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Introduction

I.

This is an Executive Summary for the Circulatory System Devices Panel Meeting concerning the premarket
approval application (PMA P180036) for the OPTIMIZER SMART (OPTIMIZER) Implantable Pulse Generator
(IPG) sponsored by Impulse Dynamics (USA), Inc. The OPTIMIZER is a first of its kind, Breakthrough Device
delivering Cardiac Contractility Modulation (CCM) therapy to the right ventricular septum of the heart in patients
with moderate-to-severe chronic heart failure (HF). The panel is held for the Committee to discuss and make
recommendations regarding the safety and effectiveness of this device based on available clinical trial data, lack of
alternative therapies, risk-benefit analysis, proposed labeling and the planned post-approval study (PAS).
The Executive Summary provides a discussion of the Breakthrough Devices Program, device description, available
clinical data and current thinking from the Food and Drug Administration (FDA or “the Agency”). The panel’s
review and discussion of the information will inform the Agency’s recommendations on the reasonable assurance of
safety and effectiveness of the device.

II.

Breakthrough Device Program

A. General
The Breakthrough Devices Program is a voluntary program for certain medical devices that provide for more
effective treatment or diagnosis of life-threatening or irreversibly debilitating diseases or conditions. This program is
intended to help patients have more timely access to these medical devices by expediting their development,
assessment, and review, while preserving the statutory standards for premarket approval consistent with the
Agency’s mission to protect and promote public health. The Breakthrough Device Program supersedes the
Expedited Access Pathway (EAP), which was launched in 2015. The Breakthrough Device Program contains
features of the EAP as well as the Innovation Pathway (first piloted in 2011), both of which were intended to
facilitate the development and expedite the review of breakthrough technologies. For additional information
regarding the EAP and Breakthrough Device Program beyond the information provided in this summary, please
visit:
https://www.fda.gov/medicaldevices/deviceregulationandguidance/howtomarketyourdevice/ucm441467.htm

B. Designation Criteria
As defined in section 515B of the Federal Food, Drug and Cosmetic Act (FD&C Act), breakthrough devices are
devices that:
(1) provide for more effective treatment or diagnosis of life-threatening or irreversibly debilitating human
disease or conditions; and
(2) (A) that represent breakthrough technologies;
(B) for which no approved or cleared alternatives exist;
(C) that offer significant advantages over existing approved or cleared alternatives, including the potential,
compared to existing approved alternatives, to reduce or eliminate the need for hospitalization, improve
patient quality of life, facilitate patients’ ability to manage their own care (such as through self-directed
personal assistance), or establish long-term clinical efficiencies; or
(D) the availability of which is in the best interest of patients.
The last criterion may apply when the device has a benefit for patients who are unable to tolerate available therapy,
whose disease has failed to respond to available therapy, or for whom the treatment can be used effectively with
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other critical agents that cannot be combined with available therapy. This criterion may also apply if the device
avoids serious harm that can occur with available therapy.
The request for Breakthrough device designation may be made at any time prior to the submission of an PMA,
510(k) or petition for classification.
Breakthrough Device designation may be granted for multiple devices with the same proposed intended use.
However, when a Breakthrough Device has been approved or cleared or has had a De Novo request granted, no
other devices with the same intended use will be designated as a Breakthrough Device, unless the criteria for
designation described above are met considering the first Breakthrough Device’s market availability.

C. Approval Process
As with all devices subject to a PMA, Breakthrough Devices must still meet the statutory standard of reasonable
assurance of safety and effectiveness at the time of approval. In all premarket approval decisions, there is some
degree of uncertainty about the benefits and risks of the device. For Breakthrough Devices, FDA may accept more
uncertainty of the benefit-risk profile if the uncertainty is sufficiently balanced by other factors, including the
probable benefits for patients to have earlier access to the device. Furthermore, depending on the level of acceptable
uncertainty in the benefit-risk profile at time of approval, FDA may shift data collection from the premarket to the
postmarket setting. Other key aspects of a Breakthrough Device designation include:


