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Interventional Cardiology

A Prospective, Randomized Clinical Trial of Hemodynamic
Support With Impella 2.5 Versus Intra-Aortic Balloon Pump

in Patients Undergoing High-Risk Percutaneous
Coronary Intervention

The PROTECT II Study

William W. O’Neill, MD; Neal S. Kleiman, MD; Jeffrey Moses, MD;
Jose P.S. Henriques, MD, PhD; Simon Dixon, MBChB; Joseph Massaro, PhD; Igor Palacios, MD;

Brijeshwar Maini, MD; Suresh Mulukutla, MD; Vladimír Džavík, MD; Jeffrey Popma, MD;
Pamela S. Douglas, MD; Magnus Ohman, MD

Background—Although coronary artery bypass grafting is generally preferred in symptomatic patients with severe,
complex multivessel, or left main disease, some patients present with clinical features that make coronary artery bypass
grafting clinically unattractive. Percutaneous coronary intervention with hemodynamic support may be feasible for these
patients. Currently, there is no systematic comparative evaluation of hemodynamic support devices for this indication.

Methods and Results—We randomly assigned 452 symptomatic patients with complex 3-vessel disease or unprotected left
main coronary artery disease and severely depressed left ventricular function to intra-aortic balloon pump (IABP)
(n�226) or Impella 2.5 (n�226) support during nonemergent high-risk percutaneous coronary intervention. The
primary end point was the 30-day incidence of major adverse events. A 90-day follow-up was required, as well, by
protocol. Impella 2.5 provided superior hemodynamic support in comparison with IABP, with maximal decrease in
cardiac power output from baseline of �0.04�0.24 W in comparison with �0.14�0.27 W for IABP (P�0.001). The
primary end point (30-day major adverse events) was not statistically different between groups: 35.1% for Impella 2.5
versus 40.1% for IABP, P�0.227 in the intent-to-treat population and 34.3% versus 42.2%, P�0.092 in the per protocol
population. At 90 days, a strong trend toward decreased major adverse events was observed in Impella 2.5–supported
patients in comparison with IABP: 40.6% versus 49.3%, P�0.066 in the intent-to-treat population and 40.0% versus
51.0%, P�0.023 in the per protocol population, respectively.

Conclusions—The 30-day incidence of major adverse events was not different for patients with IABP or Impella 2.5
hemodynamic support. However, trends for improved outcomes were observed for Impella 2.5–supported patients at 90
days.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00562016.
(Circulation. 2012;126:1717-1727.)

Key Words: heart-assist device � hemodynamics � Impella 2.5 � stents

Patients with multivessel or unprotected left main coronary
artery disease and severely depressed left ventricular

function have a markedly worse prognosis than the general
population.1,2 Historically, coronary artery bypass grafting
has been the recommended revascularization strategy for

these patients, especially in the presence of angina or heart
failure symptoms.3 These patients present an enormous tech-
nical challenge when features such as poor distal targets,
severe comorbidities, reoperation, advanced age, or impaired
renal function make surgical revascularization unattractive
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because of the underlying expected risk for mortality and
morbidity. Percutaneous coronary intervention (PCI) may
then be a viable alternative for these patients.4

Clinical Perspective on p 1727
During PCI, repetitive contrast dye injections, balloon

inflations, atherectomy passes, and stent manipulations tran-
siently interrupt blood flow to the target coronary artery
resulting in a negative inotropic effect.3 Although this is
generally well tolerated, there are circumstances in which
even transient interruption of coronary blood flow causes
hemodynamic compromise or collapse that may affect the
conduct of PCI and the completeness of revascularization,
and it may potentially lead to worse outcome, especially in
patients with depressed left ventricular function. A number of
devices have been used in an effort to provide hemodynamic
support during these high-risk procedures.5–7 However, no
prospective comparative studies with respect to outcomes for
these support devices have been conducted to date.

Accordingly, we conducted a prospective multicenter ran-
domized trial to compare outcomes between the Impella 2.5
percutaneous left ventricular assist device versus the intra-
aortic balloon pump (IABP) in patients deemed to require
hemodynamic support during high-risk PCI.

Methods
Study Design and Patient Population
PROTECT II was a prospective, multicenter, randomized trial
conducted in 112 sites in the United States, Canada, and Europe
(sites and investigators are presented in the online-only Data Sup-
plement). The study was designed to assess whether a high-risk
percutaneous revascularization strategy with the support of the
Impella 2.5 device would result in better outcome than a revascu-
larization strategy with IABP support. Each site had to demonstrate
previous experience with hemodynamic support for nonemergent
PCI. Predetermined need for hemodynamic support, assessed by the
treating physician, was required to qualify the patient for enrollment
Patients were included who were aged �18 years and scheduled to
undergo a nonemergent PCI on an unprotected left main or last
patent coronary vessel with a left ventricular ejection fraction
(LVEF) �35%. Patients with 3-vessel disease and LVEF �30%
were also eligible. Major exclusion criteria included recent myocar-
dial infarction (MI) with persistent elevation of cardiac enzymes, left
ventricular thrombus, platelet count �75 000/mm3, creatinine �4
mg/dL (patients already on dialysis were eligible), and severe
peripheral vascular disease that precluded passage of the Impella 2.5
catheter or IABP. Complete inclusion and exclusion criteria are
presented in the online-only Data Supplement.

The study was conducted in accordance with the Declaration of
Helsinki. The study protocol was reviewed and approved by the
Ethics Review Committee of each participating center, and all
patients provided written informed consent before enrollment. Food
and Drug Administration Investigational Device Exemption (IDE
G050017) was obtained by the study sponsor (Abiomed, Danvers,
MA) in November 2007.

Device Description
The Impella 2.5 (Abiomed, Danvers, MA) is a 12F axial flow, rotary
blood pump mounted on a 9F catheter deployed in a retrograde
fashion across the aortic valve. The pump provides nonpulsatile
forward blood flow of up to 2.5 L/min at its maximal rotation speed
of 51 000 rpm. The device provides direct left ventricular unloading
by aspirating blood from the left ventricle and expelling it into the
aorta, thus increasing total cardiac output, reducing myocardial
oxygen consumption, and decreasing the pulmonary capillary wedge

pressure.8–10 The device became commercially available in the
United States during the course of the trial in June 2008 under 510(k)
clearance.

Randomization and Study Procedures
After informed consent was obtained, right and left heart catheter-
ization was generally performed by the use of femoral access.
Following iliac angiography and vascular access assessment for
suitability, operators declared their treatment plan based on the
coronary anatomy and myocardium at jeopardy. Randomization to
either the Impella 2.5 (n�225) or a commercially available IABP
(n�223) was then executed in a 1:1 ratio through an automated
interactive voice response system. Randomization was performed
through 2 strata: geographical region (n�5) and angioplasty indica-
tion (unprotected left main/last remaining vessel versus 3-vessel
disease). Crossover from one study arm to the other was not
permitted. Operators were asked to aim for the most complete
revascularization of the myocardium at jeopardy in a single proce-
dure. The use of intracoronary drug-eluting or bare-metal stents, as
well as adjunctive therapies such as rotational atherectomy, embolic
protection devices, puncture site closure technique, anticoagulants,
and glycoprotein IIb/IIIa receptor antagonists were left to the
discretion of the operator. Therapeutic anticoagulation with activated
clotting time �250 seconds was required. Revascularization was
performed and hemodynamics, including right heart pressure, aortic
pressure, and cardiac output, were measured every 15 minutes.
Investigators were asked to discontinue hemodynamic support before
discharge from the catheterization laboratory if the patient was
deemed hemodynamically stable. Following PCI, if patients could be
weaned from hemodynamic support, hemostasis was achieved by
direct manual pressure when activated clotting time fell to �180
seconds or by direct surgical stitches that were deployed before the
procedure. This technique, known as preclose, involves deployment
of 2 Perclose devices sequentially (Abbott Vascular, IL). The stitches
were deployed at 10 o’clock and 2 o’clock and isolated from the
puncture site. At the end of the procedure, stitches were tied with the
knot pusher, and, if necessary, manual pressure was applied to
achieve complete hemostasis. Only sites experienced in this tech-
nique were allowed to use it. Patients were then admitted to the
coronary care unit for observation and were discharged when
appropriate. Follow-up was scheduled at 30 and 90 days postproce-
dure. The use of antiplatelet therapy was expected, but was left at the
discretion of the investigator. Patients with intolerance to heparin,
aspirin, and ADP receptor inhibitors were excluded from the study.

