit of normal with a positive CK(MB) for post-CABG cases

® ECG evidence of new pathologic Q waves (lasting 0.04 seconds or more) in 2 contiguous leads with positive

CK(MB)

Composite of cardiac death, myocardial infarction, and target vessel revascularisation

Academic Research Consortium definitions definite/probable¢

2 All cardiac events were adjudicated by a Clinical Events Committee (Appendix 1). Cardiac enzyme and electrocardiographic data pre- and post-stent
implantation were collected per local practice. Follow-up was carried out via clinic visit or telephone contact with a study research nurse; data were recorded
on structured case report forms. ® Patients experiencing a revascularisation within 2-years based on clinical necessity as per operator practice received
additional post-revascularisation follow-up through 12 months. ¢ An event was considered “TAXUS-stent-related” if it occurred at the stented segment or if the
relationship to the TAXUS stent could not be excluded based upon available information. ¢ Cutlip DE, et al.” CK: creatine kinase; CABG: coronary artery bypass

graft; ECG: electrocardiogram

Appendix 3

Baseline characteristic variables used in predictor modelling

Acute MI

Age>70

Bifurcation
Brachytherapy, prior
CABG, previous
Cardiogenic shock
Chronic total occlusion
Congestive heart failure®
Diabetes, insulin treated
Diabetes, not requiring insulin
Gender, male
Hypercholesterolaemia?
Hypertension¢

In-stent restenosis

IVUS post deployment
IVUS pre-deployment
LAD as target vessel

Left main disease

Left main stenting
Lesion >28 mm

Lesion calcification®
Lesion type B2/C

MI, previous

Multiple overlapping stents
Multiple stents per lesion
Multivessel disease
Multivessel stenting

Ostial lesion

PCI, previous
Postprocedure dilatation
Preprocedure dilatation
Preprocedure TIMI=0

Renal disease?

RVD <3 mm

Smoking at baseline

Stent inflation pressure >14 atm
Stroke, previous
Thienopyridine <12 months
Thienopyridine <6 months
Tortuosity, severe

Vein graft

Hazard ratios were assessed with the Cox proportional hazards regression model; backward selection was used; the threshold to stay in the model was set at 0.10.
2 Site reported as serum creatinine >3.0 mg/dL or patient on dialysis ° Site reported as NYHA Class >III © Moderate and severe ¢ Patient was reported as having
this condition and may or may not have been receiving medication for it. CABG: coronary artery bypass graft; IVUS: intravascular ultrasound; LAD: left anterior
descending artery; MI: myocardial infarction; PCI: percutaneous coronary intervention; RVD: reference vessel diameter; TIMI: thrombolysis in myocardial infarction
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Appendix 4

Investigators and institutions participating in the ARRIVE programme

Clinical research

Investigator®

Lasala J, study PI
Cox D, study Co-PI
AliN
Armstrong B
Baucum J
Carney R
Chambers J
Chhabra A
Cohen B
Cohen M
Dobies D
Grady T
Greenberg J
Hearne S
Hill R
Hockstad E
Isaacson T
Jenkins G
Johnson S
Katopodis J
Kellett M
Kiernan F
Kuehl W

Lee A
Leggett J
Low R

Mann T
Meyer T
Miller M
Miller W
Muhlestein B
Nukta E

Orlow S
Overlie P
Patel J
Paulowski J
Rabinowitz A
Raybuck B
Revtyak G
Robken J
Seigel R
Studeny M
Untereker W

Valentino V
Ver Lee P
Villa A
Wehrli C
Weiss M
Wyman R
Zetterlund P

Institution

ARRIVE 1

Washington University School of Medicine, St. Louis, MO
Mid-Carolina Cardiology Presbyterian Hospital, Charlotte, NC
(lear Lake Regional Medical Center, Webster, TX
Cardiovascular Associates, PC, Kingsport, TN
Greenville Hospital Systems, Greenville, SC

Trinity Mother Frances Hospital, Tyler, TX

Metro Cardiology Consultants, Coon Rapids, MN

Willis Knighton, Shreveport, LA

Morristown Memorial, Morristown, PA

Abington Memorial Hospital, Abington, PA

Genesys Regional Medical Center, Grand Blanc, MI
Care Foundation, Wausau, WI

Florida Heart Institute, Orlando, FL

Delmarva Heart Research Foundation, Inc., Salisbury. MD
Cardiology Associates of NEA, Joneshoro, AR

Research Medical Center, Kansas City, MO

Heart Hospital of South Dakota, Sioux Falls, SD
Methodist Dallas Medical Center, Dallas, TX

Alexian Brothers Medical Center, Elk Grove, IL
Tallahassee Memorial Hospital, Tallahassee, FL

Maine Medical Center, Portland, ME

Hartford Hospital, Hartford, CT

Asheville Cardiology Associates, PA, Asheville, NC
Good Samaritan, San Jose, CA

Overlake Hospital, Bellevue, WA

University of California Davis Medical Center, Sacramento, CA
Wake Medical Center, Raleigh, NC

Georgia Heart and Vascular, Macon, GA

Pitt County Memorial Hospital, Greenville, NC

Poudre Valley Hospital, Fort Collins, CO

LDS Hospital, Salt Lake City, UT

Cleveland Cardiovascular Research Foundation,
Fairview Park, OH

Lutheran Hospital/NIRA, Fort Wayne, IN

Texas Cardiac Center, Lubbock, TX

Cardiovascular Consultants of Nevada, Las Vegas, NV
Aultman Hospital, Canton, OH

South Texas Cardiovascular Consultants, San Antonio, TX
INOVA Fairfax Hospital, Falls Church, VA

