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Aims We sought to determine the degree of anticoagulation reversal required to mitigate bleeding, and assess the feasibility
of using pegnivacogin to prevent ischaemic events in acute coronary syndrome (ACS) patients managed with an early
invasive approach. REG1 consists of pegnivacogin, an RNA aptamer selective factor IXa inhibitor, and its complemen-
tary controlling agent, anivamersen. REG1 has not been studied in invasively managed patients with ACS nor has an
optimal level of reversal allowing safe sheath removal been defined.

Methods
and results

Non-ST-elevation ACS patients (n ¼ 640) with planned early cardiac catheterization via femoral access were rando-
mized 2:1:1:2:2 to pegnivacogin with 25, 50, 75, or 100% anivamersen reversal or heparin. The primary endpoint was
total ACUITY bleeding through 30 days. Secondary endpoints included major bleeding and the composite of death,
myocardial infarction, urgent target vessel revascularization, or recurrent ischaemia. Enrolment in the 25% reversal
arm was suspended after 41 patients. Enrolment was stopped after three patients experienced allergic-like reactions.
Bleeding occurred in 65, 34, 35, 30, and 31% of REG1 patients with 25, 50, 75, and 100% reversal and heparin. Major
bleeding occurred in 20, 11, 8, 7, and 10% of patients. Ischaemic events occurred in 3.0 and 5.7% of REG1 and heparin
patients, respectively.

Conclusion At least 50% reversal is required to allow safe sheath removal after cardiac catheterization. REG1 appears a safe strat-
egy to anticoagulate ACS patients managed invasively and warrants further investigation in adequately powered clin-
ical trials of patients who require short-term high-intensity anticoagulation.
Clinical Trials Registration: ClinicalTrials.gov NCT00932100.
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Introduction
Anticoagulant therapy is a cornerstone of treatment for patients
with acute coronary syndromes (ACS) and is vital to the safe
conduct of percutaneous coronary interventions (PCI); however,
more effective antithrombotics inherently increase bleeding.
Novel approaches that maintain or improve efficacy without in-
creasing bleeding are needed.

Aptamers are single-stranded nucleic acids that form unique
sequence-dependent three-dimensional structures.1,2 Aptamers
are unique in that a complementary nucleic acid controlling
agent can bind through Watson–Crick base pairing, alter the con-
formation of, and inactivate its target aptamer.2– 4 As the degree of
reversal is directly related to the molar ratio of administered com-
ponents, reversal of aptamer activity can be titrated to the patient’s
clinical condition.

The REG1 system consists of pegnivacogin, a single-stranded
RNA factor IXa inhibitor, and its complementary reversal agent,
anivamersen, which binds to and inactivates pegnivacogin with
rapid kinetics (Figure 1).5 REG1 has been studied in a series of
Phase 1 studies4– 7 and a Phase 2a feasibility study in a small
cohort (n ¼ 22) of stable patients undergoing elective PCI.8

These studies demonstrated that in stable patients, pegnivacogin
administered at doses of ≥0.75 mg/kg completely inhibits factor
IX activity and that femoral sheath removal after 100% reversal
appeared safe. The relationship between the degree of reversal
and bleeding and the feasibility of using REG1 to prevent ischaemic
events in patients with ACS undergoing PCI have not been
established.

The RADAR (A Randomized, Partially Blinded, Multicenter,
Active-Controlled, Dose-Ranging Study Assessing the Safety,
Efficacy, and Pharmacodynamics of the REG1 Anticoagulation
System in Patients with ACSs) trial was designed to: (1) determine

the degree of anivamersen-mediated pegnivacogin reversal
required to mitigate bleeding and allow early sheath removal fol-
lowing cardiac catheterization and (2) assess the feasibility of
using the factor IX inhibitor pegnivacogin to prevent ischaemic
events in patients with ACS managed with an early invasive ap-
proach.9 An early substudy was included to confirm near complete
factor IXa inhibition with the selected pegnivacogin dose in this
ACS population.4,10

Methods

Study population and design
The design of RADAR has been previously published.9 RADAR was a
Phase 2b, international, adaptive design, partially blinded, dose-ranging
clinical trial. The protocol was approved by institutional review boards
or ethics committees at each institution and all patients provided
written informed consent prior to participation.