End Points
The primary end point was the composite rate of intra- and
postprocedural major adverse events (MAEs) at discharge or 30-day
follow-up, whichever was longer. A follow-up of the composite
primary end point was performed at 90 days. The composite primary
end point components included all-cause death, Q-wave or non–Q-
wave MI, stroke, or transient ischemic attack, any repeat revascu-
larization procedure (PCI or coronary artery bypass grafting), need
for a cardiac or a vascular operation (including a vascular operation
for limb ischemia), acute renal insufficiency, severe intraprocedural
hypotension requiring therapy, cardiopulmonary resuscitation or
ventricular tachycardia requiring cardioversion, aortic insufficiency,
and angiographic failure of PCI. Non–Q-wave MI was defined as
creatinine kinase-MB isoenzyme �3 times the upper limit of the
normal range within 72 hours of the procedure or �2 times upper
limit of the normal range beyond 72 hours postprocedure. Cardiac
troponin values with the same thresholds were used if creatinine
kinase-MB isoenzyme was not available. The development of new,
pathological Q waves in �2 continuous leads was required to
diagnose a Q-wave MI. Definitions of all primary end-point compo-
nents are listed in the online-only Data Supplement.

Data Management
Data collection, management, and monitoring, events adjudication,
and statistical analysis were conducted by an independent academic
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clinical research organization (Harvard Clinical Research Institute,
Boston, MA). Independent academic central core laboratories ana-
lyzed all angiographic (Beth Israel Deaconess, Boston, MA) and
echocardiographic (Duke Clinical Research Institute, Durham, NC)
data to determine angiographic success and device safety (including
aortic insufficiency), respectively. An independent Clinical Events
Committee adjudicated all MAEs and study end points blinded to
treatment group assignment, and an independent data safety moni-
toring board (DSMB) monitored the safety trends on a monthly basis
and provided oversight of data at 25% and 50% of planned study
enrollment. In addition, the DSMB was provided with 1 formal
preplanned interim analysis that included the first 50% of patients
(n�327). The interim analysis aimed to evaluate the feasibility of the
study with a futility guideline, and possible sample size adjustment,
as well, based on the conditional power at the interim mark.11 The
conditional power is the probability of observing a statistically
significant treatment effect at the end of a trial, conditional on the
data observed at interim and under specific assumptions on the true
treatment trends for the remaining 50% patients to be enrolled. A
conditional power �40% at interim was the cutoff at which the
DSMB could recommend stopping the study for futility. Coordina-
tion between the core laboratories, Clinical Events Committee, and
DSMB was conducted by Harvard Clinical Research Institute. The
study design and conduct were controlled by an executive committee
chaired by the study Principal Investigator (W.W.O.).

Statistical Analyses
The study was powered assuming a 30-day MAE rate of 30% in the
IABP arm and a relative Impella treatment effect of 33%, resulting
in a 30-day MAE rate of 20% in the Impella 2.5 arm, based on the
prevalence of events in previous observational IABP studies4,5 and
the PROTECT I feasibility trial.12 Accounting for 10% missing data,
a total of 654 patients (327 per arm) were necessary to detect this
treatment effect difference between Impella 2.5 and IABP at 80%
power and a 2-sided �-error of 5%.

The primary end point analysis is reported for all consented
randomly assigned patients undergoing high-risk PCI in the study on
the intent-to-treat (ITT) principle regardless of the protocol compli-
ance and duration of follow-up. The prespecified per protocol (PP)
population includes all consented randomly assigned patients who
met the protocol eligibility criteria. The treatment comparison on the
primary end point (30-day MAE) and on 90-day MAE were
performed by using the �2 test. As an additional supportive analysis,
Kaplan–Meier estimates of the cumulative incidence of MAE
through 30 and 90 days were performed, and a log-rank test was used
to compare the curves between the 2 study arms at these time points.

Secondary end points included in-hospital efficacy and safety end
points consisting of efficacy of hemodynamic support assessed by
maximal decrease of cardiac power output from baseline, creatinine
clearance change from baseline 24 hours post-PCI, device failure
assessed as Impella flow �1 L/min for �5 minutes at the perfor-
mance level 5 or higher (out of 9) and rate of in-hospital MAEs.

In general, the remaining data are expressed as mean�SD, median
(range), or proportion as appropriate. Univariate parametric analysis
was performed by using a 2-tailed unpaired t test or a nonparametric
Mann–Whitney test for continuous outcomes. �2 test or Fisher exact
tests were used as appropriate for nominal data. A 2-way analysis of
variance with repeated measures was performed to assess the
difference in hemodynamics between the 2 study arms at different
time points.

Treatment comparisons on the primary end point were also
performed within prespecified subgroup by using the �2 test.
Relative risks, calculated as the raw Impella 2.5 event rates divided
by the raw IABP event rates, and their 2-sided 95% confidence
intervals are presented within each subgroup. These prespecified
analyses were planned to account for the randomization scheme used
in the study, the potential learning curve effect, because no roll-in
subject phase was included, and the unblinded access of the
investigators to the study device. The prespecified subgroup analyses
included (1) use of adjunctive atherectomy: patients treated with or
without atherectomy; (2) coronary anatomy: unprotected left main

/last patent conduit versus patients with 3-vessel disease; (3) mor-
bidity risk: Society of Thoracic Surgery (STS) risk of �10 versus
�10; and (4) learning curve effect: the first Impella 2.5 and IABP
patient at each site versus all other treated patients.

All probability values were 2-tailed and considered significant
when the probability was �0.05.

The statistical analyses for this report were performed by the
Harvard Clinical Research Institute using a SAS version 9.2 (SAS
Institute Inc, NC). The authors had full access to the data and take
responsibility for its integrity. The corresponding author and study
chair (W.W.O.) prepared the first and all subsequent drafts of this
report, which were then shared with the coauthors for comments. All
authors have read and agreed to the manuscript as written.