Efficient and Flexible Clinical Study Design
FDA intends to ensure that the design of clinical trials is as efficient and flexible as practicable, when
scientifically appropriate. This may include the following:
o
prespecified endpoints regarding the minimum clinically meaningful effect;
o
intermediate and surrogate endpoints where evidence is provided to support the endpoints
reasonably likely to predict the clinical benefit of a device
o
composite endpoints with an explicit rationale for the meaningful effect size



Clinical Protocol Agreement
The Breakthrough Devices Program offers a mechanism for obtaining agreement in writing for clinical
protocols, which will be considered binding on both FDA and the sponsor.



Data Development Plan (DDP)
Sponsors of Breakthrough Devices may request coordination with FDA regarding early agreement on a
Data Development Plan (DDP). The DDP is a high-level document intended to help ensure predictable,
efficient, transparent, and timely device assessment and review by outlining data collection expectations for
the entire product lifecycle. It should describe the balance of premarket and, as applicable, postmarket
collection of clinical and nonclinical data. FDA intends to work with the sponsor so that the plan is
developed in a manner that is least burdensome and predictable, while allowing for some measure of
flexibility and adjustments as appropriate.



Manufacturing Considerations
In appropriate cases, FDA may also forgo inspection of certain manufacturing sites prior to approval of a
Breakthrough Device given specific conditions including inspections history, review the sponsor’s quality
system and manufacturing information. Where an inspection is not conducted prior to approval of the PMA
for a Breakthrough Device, FDA intends to conduct an inspection within 12 months after approval.
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D. OPTIMIZER SMART Breakthrough Device Designation
Approximately 5.7 million adults in the United States have HF and 50% of those who are diagnosed die within 5
years of the diagnosis being made [1]. Furthermore, 1 in 9 deaths in 2009 included heart failure as a contributing
cause [1]. In 2012, there were 1,774,000 physician office visits with a primary diagnosis of HF [2]. In 2011, there
were 553,000 emergency department visits and 257,000 outpatient department visits for HF [2]. HF is not only a
debilitating disease for NYHA Class III and IV patients, morbidity and mortality are high in patients with heart
failure.
Cardiac Resynchronization Therapy (CRT) has been demonstrated to reduce HF hospitalizations and cardiovascular
mortality in patients with a wide QRS (>120ms) [8,9]. CRT is an option for NYHA Class II-IV HF patients with
reduced ejection fraction (HFREF) who remain symptomatic despite stable, guideline-directed medical therapy
(GDMT) [3]. However, common criteria for CRT indications are a Left Ventricular Ejection Fraction (LVEF) ≤
35% and a prolonged QRS duration ≥ 120 ms [3]. CRT does not seem to be an effective option in patients with a
QRS of <120 ms and may result in poor outcomes such as increased mortality and hospitalization [4]. However,
prolongation of QRS (≥ 120 ms) occurs in roughly one third of patients with HF [5,6]. There are not many
therapeutic options short of left ventricular assist devices (LVAD) and orthotopic heart transplant for symptomatic
patients despite maximally tolerated GDMT and who are not candidates for CRT, due to a narrow QRS complex on
ECG (<120 ms). Therefore, a device therapy that does not increase long term mortality and can improve Quality of
Live (QoL) of patients with HFREF is an important unmet need.
The OPTIMIZER IPG was designed to deliver CCM, which are non-excitatory electrical signals during the
myocardial absolute refractory period in synchrony with locally sensed electrical activity. The goal of this therapy is
to increase ventricular contractile strength to improve systolic function without increasing myocardial oxygen
consumption [7]. CCM signals are intended to treat patients with moderate to severe symptomatic HF (NYHA Class
III and IV) despite maximally tolerated GDMT and are not eligible for CRT. The OPTIMIZER IPG is a first of a
kind device delivering CCM therapy to a patient population that currently has no alternative minimally invasive
options; therefore, the device was granted Breakthrough Device designation on July 31, 2015.

III.