Eligibility criteria
Eligible patients were required to have a minimum of 10 min of ischae-
mic symptoms within 72 h of enrolment associated with (1) dynamic
ST-segment changes, or (2) elevated troponin I or T or CK(MB), or
(3) a history of coronary artery disease by angiography. In addition,
patients had to have planned cardiac catheterization via femoral arter-
ial access within 24 h of randomization. Major exclusion criteria
included: (1) ST-segment elevation myocardial infarction (MI); (2)
weight .120 kg; (3) prior use of low molecular weight heparin
within 3 days or of warfarin, bivalirudin, fibrinolytic agents, or glyco-
protein IIb/IIIa inhibitors within 7 days of enrolment; (4) planned use
of .7 French sheaths, intraaortic balloon pumps, or other support
devices; or (5) an inability to take aspirin or a thienopyridine.

Randomization and study intervention
Using a central interactive voice response system, patients were rando-
mized 3:1 to open-label REG1 with sheath removal 10 min post-
procedure or heparin with sheath removal per the standard of care.
Aspirin and thienopyridine pre-treatment (clopidogrel or prasugrel)
were recommended. Patients not previously treated with thienopyri-
dines were to receive a loading dose (300 or 600 mg of clopidogrel
or prasugrel, as indicated). For patients on chronic thienopyridine
therapy, the administration of an additional loading dose was left to
the discretion of the physician. Glycoprotein IIb/IIIa inhibitors were
recommended in patients assigned to heparin. Patients randomized
to REG1 received pegnivacogin (1 mg/kg over 1 min intravenously)
pre-procedure and were randomized, in a 2:1:1:2 ratio, to a blinded
post-procedure dose of anivamersen of 0.075, 0.2, 0.4, or 1 mg/kg to
achieve 25, 50, 75, or 100% reversal, respectively.4,7 Doses were
chosen based on early phase clinical studies predicting that 1 mg/kg
pegnivacogin would reliably achieve near complete factor IXa inhibition
and the previously defined relationship between anivamersen dose and
the degree of reversal of pegnivacogin activity.4–8 Additional open-
label anivamersen (1 mg/kg, a dose sufficient to completely reverse
all pegnivacogin activity) could be administered if haemostasis was
not achieved after 20 min. Patients who underwent coronary artery
bypass graft (CABG) surgery received open-label complete reversal
prior to surgery and unfractionated heparin during surgery. Patients
randomized to heparin were treated using a standardized recom-
mended dosing algorithm prior to and during catheterization and
underwent femoral arterial sheath removal at a time consistent with
local standard practice.9 As it is customary to utilize anticoagulation

Figure 1 The REG1 anticoagulation system, consisting of peg-
nivacogin (RB006) and its complementary controlling agent aniva-
mersen (RB007).
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post-procedure for deep vein thrombosis prophylaxis in some loca-
tions, this was allowed per local practice in all subjects.

For all patients undergoing sheath removal using manual compres-
sion, pressure was maintained for 10 min and, if haemostasis had not
been achieved, manual compression was applied for an additional
10 min. Vascular closure devices were allowed 10 min after anivamer-
sen dosing or per the standard of care in heparin patients. An ambu-
lation challenge was recommended within 2 h post-sheath removal
in REG1 patients and per the standard of care for heparin patients.

Endpoint definitions
The primary endpoint was total bleeding through 30 days.9 Major
bleeding was defined as intracranial, intraocular bleeding or haemar-
throsis, access site haemorrhage requiring intervention, ≥5 cm
access site haematoma, a reduction in haemoglobin levels of ≥4 g/dL
without overt bleeding or ≥3 g/dL with an overt bleeding source,
re-operation for bleeding, or need for any transfusion of blood pro-
ducts. Minor bleeding constituted any clinically evident bleeding not
meeting the criteria for major bleeding.

The composite ischaemic endpoint was death, non-fatal MI, urgent
target vessel revascularization, or recurrent ischaemia in the target
vessel distribution through 30 days. Specific procedural complications,
including abrupt or threatened coronary artery closure, distal embol-
ization, clot formation on catheters or wires, no reflow, or any
other thrombotic complication, were recorded at the time of
catheterization.