Results
Between November 27, 2007 and December 6, 2010, 452
patients were enrolled in the study (69% of the planned 654
patient enrollment). After review of the available interim data
(n�327), the DSMB recommended the early discontinuation
of the study for futility based on the observed conditional
power of the 30-day results of the first 327 patients and the
assumed similar trend for the remaining 327 patients to be
included in the study. When the executive committee ac-
cepted the recommendation and study enrollment ceased
(December 6, 2010), an additional 125 patients had been
enrolled beyond the 327 patient halfway point which were not
included in the interim analysis. Therefore, the total final
cohort increased to 452 patients. Of these patients, 3 with-
drew consent (IABP arm) and 1 died (Impella 2.5 arm) before
undergoing PCI. Thus, the primary analysis of the full cohort
included all 448 ITT patients randomly assigned to either
Impella 2.5 (n�225) or IABP (n�223). The prespecified PP
population included the 427 patients who met the protocol-
mandated eligibility criteria (216 for Impella 2.5 and 211 for
IABP). Study flow along with 30-day and 90-day completed
follow-up are reported in Figure 1.

Baseline characteristics were similar between groups, with
the exception of a higher incidence of heart failure and
previous coronary artery bypass grafting in the Impella 2.5
arm (Table 1). Patients were on average 67�11 years of age,
highly symptomatic (66% in New York Heart Association
class III or IV), 87% had heart failure, and 51% had diabetes
mellitus. They presented with an average LVEF of 24%�6%,
a Synergy Between Percutaneous Coronary Intervention With
TAXUS and Cardiac Surgery (SYNTAX) score of 30�15, an
STS mortality score of 6%�6%, and an STS combined
mortality and morbidity score of 30%�15%. Two thirds of
the patients were deemed inoperable by site surgical consul-
tants, and only one third of this population received implant-
able defibrillators despite the low LVEF.

Procedural Characteristics
In both study arms, more lesions were attempted than
originally anticipated. The number of attempted lesions and
deployed stents were similar between the 2 groups, although
the proportion of patients treated with �3 stents was slightly
higher in the Impella 2.5 arm. There were significant differ-
ences between the 2 study arms with respect to the use of
adjunctive therapies (Table 2). In the Impella 2.5 arm,
glycoprotein IIb/IIIa receptor antagonists were used less
frequently, whereas the use of rotational atherectomy tended
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to be more frequent. The use of rotational atherectomy was
also more vigorous in the Impella arm, with more runs and
longer durations. Rotational atherectomy was also more
frequently performed in unprotected left main lesions in the
Impella 2.5 arm. Finally, the volume of contrast used was

significantly greater in the Impella 2.5 arm. Patients ran-
domly assigned to IABP had longer duration of support in
comparison with those in the Impella 2.5 arm.

Clinical Outcomes for the ITT Population
At 69% of the planned enrollment, the primary end point of
30-day MAE occurred in 35.1% of patients in the Impella 2.5

Figure 1. Study flow. IABP indicates intra-aortic balloon pump; F/U, follow up; 3VD, 3-vessel disease; EF, ejection fraction; ULM,
unprotected left main disease; AS, aortic stenosis; MI, myocardial infarction; PVD, peripheral vascular disease; ITT, intent-to-treat pop-
ulation; and PP, per protocol population.

Table 1. Patient Baseline Characteristics

IABP
(n�223)

Impella 2.5
(n�225) P

Age, y 67�11 68�11 0.488

Sex, male, % 81.2 80.0 0.668

History of CHF, % 83.4 91.1 0.014

Current NYHA (class III/IV), % 64.6 67.0 0.632

Diabetes mellitus, % 50.7 52.0 0.779

Renal insufficiency, % 30.2 23.1 0.091

Peripheral vascular disease, % 26.5 25.7 0.851

Implantable cardiac defibrillator, % 31.1 34.7 0.420

Previous CABG, % 28.7 38.2 0.033

LVEF, % 24.1�6.3 23.4�6.3 0.244

STS mortality score, % 6�7 6�6 0.809

SYNTAX score 29.3�13.5 30.3�13.1 0.514

Mayo PCI score, % 8.4�3.6 8.8�3.4 0.154

New York PCI score, % 10.8�3.4 11.2�3.3 0.207

Not surgical candidate, % 64.6 63.6 0.822

IABP indicates intra-aortic balloon pump; CABG, coronary artery bypass
graft; PCI, percutaneous coronary intervention; CHF, congestive heart failure;
LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; STS,
Society of Thoracic Surgery; and SYNTAX, Synergy Between Percutaneous
Coronary Intervention With TAXUS and Cardiac Surgery trial.

Table 2. Procedural Characteristics

IABP
(n�223)

Impella 2.5
(n�225) P

No. of lesions attempted 2.9�1.5 2.9�1.4 0.780

No. of stents placed 2.9�1.9 3.1�1.8 0.453

Use of heparin, % 83.3 93.3 �0.001

Glycoprotein IIb/IIIa inhibitors, % 26.0 13.8 0.001

Total contrast media, mL 241�114 267�142 0.036

Rotational atherectomy, % 9.0 14.2 0.083

Median No. of passes/lesion
(IQR)

1 (1–2) 3 (2–5) 0.001

Median No. of passes/patient
(IQR)

2.0 (2.0–4.0) 5.0 (3.5–9.5) 0.003

Median RA time/lesion (IQR), s 40 (20–47) 60 (40–118) 0.004

RA of left main artery, % 3.1 8.0 0.024

Saphenous vein graft treatment, % 9.0 12.1 0.288

Total support time, h 8.4�21.8 1.9�2.7 �0.001

Discharge from cath lab on
device, %

36.7 5.9 �0.001

RA indicates rotational atherectomy; IQR, interquartile range; and IABP,
intra-aortic balloon pump.
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arm in comparison with to 40.1% in the IABP arm (P�0.277;
Table 3). At 90 days, patients supported with Impella 2.5
showed a trend toward lower MAE rate in comparison with
those supported with IABP (40.6% versus 49.3%, P�0.066;
Table 3).

There was no significant difference in the occurrence of
in-hospital death, stroke, MI, or the composite of death/
stroke/MI between Impella 2.5 and IABP. After hospital
discharge, fewer irreversible MAEs of death/stroke/MI (7.1%
versus 12.8%, P�0.047) and of death/stroke/MI/repeat revas-
cularization events (9.8% versus 18.3%, P�0.01) occurred in
the Impella 2.5 arm in comparison with the IABP arm. At 90
days, there were also fewer repeat revascularization events
with the Impella 2.5 in comparison with IABP in both

hierarchical (3.6% versus 7.8%, P�0.056) and nonhierarchi-
cal (6.3% versus 11.9%, P�0.039) analyses.

Clinical Outcomes for the PP Population
At 69% of the planned enrollment, 30-day MAE occurred in
34.3% of Impella 2.5 patients in comparison with 42.2% of
IABP patients (P�0.092). In comparison with the IABP arm,
the 90-day MAE rate was significantly lower in the Impella
2.5 arm (40.0% versus 51.0%, P�0.023) yielding a relative
risk reduction of 22% (Table 4). Although there was no
difference in in-hospital death, stroke, MI, or the composite
of death/stroke/MI between Impella 2.5 and IABP, fewer
irreversible MAEs of death/stroke/MI (7.0% versus 12.9%,
P�0.042) and of death/stroke/MI/repeat revascularization

Table 3. Combined In- and Out-of-Hospital Hierarchical Outcomes for the Intent-to-Treat Population

30 Days 90 Days

IABP
(n�222)

Impella 2.5
(n�225) P

IABP
(n�219)

Impella 2.5
(n�224) P

Composite of major adverse events 40.1 35.1 0.277 49.3 40.6 0.066

Death 5.9 7.6 0.473 8.7 12.1 0.244

Stroke/TIA 1.8 0.0 0.043 2.7 0.9 0.144

Myocardial Infarction 10.4 13.8 0.268 14.2 12.1 0.512

Repeat revascularization 4.1 1.3 0.075 7.8 3.6 0.056

Need for cardiac or vascular operation* 1.4 0.9 0.642 1.8 1.3 0.681

Acute renal dysfunction 4.5 4.0 0.792 4.6 4.0 0.776

Cardiopulmonary resuscitation/ventricular
arrhythmia†

3.2 2.2 0.543 4.1 2.2 0.259

Aortic valve damage/increase in aortic
insufficiency

0.0 0.0 . . . 0.0 0.0 . . .