St. Francis Hospital, Beech Grove, IN

Genesis Medical Center, Davenport, LA

Advanced Cardiac Specialists, Gilbert, AZ

St. Mary's Hospital, Huntington, WV

Presbyterian University of Pennsylvania Medical Center,
Philadelphia, PA

Our Lady of Lourdes, Lafayette, LA

Eastern Maine Medical Center, Bangor, ME

Palm Beach Gardens Medical Center, Palm Beach Gardens, FL
St. Peters Hospital, Olympia, WA

Westchester County Medical Center, Valhalla, NY

Little Company of Mary Hospital, Torrance, CA

Salinas Valley Memorial Hospital, Salinas, CA

Investigator

Lasala J, study PI
Cox D, study Co-PI
Bach M

Bachinsky WB
Baran KW

Battista SC

D'Haem C
Breall JA
Coppola JT

Corey WH
Croft CH
Davakis NJ
Del Core MG
Federici RE
Foster MT
Gandhi AN
Garas SM
Goodwin MJ
Haas, RC
Horwitz PA
Jenny DB
Kabour A
Kandzari D/Rao S
Khanna PK
Koren PA

Lee CD

Lee TC

Lewis DH
Lewis S J
Lombardi WL
Lundstrom RJ
Mahoney PD
Malik AZ
Martin JL
Morris DL
Myers PR
Nielsen CD
Pasquini JA
Pow TK
Quintana OF
Rees AP

Rizik DG

Rogers EW
Rosenthal AD
Schweiger MJ
Shaw D

Singh J
Srinivasan V
Stella JF

Tadros PN
Tannenbaum MA
Uretsky B/Lui C
Weiner BH

Wiet SP

Zirafi CM

Institution
ARRIVE 2

Washington University School of Medicine, St. Louis, MO
Mid-Carolina Cardiology Presbyterian Hospital, Charlotte, NC
Jersey Shore University Medical Center, Neptune, NJ

Pinnacle Health/Moffitt Heart & Vascular, Harrisburg, PA

St. Paul Heart Clinic, St. Paul, MN

Minnesota Heart Clinic/ Fairview Southdale Hospital, Edina, MN
Thoracic & Cardiovascular Healthcare Foundation, Lansing, MI

Krannert Institute of Cardiology, Indianapolis, IN
Saint Vincent's Catholic Medical Center of New York,
New York, NY

Indiana Heart Hospital, Indianapolis, IN

Health First Clinical Research Institute, Melbourne, FL
Cardiovascular Research Institute, Inc., Columbus, OH
The Creighton Cardiac Center, Omaha, NE

New Mexico Heart Institute, Albuquerque, NM

Baptist Hospital of East Tennessee, Knoxville, TN
Cardiology Associates of Northwest Indiana, Munster, IN
Saint Vincent's Medical Center, Jacksonville, FL
Midwest Heart Foundation, Lombard, IL

Heart Center of Tulsa, Tulsa, OK

University of Towa Hospital, Iowa City, IA

(ardiology Associates of Green Bay, Green Bay, WI

St. Vincent Mercy Medical Center, Toledo, OH

Duke University Medical Center, Durham, NC

Desert Cardiology Center, Rancho Mirage, CA

Cardiovascular Associates of Delaware Valley,

Haddon Heights, NJ

Idaho Cardiology Associates, Boise, ID

Bakersfield Memorial Hospital, Bakersfield, CA

South Central Wisconsin Heart, Madison, WI

Bethesda North Hospital/ Hatton Institute, Cincinnati, OH
North Cascade Cardiology, PLLC, Bellingham, WA

Kaiser Permanente Medical Center, San Francisco, CA
Sentara Norfolk General Hospital, Norfolk, VA

Heart Center of North Texas, Fort Worth, TX

Main Line Health Heart Center, Radnor, PA

Albert Einstein Medical Center, Philadelphia, PA

St. Thomas Hospital, Nashville, TN

Medical University of South Carolina, Charleston, SC

Mid Carolina Cardiology / Presbyterian Hosp., Charlotte, NC
Great Lakes Heart & Vascular Institute PC, St. Joseph, MI
McAllen Heart Clinic, McAllen, TX

Cardiovascular Research Foundation of Louisiana,

Baton Rouge, LA

Scottsdale Healthcare, Scottsdale, AZ

(ardiology Consultants, Pensacola, FL

The Heart and Vascular Institute of Florida, St. Petersburg, FL
Baystate Medical Center, Springfield, MA

Christus St. Frances Cabrini Hospital, Alexandria, LA
Barnes/Jewish Hospital, St. Louis, MO

Western Pennsylvania Hospital, Pittsburgh, PA

Heart Care Research Foundation, Merrionette Park , IL
University of Kansas Hospital, Kansas City, KS

Towa Heart Center Research, Des Moine, IA

University of Texas Medical Branch, Galveston, TX

St. Vincent Hospital at Worcester Medical Center, Worcester, MA
Advocate Christ Medical Center, Oak Lawn, IL

Parma Community General Hospital, Parma, OH

2 Site principal investigators are listed; Co-PI: Co-Principal Investigator
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