All bleeding and ischaemic events were adjudicated by an independ-
ent clinical events committee blinded to the study treatment using ori-
ginal source documents.

Statistical methods
We projected a 20% absolute rate of total bleeding in the heparin arm
and in the REG1 arm with 25% reversal.9 Based on a projected enrol-
ment of 800 patients, the trial had 80% power to detect a 50% relative
(10% absolute) reduction in bleeding in the REG1 with 100% reversal
arm compared with patients in the heparin or REG1 with 25% reversal
arms at an a of 0.05.

The trial employed an adaptive design. The data safety monitoring
board (DSMB) reviewed efficacy (bleeding) and safety (ischaemic
event) data after enrolment of 100, 200, and 400 patients. Based on
pre-specified criteria, the DSMB could recommend the cessation of
enrolment into lower reversal REG1 arms if excessive bleeding was
observed or into the higher reversal REG1 arms for excessive ischae-
mic events.9 Patients who would have been randomized to discontin-
ued arms were randomized to the remaining reversal arms, maintaining
the same overall sample size and a 3:1 randomization between REG1
and heparin.

Analyses were performed at the Duke Clinical Research Institute
with full access to the trial database. All analyses except adverse
events were performed on an intention-to-treat basis. Rates of
adverse events were analysed according to the actual treatment
received. Odds ratios (ORs) and 95% confidence intervals (CIs)
were provided for the ischaemic event composite (comparing REG1
with heparin) and for bleeding events (comparing REG1-100% reversal
with heparin and REG1-100% reversal with REG1-25% reversal). Stat-
istical testing for these comparisons was performed using Fisher’s
mid-p test. Events following CABG surgery were not systematically
collected and censored per protocol. Evaluation for trends between
the reversal dose and decreases in bleeding were performed using a
Cochran–Armitage Trend test with a one-sided P-value. All analyses

were performed using SAS version 9.2 (SAS Institute Inc., Cary,
NC, USA).

Results

Baseline clinical and demographic
characteristics
Between September 2009 and November 2010, 640 patients were
randomized at 67 centres in the USA, Poland, Germany, Canada,
France, and the Netherlands. Baseline characteristics were well
balanced between arms. Patients qualifying for the trial had positive
cardiac biomarkers (53.1%), ST-segment changes (25.6%), or a
history of coronary artery disease (50.3%) (Table 1).

Study drug and cardiac catheterization
Of patients randomized to REG1, 98.9% received pegnivacogin.
Use of thienopyridines was high and similar in the REG1 and
heparin arms (Table 2). Cardiac catheterization was performed in
98% of patients at a median (25th, 75th) of 2.3 (1.5, 3.7), 2.0
(1.3, 3.6), 1.7 (0.9, 2.7), and 2.0 (1.2, 3.4) h after randomization
in the 25, 50, 75, and 100% reversal arms, respectively, and at
1.8 (0.9, 2.9) h in the heparin arm. The median (25th, 75th) time
from the end of coronary angiography or PCI to sheath removal
was 23 (16, 43) min in REG1-randomized patients vs. 184 (11,
316) min in patients randomized to heparin.

Glycoprotein IIb/IIIa inhibitor use was low in both arms but
modestly higher among patients randomized to heparin. The vast
majority of glycoprotein IIb/IIIa inhibitor use after randomization
(97%) was started during catheterization or PCI.

Outcomes
Bleeding
Following the DSMB review of the first 100 patients randomized,
enrolment into the 25% reversal arm was stopped due to an
excess of bleeding. The final patient distribution and follow-up is
summarized in Figure 2.

Rates of 30-day total and major bleeding are shown in Figure 3.
Bleeding was substantial in the 25% reversal arm. Other than the
25% reversal arm, rates of total bleeding were similar among the
REG1 and heparin arms. Major bleeding was lower in a
dose-related fashion with higher reversal strategies (P ¼ 0.01 for
trend). Open-label anivamersen to effect full reversal was used in
30.8, 5.3, 5.1, and 2.6% of the 25, 50, 75, and 100% reversal
arms, respectively. There was a lower rate of total bleeding with
REG1 and 100% reversal compared with REG1 and 25% reversal
(Figure 3). Similar differences were observed when considering
only patients enrolled in the 100% reversal arm prior to the dis-
continuation of the 25% reversal arm, and after adjusting for base-
line differences between the 25 and 100% reversal arms. The rate
of total bleeding in the 100% reversal arm was similar to the
heparin arm.