Severe hypotension requiring treatment 8.6 4.9 0.121 5.5 4.0 0.469

Angiographic failure 0.5 0.4 0.992 0.0 0.4 0.322

The values shown are percentages. IABP indicates intra-aortic balloon pump; and TIA, transient ischemic attack.
*Cardiac, thoracic, or abdominal operation, or vascular operation for limb ischemia.
†Ventricular arrhythmia requiring cardioversion.

Table 4. Combined In- and Out-of-Hospital Hierarchical Outcomes for the Per Protocol Population

30 Days 90 Days

IABP
(n�211)

Impella 2.5
(n�216) P

IABP
(n�210)

Impella 2.5
(n�215) P

Composite of major adverse events 42.2 34.3 0.092 51.0 40.0 0.023

Death 6.2 6.9 0.744 9.0 11.6 0.383

Stroke/TIA 1.9 0.0 0.042 2.4 0.9 0.240

Myocardial infarction 10.9 13.4 0.425 14.8 11.6 0.340

Repeat revascularization 4.3 1.4 0.072 8.1 3.7 0.055

Need for cardiac or vascular operation* 1.4 0.9 0.634 1.9 1.4 0.680

Acute renal dysfunction 4.7 4.2 0.774 4.8 4.2 0.774

Cardiopulmonary resuscitation/ventricular
arrhythmia†

3.3 2.3 0.531 4.3 2.3 0.258

Aortic valve damage/increase in aortic
insufficiency

0.0 0.0 . . . 0.0 0.0 . . .

Severe hypotension requiring treatment 9.0 4.6 0.072 5.7 3.7 0.332

Angiographic Failure 0.5 0.5 0.987 0.0 0.5 0.322

The values shown are percentages. IABP indicates intra-aortic balloon pump; and TIA, transient ischemic attack.
*Cardiac, thoracic, or abdominal operation, or vascular operation for limb ischemia.
†Ventricular arrhythmia requiring cardioversion.
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(9.8% versus 18.6, P�0.009) occurred after hospital dis-
charge in the Impella 2.5 arm in comparison with the IABP
arm. At 90 days, there were also fewer repeat revasculariza-
tion events in the Impella 2.5 arm in comparison with the
IABP arm in both hierarchical (3.7% versus 8.1%, P�0.055)
and nonhierarchical (6.0% versus 12.4%, P�0.024) analyses.

Clinical Benefit and Time to Major
Adverse Events
In aggregate, patient cardiac function and functional status
improved significantly after revascularization. At 90-day
study exit follow-up, there was an average 22% relative
increase in LVEF from baseline (27%�9 versus 33%�11,
P�0.001) and a 58% improvement in New York Heart
Association functional class III/IV (62% versus 26%,
P�0.001). The improvement in LVEF and New York Heart
Association was similar between the 2 study groups. How-
ever, and as depicted in the Kaplan–Meier curves for both
ITT and PP populations (Figure 2A and 2B), patients treated
with Impella 2.5 experienced fewer MAEs over the course of
the study in comparison with those treated with IABP. Most
of the differences in patient MAE outcomes occurred out of
the hospital. These new events were overt and mainly driven
by death or rehospitalizations for MI, stroke, and repeat
revascularization in a patient population that was event free at
discharge.

Secondary End Points and Prespecified
Subgroup Analysis
Complete hemodynamic monitoring was obtained in 279
patients (138 for IABP and 141 for Impella 2.5). Cardiac
power output,13 defined as cardiac output�mean arterial
pressure�0.0022, was calculated to account for systemic
blood flow and maintenance of physiologically appropriate
blood pressure during the procedural ischemic times. As

determined by the maximal drop in cardiac power output
from baseline, Impella 2.5 provided better hemodynamic
support than IABP during these high-risk procedures
(�0.04�0.24 versus �0.14�0.27 W, P�0.001). Change in
creatinine clearance was similar between Impella and IABP
patients 24 hours after PCI in comparison with baseline
(4.64�15.06 versus 4.66�13.55, P�0.988), despite the
higher volume of contrast media received by Impella patients.
There were no Impella device failures, and no difference was
observed in in-hospital composite MAE or any of its compo-
nents between Impella and IABP arms for ITT (32.4% versus
30.9%, P�0.733) or PP populations (31.9% versus 32.7%,
P�0.867).

Prespecified subgroup analyses on 30-day and 90-day
MAE are depicted in Figure 3A and 3B (ITT) and Figure 4A
and 4B (PP), respectively. Of particular interest, in the ITT
population not treated with atherectomy (88% of the entire
population, n�396), the Impella 2.5 patients had better
outcomes in comparison with those who received an IABP,
with a significant 25% relative risk reduction in the MAE
incidence at 90 days (36.5% versus 48.7%, P�0.014). The
30-day MAE rate was also lower in the Impella 2.5 arm in
comparison with the IABP arm (30.6% versus 39.6%,
P�0.060). These findings were magnified for the PP non-
atherectomy group with a 30% relative reduction in MAE at
30 days (29.3% versus 41.9%, P�0.011) and 90 days (35.5%
versus 50.5%, P�0.003) in the Impella 2.5 arm in compari-
son with the IABP arm, respectively. Patients with STS
scores �10 had better 90-day outcomes with Impella 2.5 than
with IABP (37.4% versus 48.6%, P�0.030), whereas there
was no difference between the 2 groups for patients with STS
scores �10. Of note, 27% of the Impella patients with STS
�10 had atherectomy, �3 times the rate of atherectomy use
of the rest of the population, overlapping with the first
subgroup analysis. Patients in the Impella 2.5 arm had strong

Figure 2. Kaplan–Meier curves of major adverse events to 90 days. A, intent-to-treat population. B, per protocol population. IABP indi-
cates intra-aortic balloon pump.
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trends on 30-day MAE and significantly fewer MAEs at 90
days when the first IABP and Impella 2.5 patients enrolled at
each site (roll-in subjects) were excluded from the analysis to
account for the learning curve (P�0.029 in ITT and P�0.016
in PP populations, respectively).