When examining the incidence of bleeding from randomization
through hospital discharge, anivamersen dose was directly related
to both total and major bleeding (Figure 4). There was a trend
towards lower bleeding in the 100% reversal arm compared with
heparin (OR 0.7, 95% CI 0.4–1.1; P ¼ 0.10), with a strong
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relationship between the degree of reversal and major bleeding
among REG1-treated subjects (P ¼ 0.001).

Major (89.8%) and total bleeding (88.3%) were predominantly
access site-related. One heparin-treated patient suffered an intra-
cranial haemorrhage and major gastrointestinal bleeding occurred
in three patients assigned to REG1 and one patient assigned to
heparin. A total of eight (1.7%) REG1 and four (2.5%) heparin
patients received non-CABG-related transfusions. There were no
haemarthroses, or urinary tract or intraocular bleeding events.

Ischaemic events
The composite of 30-day death, non-fatal MI, urgent target vessel
revascularization, or recurrent ischaemia in the target vessel distri-
bution was numerically lower in patients assigned to REG1 than
heparin (Figure 5). Ischaemic events were rare and evenly distribu-
ted between the various reversal arms (Table 3). The majority of
ischaemic events were non-fatal periprocedural MIs. Target
vessel revascularization occurred in ,1% of patients and was
not related to the degree of reversal. No periprocedural thrombus
formation on the wire or catheters was observed in REG1-treated

patients, and no patients required transition from pegnivacogin to
heparin during the conduct of PCI.

Adverse events
The rates of adverse events and serious adverse events (60 and
16% in patients treated with REG1 and 55 and 11% in patients
treated with heparin) were similar between REG1- and heparin-
treated patients.

Three patients had allergic-like reactions shortly after pegniva-
cogin administration; two of these reactions were serious. The
first patient had a history of allergic urticaria treated with corti-
costeroids and antihistamines 1 month prior to enrolment. She
developed nausea, pruritus, and shortness of breath 5 min after
pegnivacogin administration and was treated with corticoster-
oids, antihistamines, and short-term vasopressor support with
resolution of all symptoms within 2 h of onset. The second
patient had a history of allergy to radiographic contrast and mul-
tiple other allergies. She developed generalized urticaria without
respiratory or haemodynamic changes, and was treated with
steroids and antihistamines with resolution within 25 min. The
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Table 1 Demographic data of enrolled patients

REG1 25%,
reversal
(n 5 41)

REG1 50%,
reversal
(n 5 117)

REG1 75%,
reversal
(n 5 120)

REG1 100%,
reversal
(n 5 201)

Total REG1
(n 5 479)

Heparin
(n 5 161)

Age, median (25th, 75th), years 62.2 (51.4, 70.2) 63.1 (56.5, 73.2) 66.7 (56.8, 72.4) 66.1 (55.9, 72.0) 64.9 (55.9, 72.1) 62.5 (55.8, 71.2)

Range 37.0, 82.4 38.3, 86.0 38.5, 85.5 33.7, 83.5 33.7, 86.0 37.5, 83.4

Male 25 (61.0) 83 (70.9) 79 (65.8) 136 (67.7) 323 (67.4) 114 (70.8)

Race

White 37 (90.2) 112 (95.7) 114 (95.0) 191 (95.0) 454 (94.8) 152 (94.4)

Black 4 (9.8) 2 (1.7) 4 (3.3) 6 (3.0) 16 (3.3) 6 (3.7)

Other 0 3 (2.8) 2 (1.7) 4 (2.0) 7 (1.4) 3 (1.8)

Hispanic/Latino 2 (4.9) 1 (0.9) 2 (1.7) 2 (1.0) 7 (1.5) 2 (1.2)

Non-Hispanic/Latino 39 (95.1) 116 (99.1) 118 (98.3) 199 (99.0) 472 (98.5) 159 (98.8)