Discussion
The PROTECT II trial included 448 prospectively treated
patients who were deemed at high risk based on anatomic and
clinical features. This is the largest high-risk PCI cohort

studied in a randomized trial to date, and despite the fact that
63% of patients were deemed not suitable for surgical
revascularization, the overall 30-day mortality rate was sim-
ilar to the predicted outcomes from national surgical bench-
marks.14 The 90-day mortality rate is in line with the recent
Surgical Treatment for Ischemic Heart Failure Study
(STICH) trial.15 Not only were the mortality rates acceptable,
angiographic success was high and incidence of renal failure
was low. These results demonstrate that high risk, symptom-
atic, coronary artery disease patients can be revascularized by

Figure 3. Prespecified prospectively defined subgroup analysis: intent-to-treat population. A, 30-day MAE. B, 90-day MAE. Roll-in sub-
jects include only the first Impella 2.5 and IABP patient at each site versus the rest of the patients at each site excluding the first
Impella 2.5 and IABP patients. MAE indicates major adverse event; STS, Society for Thoracic Surgery; IABP, intra-aortic balloon pump;
ITT, intent-to-treat population; PCI, percutaneous coronary intervention; CI, confidence interval; ULM, unprotected left main disease;
and LPC, last patent conduit; and 3VD, 3-vessel disease.
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using hemodynamic support and modern PCI technique with
favorable safety and efficacy. The present report confirms
that patients with severely depressed left ventricular function
who undergo PCI for a stenotic left main lesion, last patent
conduit, or lesions in the setting of 3-vessel disease have a
markedly increased risk for mortality in comparison with
general nonemergent PCI populations. Along with the recent
British Balloon Pump–Assisted Coronary Intervention Study
(BCIS-1),16 this report can serve as a reference standard for
future investigations of high-risk PCI. The major difference
between this report and BCIS-1 is that patients enrolled in the

PROTECT II study were deemed to require hemodynamic
support to qualify for enrollment, whereas, in BCIS-1, equi-
poise existed as to whether or not hemodynamic support was
required. In addition, our patient population presented with a
higher rate of comorbidities, such as diabetes mellitus, stroke,
previous PCI and coronary artery bypass grafting, in compar-
ison with the BCIS-1 study. These differences may explain
the higher event rates reported in PROTECT II. Despite this,
there was a significant increase in LVEF and a significant
improvement in the functional status post revascularization in
both study arms. Our results suggest that PCI is a reasonable

Figure 4. Prespecified prospectively defined subgroup analysis: per protocol population. A, 30-day MAE. B, 90-day MAE. Roll-in sub-
jects include only the first Impella 2.5 and IABP patient at each site versus the rest of the patients at each site excluding the first
Impella 2.5 and IABP patients. MAE indicates major adverse event; STS, Society for Thoracic Surgery; PP, per protocol; PCI, percuta-
neous coronary intervention; CI, confidence interval; ULM, unprotected left main disease; LPC, last patent conduit; and IABP, intra-
aortic balloon pump.
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revascularization strategy for this high-risk population, be-
cause it improves heart failure symptoms and the quality of
life of patients with limited therapeutic options.

The ITT analysis did not show a statistically significant
difference in MAE at 30 days with 69% of the planned
enrollment, whereas a trend toward better outcomes was
observed at 90 days for the Impella 2.5–supported patients.
For patients who truly qualified for treatment (PP), a trend
toward improved outcome was observed at 30 days, with a
significant 22% risk reduction at 90 days suggesting that the
beneficial effect of Impella 2.5 during high-risk PCI resulted
in a sustained positive impact up to 90 days.

There was no difference in mortality between groups in
either the ITT or PP populations. Patients randomly assigned
to the IABP arm had a significantly higher rate of repeat
revascularization procedures. It is noteworthy that the rate of
vascular operations in the Impella 2.5 arm was not different
than that of the IABP arm, so there was no burden associated
with the use of the larger sheath. Similarly, we did not
observe any aortic or mitral valve dysfunction or left ventric-
ular injury, which confirms the safety profile of the Impella
2.5 device with respect to ventricular and valve function and
integrity, consistent with previous reports.7,12,17,18

Analysis of the Kaplan–Meier event curves suggests that
the use of a 30-day end point is not sufficient in this
population. Other investigations of PCI in severely compro-
mised patients such as the Should We Emergently Revascu-
larize Occluded Coronaries for Cardiogenic Shock (SHOCK)
trial19 and the BCIS-1 study16 found that event curves
continue to diverge over time. Future investigations in this
population should have a minimum of 90-day follow-up as an
efficacy end point. The out-of-hospital events have important
safety and cost implications, because only events that were
overt and led to death or repeat hospitalization were captured
during follow-up.

In our study, the more frequent and more vigorous use of
rotational atherectomy in the Impella 2.5 arm was associated
with a higher rate of periprocedural MI due to cardiac enzyme

leaks �3 times the upper limit of the normal range (none of
them were Q-wave MI), and likely confounded the overall
results. The prespecified group of patients not treated with
atherectomy (88% of the population) provides a more homog-
enous population for end-point analysis without the cofound-
ing effect of atherectomy and creatinine kinase-MB isoen-
zyme postprocedural leak. In this subgroup, there was a 23%
and 25% relative risk reduction at 30 and 90 days in the ITT
population in favor of Impella 2.5. The benefit was magnified
for the PP population, with a 30% MAE decrease in compar-
ison with IABP at 30 and 90 days. A detailed analysis on the
use of rotational atherectomy in our study will be reported
separately.

Study Limitations
Because of the DSMB determination of futility, this trial was
terminated on the assumption from the first 50% (327) of
patients enrolled. Ultimately only 69% (452) of the planned
enrollment occurred. Because the trial did not enroll the
number of patients it was powered for, definitive statements
concerning the primary end point are speculative. Unfortu-
nately, unbeknownst to the DSMB, a significant learning
curve occurred in this trial with marked improvement in
safety for Impella-supported patients who were treated in the
last half of the trial (Figure 5).

Because of the different radiographic appearance, opera-
tors could not be blind to treatment assignment. Knowledge
of the presence of Impella support unfortunately led to a
greater and more aggressive use of rotational atherectomy in
this subgroup. These differences confounded the analysis
because of the markedly higher rate of cardiac isoenzyme
elevations.

Because the difference in 30-day MAE did not reach
statistical significance for the entire study, the analysis of
90-day events remains exploratory. It must be emphasized,
however, that 90-day follow-up with end-point analysis was
prospectively planned and provides a picture of longer-term

Figure 5. Ninety-day major adverse events rates
over the course of the trial (intent-to-treat popula-
tion). A comparison of 90-day outcome with 95%
confidence interval for each treatment arm based
on the calendar year of enrollment is depicted.
IABP indicates intra-aortic balloon pump.
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safety. The increase in overt, clinical events between 30 and
90 days is an important clinical observation.

Conclusions
The PROTECT II trial identified and characterized a popu-
lation of high-risk patients undergoing nonemergent PCI. In
these patients, PCI resulted in a marked reduction of symp-
toms and increased left ventricular function. Hemodynamic
support with Impella 2.5 did not result in a superior outcome
of the primary end point at 30 days but showed a strong trend
to superior outcome at 90 days in the total cohort and a
significant improvement in the PP analysis at 90 days.
Important adverse events continued to occur after 30-day
follow-up, suggesting that intense medical observation is
required for at least 90 days in these patients.
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CLINICAL PERSPECTIVE
Complex percutaneous coronary intervention with hemodynamic support may offer an effective therapy for high-risk
patients with multivessel or unprotected left main lesions. In the PROTECT II trial we randomly assigned 452 high-risk
patients undergoing percutaneous coronary intervention to hemodynamic support with intra-aortic balloon counterpulsation
or a percutaneous (Impella 2.5) axial flow left ventricular assist device. Primary outcome was incidence of major adverse
events at 30 days with prospectively planned follow-up to 90 days. The trial was able to enroll the most ill population of
symptomatic ischemic heart disease patients ever enrolled in a percutaneous coronary intervention trial. These patients
were highly symptomatic, 66% were in New York Heart Association class III or IV, 87% had a history of heart failure,
51% had diabetes mellitus, 26% had renal insufficiency, and ejection fraction was 24%. Despite these extreme risk features,
the reported 30-day mortality of 6.7% is comparable to predicted surgical models. Angiography success was high, whereas
stroke/transient ischemic attack and incidence of renal failure rates were low. At 90 days follow-up, 68% of patients had
improvement in symptom status with 74% of patients either class I or class II. The trial was terminated prematurely because
of the data safety monitoring board’s determination of futility. At 30 days, no difference in incidence of major adverse
events occurred for either intent-to-treat or per protocol analysis. Planned follow-up at 90 days reveals a strong trend of
benefit for Impella-treated patients (P�0.066, intent-to-treat) and significant for patients who actually qualified (P�0.023,
per protocol).
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York Hospital (PA) William Nicholson 