Past medical history

Congestive HF 4 (9.8) 14 (12.0) 11 (9.2) 20 (10.0) 49 (10.2) 16 (9.9)

MI 19 (46.3) 64 (54.7) 54 (45.0) 95 (47.3) 232 (48.4) 75 (46.6)

Previous PCI 16 (39.0) 51 (43.6) 45 (37.5) 96 (47.8) 208 (43.4) 69 (42.9)

Previous CABG 5 (12.2) 14 (12.0) 19 (15.8) 31 (15.4) 69 (14.4) 23 (14.3)

Hypertension requiring therapy 29 (70.7) 88 (75.2) 91 (75.8) 163 (81.1) 371 (77.5) 128 (79.5)

Diabetes 18 (43.9) 47 (40.2) 32 (26.7) 60 (29.9) 157 (32.8) 42 (26.1)

Renal insufficiency 3 (7.3) 16 (13.7) 15 (12.5) 12 (6.0) 46 (9.6) 11 (6.8)

Stroke 5 (12.2) 7 (6.0) 6 (5.0) 4 (2.0) 22 (4.6) 5 (3.1)

Current tobacco use 15 (36.6) 38 (32.5) 24 (20.0) 49 (24.4) 126 (26.3) 44 (27.3)

Enrolment criteria

New or presumably new
ST-segment depression

11 (26.8) 33 (28.2) 30 (25.0) 44 (21.9) 118 (24.6) 46 (28.6)

Elevated troponin I, T, or CK-MB 28 (68.3) 67 (57.3) 66 (55.0) 91 (45.3) 252 (52.6) 88 (54.7)

History of coronary artery disease 19 (46.3) 58 (49.6) 52 (43.3) 115 (57.2) 244 (50.9) 78 (48.4)

Data are presented as no. (%) unless otherwise indicated. CABG, coronary artery bypass grafting; CAD, coronary artery disease; HF, heart failure; MI, myocardial infarction;
PCI, percutaneous coronary intervention.
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third patient had listed allergies to beta-blockers and steroids.
After receiving pegnivacogin, she developed dyspnoea and cuta-
neous tingling. She was treated with corticosteroids, antihista-
mines, and haemodynamic support after developing tachycardia
prompting cardioversion.

Following the third event, enrolment was put on hold. After a
review of completed enrolment and aggregate event information,

it was felt that the trial had sufficient data to meet its main objec-
tives and enrolment was stopped. To determine if there were add-
itional unrecognized allergic-like reactions, we examined the
database for adverse events possibly representing unrecognized
milder allergic reactions occurring within 24 h of pegnivacogin ad-
ministration (Table 4). A full listing of all adverse events reported is
available in the online supplementary materials at European Heart
Journal online.

Discussion
RADAR met its primary objectives, defining that at least 50% peg-
nivacogin reversal is required to allow early sheath removal after
cardiac catheterization via a femoral approach and suggesting
that near complete inhibition of factor IXa with pegnivacogin, fol-
lowed by anivamersen-mediated reversal, may provide a strategy
that permits effective periprocedural anticoagulation without
increased bleeding despite immediate post-procedure sheath
removal.

Pharmacodynamic dose verification
Factor IXa activity and thrombin generation are heightened among
patients with ACS,11,12 and anticoagulant dosing from stable
patients may not translate to more acute settings. We therefore
felt it important to verify that dosing based on early phase
studies resulted in near complete factor IXa inhibition in
RADAR. Our pharmacodynamic substudy demonstrated that peg-
nivacogin at 1 mg/kg achieves near complete and stable inhibition
of factor IXa activity in patients with ACS undergoing cardiac
catheterization.10

Bleeding
The primary objective of RADAR was to define the degree of pegni-
vacogin reversal required to allow prompt femoral sheath removal at
the conclusion of cardiac catheterization. RADAR demonstrated that
25% reversal of pegnivacogin anticoagulation is inadequate, while an

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Treatment characteristics

Treatment strategy REG1
(n 5 473)

Heparin
(n 5 161)

Study drug 98.9 100

Anivamersen (of patients treated
with REG1)