University of Alabama Gilbert Zoghbi 

 Raed Aqel 

 Vijay Misra 

TexSan Heart Hospital Abram Rabinowitz 

Moffitt Heart & Vascular Group Brijeshwar Maini 

The Lindner Clinical Trial Center Dean Kereiakes 

Kings Daughters Medical Center Richard Paulus 

Indiana University Saihari Sadanandan 

California Pacific Medical Center Peter Hui 

Lankenau Hospital / Main Line Health Heart Center Amid Khan 

St. Elizabeth's Medical Center Faisal Khan 

Forsyth Medical Center John Patterson 

Providence Hospital and Medical Centers Shukri David 

Northern Michigan Hospital Louis Cannon 

Valley Hospital Janet Strain 

UMDNJ - Robert Wood Johnson Medical School Abel Moreyra 

Strong Memorial Hospital Fred Ling 

St. Joseph's Research Institute Larry Crisco 

Beth Israel Deaconess Medical Center David Leeman 

Ohio State University Heart Center Quinn Capers 

Johns Hopkins Hospital Jon Resar 

Oakwood Hospital Samir Dabbous 

St. Louis University Hospital Michael Lim 

University of Chicago Medical Center Neeraj Jolly 

Emory University Hospital Midtown Henry Liberman 

Weill Cornell Medical Center Shing Chiu Wong 

St. Francis Hospital & Health Centers William Berg 

Liberty Hospital Venkat Pasnoori 

 Paul Kramer 

Carolinas Medical Center B. Hadley Wilson 

Clear Lake Regional Medical Center Nadir Ali 

Intermountain Medical Center James Revenaugh 



4 
 

Lourdes Hospital J. David Talley 
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S u p p l e m e n t a l M e t h o d s2 . P R O T E C T I I I n c l u s i o n a n d E x c l u s i o n C r i t e r i aI N C L U S I O N C R I T E R I AS u b j e c t s m u s t f u l f i l l a l l o f t h e f o l l o w i n g i n c l u s i o n c r i t e r i a :1 . S i g n e d I n f o r m e d C o n s e n t2 . S u b j e c t i s i n d i c a t e d f o r a N O N e m e r g e n t p e r c u t a n e o u s t r e a t m e n t o f a t l e a s t o n e d e n o v o o rr e s t e n o t i c l e s i o n i n a n a t i v e c o r o n a r y v e s s e l o r b y p a s s g r a f t3 . S u b j e c t a g e o f 1 8 t o 9 04 . P a t i e n t p r e s e n t s w i t h :a ) E j e c t i o n F r a c t i o n ≤ 3 5 % A N D a t l e a s t o n e o f t h e f o l l o w i n g c r i t e r i a :o I n t e r v e n t i o n o n t h e l a s t p a t e n t c o r o n a r y c o n d u i to I n t e r v e n t i o n o n a n u n p r o t e c t e d l e f t m a i n c o r o n a r y a r t e r yO rb ) E j e c t i o n F r a c t i o n ≤ 3 0 % A N D i n t e r v e n t i o n o n p a t i e n t p r e s e n t i n g w i t h t r i p l e v e s s e ld i s e a s e .T h r e e g v e s s e l o r t r i p l e v e s s e l d i s e a s e i s d e f i n e d a s a t l e a s t o n e s i g n i f i c a n t s t e n o s i s * i n a l lt h r e e m a j o r e p i c a r d i a l t e r r i t o r i e s : L e f t A n t e r i o r D e s c e n d i n g A r t e r y a n d / o r s i d e b r a n c h , l e f tc i r c u m f l e x a r t e r y a n d / o r s i d e b r a n c h , R i g h t C o r o n a r y A r t e r y a n d o r s i d e b r a n c h .* S i g n i f i c a n t s t e n o s i s i s d e f i n e d a s a t l e a s t 5 0 % d i a m e t e r s t e n o s i s b y v i s u a l e s t i m a t e o r a n yt o t a l o c c l u s i o n . I n t h e c a s e o f l e f t c o r o n a r y a r t e r y d o m i n a n c e , a l e s i o n i n t h e L A D a n d t h ep r o x i m a l L C X q u a l i f i e s a s t h r e e g v e s s e l d i s e a s e .E X C L U S I O N C R I T E R I AS u b j e c t s m u s t h a v e n o n e o f t h e f o l l o w i n g e x c l u s i o n c r i t e r i a :1 . S T e l e v a t i o n m y o c a r d i a l i n f a r c t i o n w i t h i n 2 4 h o u r s o r C K g M B t h a t h a v e n o t n o r m a l i z e d2 . P r e g p r o c e d u r e c a r d i a c a r r e s t w i t h i n 2 4 h o u r s o f e n r o l m e n t r e q u i r i n g C P R3 . S u b j e c t i s i n c a r d i o g e n i c s h o c k d e f i n e d a s :• C I < 2 . 2 l / m i n / m 2 a n d P C W P > 1 5 m m H g• H y p o t e n s i o n ( s y s t o l i c B P < 9 0 m m H g f o r > 3 0 m i n u t e s o r t h e n e e d f o rs u p p o r t i v e m e a s u r e s t o m a i n t a i n a s y s t o l i c B P o f g r e a t e r t h a n o r e q u a l t o 9 0
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m m H g ) A N D e n d o r g a n h y p o p e r f u s i o n ( c o o l e x t r e m i t i e s O R [ a u r i n e o u t p u t o f <3 0 m l / h o u r A N D a H R > 6 0 B P M ] )4 . M u r a l t h r o m b u s i n t h e l e f t v e n t r i c l e5 . T h e p r e s e n c e o f a m e c h a n i c a l a o r t i c v a l v e o r h e a r t c o n s t r i c t i v e d e v i c e6 . D o c u m e n t e d p r e s e n c e o f a o r t i c s t e n o s i s ( a o r t i c s t e n o s i s g r a d e d a s ≥ + 2 e q u i v a l e n t t o a no r i f i c e a r e a o f 1 . 5 c m 2 o r l e s s )7 . D o c u m e n t e d p r e s e n c e o f m o d e r a t e t o s e v e r e a o r t i c i n s u f f i c i e n c y ( e c h o c a r d i o g r a p h i ca s s e s s m e n t o f a o r t i c i n s u f f i c i e n c y g r a d e d a s ≥ + 2 )8 . S e v e r e p e r i p h e r a l a r t e r i a l o b s t r u c t i v e d i s e a s e t h a t w o u l d p r e c l u d e I M P E L L A ® 2 . 5 S y s t e mo r I A B P d e v i c e p l a c e m e n t9 . A b n o r m a l i t i e s o f t h e a o r t a t h a t w o u l d p r e c l u d e s u r g e r y , i n c l u d i n g a n e u r y s m s , a n de x t r e m e t o r t u o s i t y o r c a l c i f i c a t i o n s1 0 . S u b j e c t w i t h r e n a l f a i l u r e ( c r e a t i n i n e ≥ 4 m g / d L )1 1 . S u b j e c t h a s h i s t o r y o f d e b i l i t a t i n g l i v e r d y s f u n c t i o n w i t h e l e v a t i o n o f l i v e r e n z y m e s a n db i l i r u b i n l e v e l s t o ≥ 3 x U L N o r I N R ( I n t e r n a t i o n a l i z e d N o r m a l i z e d R a t i o ) ≥ 21 2 . S u b j e c t h a s u n c o r r e c t a b l e a b n o r m a l c o a g u l a t i o n p a r a m e t e r s ( d e f i n e d a s p l a t e l e t c o u n t≤ 7 5 , 0 0 0 / m m 3 o r I N R ≥ 2 . 