96.5 —

Aspirin 98.3 97.5

Thienopyridine 87.9 89.4

Clopidogrel 82.5 80.8

Loading dose 58.0 53.4

Loading dose (,300 mg) 35.3 51.1

Loading dose (≥600 mg) 64.8 48.8

Prasugrel 8.8 13.7

Loading dose 6.1 8.1

GP IIb/IIIa inhibitor use after
randomization

9.0 15.6

GP IIb/IIIa inhibitor started
during catheterization

8.8 15.0

Vascular closure device 12.9 19.4

Management strategy

Medical therapy 32.1 25.6

PCI 58.9 69.4

CABG 8.9 5.0

Heparin use post-catheterization 16.6 23.9

CABG, coronary artery bypass grafting; GP, glycoprotein; PCI, percutaneous
coronary intervention.

Figure 2 Study flow.
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anivamersen dose that achieves at least 50% pegnivacogin reversal is
sufficient to allow early removal of femoral sheaths with bleeding
rates that appear similar to those observed with heparin.

Assessment of bleeding between REG1- and heparin-treated
patients may have been biased by the open-label assignment of
these groups. The incidence of minor bleeding between discharge
and 30-day follow-up was higher in REG1-treated patients, and did
not vary with reversal strategy. Since patients who were rando-
mized to high levels of reversal had normalized coagulation para-
meters prior to discharge, there may have been ascertainment

bias with greater attention to the identification of minor bleeding
in patients treated with REG1 compared with those receiving
heparin. Major bleeding, which may be less subject to ascertain-
ment bias, appeared more directly related to the dose of anivamer-
sen and was numerically lower in the 100% reversal group
compared with heparin. The rate of use of open-label anivamersen
to normalize coagulation parameters mirrors these results. These
results, however, require confirmation in a larger and preferably
blinded clinical trial.

Ischaemic events
Given the availability of reversal with anivamersen, we chose a
dose of pegnivacogin that would reliably achieve near complete in-
hibition of factor IXa. High-dose direct factor Xa inhibition has
resulted in improved efficacy but with dose-limiting bleeding.13

RADAR suggests that a strategy of high-level anticoagulation fol-
lowed by controlled reversal might be attractive in patients with
ACS undergoing invasive management. A theoretical concern is
that immediate, complete reversal of anticoagulation might result
in an increased risk of acute thrombotic complications. Although
the number of events is low, we did not observe any increase in
acute (,24 h) or short-term (30 days) thrombotic events with
higher levels of reversal.

Factor IXa inhibition
Factor IXa is a theoretically attractive target but has not been
validated as a clinically effective target for therapeutic

Figure 4 Total and ACUITY major bleeding through hospital
discharge. The number and incidence of total and major modified
ACUITY bleeding is shown.
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Table 3 Ischaemic events by treatment arm

REG1 25% REG1 50% REG1 75% REG1 100% REG1 overall Heparin

Composite 3 (7.5) 1 (0.9) 5 (4.2) 5 (2.6) 14 (3.0) 9 (5.7)

Death 0 0 1 (0.8) 0 1 (0.2) 1 (0.6)

MI 3 (7.5) 1 (0.9) 4 (3.4) 4 (2.1) 12 (2.6) 7 (4.5)

Urgent TVR 1 (2.6) 0 1 (0.8) 1 (0.5) 3 (0.6) 1 (0.6)

Values presented as no. (%). There were no recurrent ischaemic events. MI, myocardial infarction; TVR, target vessel revascularization.

Figure 3 Total and ACUITY major bleeding through a 30-day
follow-up. The number and incidence of total and major modified
ACUITY bleeding is shown.

Figure 5 Incidence of the composite ischaemic endpoint
(death, non-fatal myocardial infarction, urgent target vessel revas-
cularization, or recurrent ischaemia in the target vessel distribu-
tion) through a 30-day follow-up.
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anticoagulation.14 Factor IXa is the proximal driver of thrombin
generation15 and is directly activated by foreign materials, and
increased factor IX activity has been associated with a higher inci-
dence of clinical thrombotic events.11,12 In addition, factor IX con-
centrations are lower and less variable than those of factor X or
thrombin, making consistent high-level target inhibition theoretical-
ly more achievable. The results of this study suggest that factor IXa
inhibition does represent a viable and potentially effective strategy
for anticoagulation. There were no cases of intraprocedural throm-
bosis, clots formed on equipment, or ‘bail-out’ use of heparin that
might suggest inadequate intraprocedural anticoagulation.16

Timing of sheath removal
By design, REG1 patients underwent prompt sheath removal post-
procedure, while subjects randomized to heparin had their sheaths
removed according to the local standard of care. This resulted in a
substantial difference in the time from the end of the procedure
to sheath removal between these strategies. Delayed sheath
removal has been repeatedly shown to be associated with bleed-
ing.17– 19 The use of vascular closure devices reduces the time to
sheath removal; however, they have not consistently been shown
to reduce bleeding complications and may increase vascular com-
plications.20– 22 While radial access also allows early sheath
removal, it results in greater patient and operator radiation expos-
ure,23 may not improve cardiac outcomes,24 and is not compatible
with procedures requiring larger sheath sizes.

Allergic-like reactions
Ribonucleic acid aptamers are inherently non-immunogenic and
extensive analysis in pre-clinical models and early clinical trials5 –7

has failed to demonstrate aptamer-mediated complement activa-
tion. The nucleic acid component of pegnivacogin is connected
to a 40 kD polyethyleneglycol (PEG) chain to increase its stability
and prolong its half-life. While antibodies to PEG have been
reported,25– 27 their incidence is low and first exposure reactions
to PEG are uncommon.

Whether the three events observed in RADAR represent an in-
herent immunogenic property of pegnivacogin, reactions due to
patient-specific factors, a random clustering of otherwise rare
events, or a manifestation of degradation or contamination in the
study drug is under investigation. Investigation of the study drug
has not revealed product degradation, lot specificity, or other
manufacturing issues as a cause. Each reaction occurred soon

(,30 min) after pegnivacogin administration and prior to the ad-
ministration of contrast. Potential mechanisms of such reactions
might include direct complement activation, mast cell activation,
or antibody-mediated mechanisms. Extensive primate studies as
well as monitoring performed throughout Phase 1 (n ¼ 161)
revealed no evidence of complement activation. While mast cell
activation has not been specifically evaluated, there were no clinical
signs suggestive of pegnivacogin-mediated mast cell activation.

Given the first exposure nature of the observed reactions,
antibody-mediated mechanisms would require cross-reactivity
between pegnivacogin and a pre-formed antibody. The modifica-
tions to and size of the oligonucleotide make first-exposure reac-
tions unlikely. Prior exposure to the PEG component could be a
possible culprit. In this regard, the prior history of allergy in each
of the subjects might be relevant. If and when pegnivacogin is
studied in subsequent clinical trials, systematic screening for
allergy history, routine collection of blood samples for analysis,
initial enrolment of lower risk patients, and appropriate education
and management plans for potential allergic reactions should be
considered.

Limitations
The partially open-label design makes comparisons between REG1
and heparin subject to potential bias; however, the primary com-
parison of bleeding among REG-1 reversal strategies was blinded.
As a Phase 2 trial, RADAR was not powered to determine the
safety or efficacy of REG1 compared with other anticoagulant
strategies. We used a relatively liberal definition of major bleeding
to increase our ability to detect differences among groups. Similar
definitions have been used in other Phase 228 and Phase 3
studies,29,30 and the use of a stricter definition excluding haema-
toma as a major bleeding criterion did not affect the results.
Finally post-randomization decisions, including administration of
open-label heparin, may have both influenced and been influenced
by post-randomization bleeding and ischaemic events.

Conclusion
At least 50% anivamersen-mediated reversal of pegnivacogin is
required to effectively mitigate bleeding after early femoral
sheath removal in invasively managed patients with ACS. Ad-
equately powered randomized clinical trials are warranted to de-
termine the safety and efficacy of factor IXa inhibition with
REG1 compared with other anticoagulation strategies in patients
who require high-intensity, short-term anticoagulation.

Supplementary material
Supplementary material is available at European Heart Journal
online.
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Table 4 Incidence of allergic-like adverse events
within 24 h of drug administration

Adverse events REG1 (n 5 465) Heparin (n 5 163)

Hives 0.2 —

Hypotension 2.4 1.9

Rash — 0.7

Dyspnoea 0.9 —

Values presented as percentages.