0 o r F i b r i n o g e n ≤ 1 . 5 0 g / l . )1 3 . H i s t o r y o f r e c e n t ( w i t h i n 1 m o n t h ) s t r o k e o r T I A1 4 . A l l e r g y o r i n t o l e r a n c e t o h e p a r i n , a s p i r i n , A D P r e c e p t o r i n h i b i t o r s ( c l o p i d o g r e l a n d t i c l i d )o r c o n t r a s t m e d i a1 5 . S u b j e c t w i t h d o c u m e n t e d h e p a r i n i n d u c e d t h r o m b o c y t o p e n i a1 6 . P a r t i c i p a t i o n i n t h e a c t i v e f o l l o w � u p p h a s e o f a n o t h e r c l i n i c a l s t u d y o f a n i n v e s t i g a t i o n a ld r u g o r d e v i c e
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S u p p l e m e n t a l M e t h o d s3 . P R O T E C T I I P r o t o c o l / S t u d y S p e c i f i c A d v e r s e E v e n t D e f i n i t i o n sA C U T E R E N A L D Y S F U N C T I O NA b n o r m a l k i d n e y f u n c t i o n r e q u i r i n g d i a l y s i s ( i n c l u d i n g h e m o f i l t r a t i o n ) i n p a t i e n t s w h o d i d n o t r e q u i r et h i s p r o c e d u r e p r i o r t o i m p l a n t , o r a r i s e i n s e r u m c r e a t i n i n e o f g r e a t e r t h a n 2 t i m e s b a s e l i n e o rg r e a t e r t h a n 2 . 5 m g / d L .A O R T I C I N S U F F I C I E N C YA o r t i c r e g u r g i t a t i o n g r a d e d b y t r a n s t h o r a c i c e c h o c a r d i o g r a p h i c m e a s u r e m e n t a s ≥ 2 o r a n i n c r e a s e i na o r t i c r e g u r g i t a t i o n b y m o r e t h a n o n e ( i . e , 2 g r a d e s a n d h i g h e r ) a s s e s s m e n t l e v e l o n a 4 b p o i n t s c a l ea s d e t e r m i n e d b y e c h o c a r d i o g r a p h i c m e a s u r e m e n t .C A R D I A C A R R H Y T H M I A SS u s t a i n e d v e n t r i c u l a r t a c h y c a r d i a o r v e n t r i c u l a r f i b r i l l a t i o n r e q u i r i n g c a r d i o v e r s i o n ( i n c l u d i n g I C Dd i s c h a r g e ) a n d / o r I V a m i o d a r o n eC A R D I O P U L M O N A R Y R E S U S C I T A T I O N ( C P R )C a r d i o p u l m o n a r y r e s u s c i t a t i o n ( C P R ) i n v o l v e s a c o m b i n a t i o n o f m o u t h b t o b m o u t h r e s c u e b r e a t h i n g o ra s s i s t e d v e n t i l a t i o n a n d c h e s t c o m p r e s s i o n .C A R D I A C O R V A S C U L A R O P E R A T I O N :N e e d f o r : a ) c a r d i a c o p e r a t i o n o r t h o r a c i c o r , b ) a b d o m i n a l v a s c u l a r o p e r a t i o n , o r c ) v a s c u l a r o p e r a t i o nf o r l i m b i s c h e m i a ( l i m b i s c h e m i a = n e w i n c i d e n c e s o f h y p o p e r f u s i o n o f t h e l e g r e q u i r i n g t r e a t m e n t a n dm a r k e d b y s u c h s y m p t o m s a s d e c r e a s e d s k i n t e m p e r a t u r e o f t h e l i m b o r d e c r e a s e d p e r i p h e r a l p u l s e s ) .D E A T H b a l l c a u s e m o r t a l i t yA l l d e a t h s o c c u r r i n g a t a n y t i m e d u r i n g t h e c o u r s e o f t h e s t u d y .D e a t h s w i l l b e d i v i d e d i n t o t w o c a t e g o r i e s : c a r d i a c a n d n o n b c a r d i a c .C a r d i a c D e a t h :D e f i n e d a s d e a t h d u e t o a n y o f t h e f o l l o w i n g :o A c u t e m y o c a r d i a l i n f a r c t i o no H e a r t f a i l u r e / C H F / c a r d i o g e n i c s h o c k o r p u l m o n a r y e d e m a . A l l d e a t h s f r o m h y p o t e n s i o n ( s y s t o l i cB P < 9 0 m m H g ) a n d / o r r e s p i r a t o r y f a i l u r e w i t h o u t o t h e r c l e a r e t i o l o g y w i l l b e c o n s i d e r e d a s h e a r tf a i l u r eo C a r d i a c p e r f o r a t i o n / P e r i c a r d i a l t a m p o n a d eo A r r h y t h m i a o r c o n d u c t i o n a b n o r m a l i t yo C e r e b r o v a s c u l a r a c c i d e n t w i t h i n 3 0 d a y s o f p r o c e d u r e o r s u s p e c t e d o f b e i n g r e l a t e d t o t h ep r o c e d u r eo D e a t h d u e t o a c o m p l i c a t i o n o f t h e p r o c e d u r e , i n c l u d i n g b l e e d i n g , v a s c u l a r r e p a i r , t r a n s f u s i o nr e a c t i o n o r b y p a s s s u r g e r y .o A n y d e a t h i n w h i c h a c a r d i a c c a u s e c a n n o t b e e x c l u d e dN o n b c a r d i a c D e a t hD e f i n e d a s a n y d e a t h n o t a t t r i b u t a b l e t o a c a r d i a c c a u s eM Y O C A R D I A L I N F A R C T I O N ( M I )
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T h e A m e r i c a n C o l l e g e o f C a r d i o l o g y d e f i n i t i o n w i l l b e u s e d f o r t h e d i a g n o s i s o f M I . T h e d i a g n o s i s o fM I w i l l b e m a d e o n t h e b a s i s o f c l i n i c a l i n f o r m a t i o n a v a i l a b l e f r o m h o s p i t a l i z a t i o n ( l a b o r a t o r y d a t a ,E C G ) a n d w i l l r e q u i r e a n a p p r o p r i a t e c l i n i c a l h i s t o r y c o n s i s t e n t w i t h a c u t e M I .A . C r i t e r i a f o r a c u t e , e v o l v i n g o r r e c e n t M IE i t h e r o n e o f t h e f o l l o w i n g c r i t e r i a s a t i s f i e s t h e d i a g n o s i s f o r a n a c u t e , e v o l v i n g o r r e c e n t M I :( 1 ) T y p i c a l r i s e a n d g r a d u a l f a l l ( t r o p o n i n ) o r m o r e r a p i d r i s e a n d f a l l ( C K Å M B ) o f b i o c h e m i c a l m a r k e r so f m y o c a r d i a l n e c r o s i s w i t h a t l e a s t o n e o f t h e f o l l o w i n g :( a ) i s c h e m i c s y m p t o m s ;( b ) d e v e l o p m e n t o f p a t h o l o g i c Q w a v e s o n t h e E C G ;( c ) E C G c h a n g e s i n d i c a t i v e o f i s c h e m i a ( S T s e g m e n t c h a n g e s ) ; o r( d ) c o r o n a r y a r t e r y i n t e r v e n t i o n ( e . g . , c o r o n a r y a n g i o p l a s t y ) .( 2 ) P a t h o l o g i c f i n d i n g s o f a n a c u t e M I .B . C r i t e r i a f o r e s t a b l i s h e d M IA n y o n e o f t h e f o l l o w i n g c r i t e r i a s a t i s f i e s t h e d i a g n o s i s f o r e s t a b l i s h e d M I :( 1 ) D e v e l o p m e n t o f n e w p a t h o l o g i c Q w a v e s o n s e r i a l E C G s . T h e p a t i e n t m a y o r m a y n o t r e m e m b e rp r e v i o u s s y m p t o m s . B i o c h e m i c a l m a r k e r s o f m y o c a r d i a l n e c r o s i s m a y h a v e n o r m a l i z e d ,d e p e n d i n g o n t h e l e n g t h o f t i m e t h a t h a s p a s s e d s i n c e t h e i n f a r c t d e v e l o p e d .( 2 ) P a t h o l o g i c f i n d i n g s o f a h e a l e d o r h e a l i n g M I .C a r d i a c E n z y m e s w i l l b e c o n s i d e r e d a b n o r m a l i f :1 . T h e e n z y m e p r o f i l e m u s t e x h i b i t a t y p i c a l r i s e a n d f a l l a n d r e s u l t f r o m a n i s c h e m i c e v e n t .2 . F o r C K å M B o r C K , t h e e l e v a t i o n m u s t b e > 2 t i m e s t h e u p p e r l i m i t o f n o r m a l u p p e r l i m i t f o r t h el o c a l l a b o r a t o r y . C K å M B r e s u l t t a k e s p r e c e d e n c e o v e r t o t a l C K r e s u l t .3 . F o r c T n , t h e e l e v a t i o n m u s t b e > 2 U L N u s i n g l o c a l l a b o r a t o r y c r i t e r i a e s t a b l i s h e d a s d i a g n o s t i c o fM I . c T n t a k e s p r e c e d e n c e o v e r C K å M B ( i . e . w h e n C K å M B i s a b n o r m a l b u t c T n i s n o r m a l , t h ee n z y m e p r o f i l e w i l l b e c o n s i d e r e d n o r m a l )4 . W h e n C K å M B i s c o l l e c t e d a f t e r a c o r o n a r y r e v a s c u l a r i z a t i o n p r o c e d u r e , t h e t h r e s h o l d f o ra b n o r m a l i t y i s i n c r e a s e d t o > 3 U L N f o r P C I p r o c e d u r e s a n d > 1 0 U L N f o r C A B G p r o c e d u r e s . c T np o s t å p r o c e d u r e w i l l n o t b e u s e d t o d i a g n o s e p o s t å p r o c e d u r e M I b e c a u s e o f t h e l a c k o f r e l i a b l el o n g å t e r m d a t a a t t h e c u r r e n t t i m e , e x c e p t i n t h e s i t u a t i o n w h e r e t h e r e a r e n o a v a i l a b l e C K å M Bd a t a , i n w h i c h c a s e c T n w i l l b e u s e d t o e s t a b l i s h a d i a g n o s i s . I n t h i s c a s e c T n > 3 U L N w i l l b e u s e dt o e s t a b l i s h t h e d i a g n o s i s .5 . I s o l a t e d c a r d i a c e n z y m e r i s e a l o n e d o e s n o t q u a l i f y a s a n M I e v e n t .N E U R O L O G I C A L D Y S F U N C T I O NA n y n e w , t e m p o r a r y o r p e r m a n e n t , f o c a l o r g l o b a l n e u r o l o g i c a l d e f i c i t a s c e r t a i n e d b y a s t a n d a r dn e u r o l o g i c a l e x a m i n a t i o n ( a d m i n i s t e r e d b y a n e u r o l o g i s t o r o t h e r q u a l i f i e d p h y s i c i a n a n d d o c u m e n t e dw i t h a p p r o p r i a t e d i a g n o s t i c t e s t s a n d c o n s u l t a t i o n n o t e ) . T h e e x a m i n i n g p h y s i c i a n w i l l d i s t i n g u i s hb e t w e e n a t r a n s i e n t i s c h e m i c a t t a c k ( T I A ) , w h i c h i s f u l l y r e v e r s i b l e w i t h i n 2 4 h o u r s ( a n d w i t h o u te v i d e n c e o f i n f a r c t i o n ) , a n d a s t r o k e , w h i c h l a s t s l o n g e r t h a n 2 4 h o u r s ( o r l e s s t h a n 2 4 h o u r s i f t h e r ei s e v i d e n c e o f i n f a r c t i o n ) . T h e N I H S t r o k e S c a l e m u s t b e r e Å a d m i n i s t e r e d a t 3 0 d a y s f o l l o w i n g t h ee v e n t t o d o c u m e n t t h e p r e s e n c e a n d s e v e r i t y o f n e u r o l o g i c a l d e f i c i t s . E a c h n e u r o l o g i c a l e v e n t m u s tb e s u b c a t e g o r i z e d a s :1 ) T r a n s i e n t I s c h e m i c A t t a c k ( a c u t e e v e n t t h a t r e s o l v e s c o m p l e t e l y w i t h i n 2 4 h o u r s w i t h n o e v i d e n c eo f i n f a r c t i o n )2 ) I s c h e m i c o r H e m o r r h a g i c C a r d i o v a s c u l a r A c c i d e n t / C V A ( e v e n t t h a t p e r s i s t s b e y o n d 2 4 h o u r s o rl e s s t h a n 2 4 h o u r s a s s o c i a t e d w i t h i n f a r c t i o n o n a n i m a g i n g s t u d y .R E P E A T R E V A S C U L A R I Z A T I O NA n y r e p e a t r e v a s c u l a r i z a t i o n t h a t i n v o l v e s : i ) t h e t a r g e t l e s i o n ( t h e o r i g i n a l l y t r e a t e d s e g m e n t ; f o rs t e n t e d l e s i o n s t h i s i n c l u d e s a n a r e a 5 m m p r o x i m a l o r d i s t a l t o t h e s t e n t e d s e g m e n t ) , o r i i ) t a r g e tv e s s e l ( a l l c o r o n a r y s e g m e n t s i n t h e s a m e e p i c a r d i a l a r t e r y a s t h e t r e a t e d l e s i o n i f t h a t s e g m e n t m a yh a v e b e e n i n v o l v e d d u r i n g p a s s a g e o f t h e c o r o n a r y g u i d e w i r e o r a n y t r e a t m e n t d e v i c e ) , o r i i i ) n o n Åt a r g e t v e s s e l s . T h i s i n t e r v e n t i o n c o u l d b e e i t h e r p e r c u t a n e o u s o r s u r g i c a l b y p a s s .
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