Controlled anticoagulation in ACS 2487

http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehs232/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehs232/-/DC1


Funding
The RADAR trial was supported by Regado Biosciences, Inc.

Conflict of interest: T.J.P. receives research salary support through
Duke Clinical Research Institute from Regado Biosciences and has
received compensation for attending Regado Bioscience’s Medical Ad-
visory Board meetings. J.P.V. receives research salary support through
Duke Clinical Research Institute from Regado Biosciences. L.H.A.
receives research salary support through Duke Clinical Research Insti-
tute from Regado Biosciences. R.M. has received compensation for
being on Regado Bioscience’s Medical Advisory Board. M.G.C. has
received consulting honoraria from Regado Biosciences. S.L.Z. is an
employee with stock options in Regado Biosciences. R.C.B. receives
research salary support through Duke Clinical Research Institute
from Regado Biosciences and has received compensation for service
on Regado Bioscience’s Medical Advisory Board. J.H.A. receives re-
search salary support through Duke Clinical Research Institute from
Regado Biosciences and has received compensation for service on
Regado Bioscience’s Medical Advisory Board. J.D.K., C.B., C.E.B.,
J.H.C., A.R., M.N., and N.D. have no conflicts to declare. Duke Univer-
sity’s institutional conflict of interest is included in online supplemen-
tary materials at European Heart Journal online.

Appendix
Steering Committee: John H. Alexander (Chair), Duke Clinical
Research Institute, Durham, NC, USA; Richard Becker, Duke Clin-
ical Research Institute, Durham, NC, USA; Christoph Bode, MD,
University of Freiberg, Freiberg, Germany; Christopher E. Buller,
MD, Hamilton General Hospital, Hamilton, Ontario, Canada;
Mauricio G. Cohen, MD, University of Miami Miller School of
Medicine, Miami, FL, USA; Jan H. Cornel, MD, Medisch Centrum
Alkmaar, Alkmaar, the Netherlands; Jaroslaw D. Kasprzak, MD,
Medical University of Lodz, Łódź, Poland; Roxana Mehran, MD,
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Transcoronary septal ablation in hypertrophic obstructive cardiomyopathy
by embolizing microspheres†
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A 62-year-old male patient with hypertrophic obstructive car-
diomyopathy (HOCM) under treatment with b-blockers and
calcium antagonists was admitted for dyspnoea (NYHA III).
Heart rate was 45 b.p.m. (Panel A) and echocardiography
revealed left ventricular outflow tract obstruction (estimated
pressure gradient at rest 70 mmHg; after exercise 89 mmHg)
and systolic anterior motion of the mitral leaflet. Cardiac mag-
netic resonance imaging confirmed HOCM (Panel B). A peak gra-
dient between the left ventricle and the aorta of 18 mmHg was
augmented to 113 mmHg in the post-extrasystolic beat (Brock-
enbrough–Braunwald–Morrow sign, Panel C). Transcoronary
septal ablation was performed by microspheres embolization
(Embozenew, CeloNova, Newnan, USA; diameter: 75 mm)
(Panel D). The first septal branch was occluded for 10 min
(Panel E) and a suspension of 1.4 mio microspheres diluted in
5 ml contrast agent was slowly injected distally. Postprocedurally,
the pressure gradient was decreased and the Brockenbrough–
Braunwald–Morrow sign absent (Panel F). No AV, or bundle
branch block, but ST-elevation in V1–V4 (Panel G) was seen.
Troponin I peaked at 93 ng/mL, creatine kinase at 2851 U/I,
and myoglobin at 486 mg/L. Magnetic resonance imaging
revealed new patchy contrast enhancement of the basal- and mid-ventricular septum (Panels H and I ). Left ventricular ejection fraction
remained largely unchanged (66 vs. 73%). On echocardiography the stress-induced pressure gradient was reduced from 89 to
23 mmHg. After 5 days, the patient was discharged.

The conceptual advantage of microspheres over alcohol for septal ablation is the confinement of microspheres to the vasculature
and thus of necrosis to the ischaemic perfusion territory; this poses a lesser threat to the left bundle branch which is at least partially
served by diffusion from the left ventricular cavity.

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2013. For permissions please email: journals.permissions@oup.com
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