Device Description

A. Intended Use and Indications for Use
Intended Use: The OPTIMIZER System is intended to deliver
CCM electrical signals to the myocardium of the heart.
Indications for Use: The OPTIMIZER System, which delivers
CCM therapy, is indicated for the treatment of NYHA Class III
or ambulatory NYHA Class IV heart failure patients who
remain symptomatic despite guideline directed medical therapy,
are in normal sinus rhythm with LVEF ranging from 25% to
45% and are not indicated for CRT to improve exercise
tolerance, quality of life, and functional status.
Cardiac Contractility Modulation: The OPTIMIZER System
Figure 1: Conceptual depiction of the OPTIMIZER
is designed to deliver non-excitatory CCM signals during the
IPG, connected via pacing leads to the atrium and
myocardial absolute refractory period. The system includes the
ventricular septum.
rechargeable IPG, leads, programmer, and charger. The IPG is
connected to the heart via three standard implantable pacing leads (Figure 1); one for the right atrium (RA) and two
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for the right ventricular septum (RV). One of the ventricular leads is designated as the fiduciary Right-Ventricular
(RV) lead, and the other is called the Local Sense (LS) lead.
Sense amplifiers detect atrial and ventricular events from each of the leads. The electrograms are amplified in
differential mode and filtered. The sensing polarity of the RA and RV channels can be individually programmed to
unipolar or bipolar, and the sensitivity threshold for each channel can be programmed between 0.1 mV and 5.0 mV
for the RA, and between 0.1 mV and 10.0 mV for the RV/LS leads. As shown in Figure 2b, the CCM pulse trains
are formed by a programmable number of consecutive pulses, each with two phases of opposite polarity and
programmable duration. The number of pulses per train can be programmed to 1, 2, or 3. The voltage can be
programmed between 4.0 and 7.5 V. The duration of the phases of the pulses that form the CCM signal train can be
programmed between 5.14 and 6.6 msec. After the CCM pulse train is delivered (to each of the RV leads), a 40 ms
balancing phase completes the CCM signal to discharge any polarization of the electrode-tissue interface.
By analyzing the sequence of the sensed
cardiac events, the OPTIMIZER determines
whether to deliver CCM signals on a beat-bybeat basis. The CCM signal is inhibited by a
suspected ectopic beat or an arrhythmia. A
cardiac cycle is considered normal and
appropriate for CCM signal delivery only if the
RA-to-RV, RV-to-RV, RA-to-RA, and RV-toLS intervals meet stringent timing and
sequencing criteria. If all timing criteria are
met, then the CCM signal train triggered by the
Local Sense triggering event is delivered. The
delay parameter (coupling interval) is the time (a)
interval between the Local Sense triggering
event and the start of the CCM train delivery.
The delay can be programmed in 1ms
increments between 3 and 140 ms. Typically,
the delay is programmed between 30 and 50
ms.
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Even though CCM therapy could in principle
be delivered 24 hours a day, most clinical trials
so far have limited the dosage to 3, 5 or 7 non<7.5V
contiguous hours per day. For example,
treatment groups in US studies received 5 non30-35 ms
40ms Balanci ng Phase
contiguous one-hour periods of CCM therapy
LS
per day, with a schedule of one hour ON and
(b)
three hours and 48 minutes OFF. One driving
Figure
2: CCM timing diagram (b) in relation to the cardiac cycle (a).
factor for a reduced dosage is battery longevity.
The high voltage setting combined with the
long pulse duration requires substantially more energy than a traditional pacemaker or CRT device; favoring a
rechargeable approach and a reduced dosage. No formal dosage studies have been conducted yet.
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B. Implantable Pulse Generator
The OPTIMIZER SMART IPG is an implantable device designed for subcutaneous implant in the subclavicular
area. The IPG has the appearance of a typical ICD/CRT-D device (see Figure 3). The dimensions are very
comparable, however, ICDs tend to be heavier (~ 70 g) due to the larger, non-rechargeable battery. Implantation is
performed in a minimally-invasive procedure under local anesthesia. The IPG is generally implanted in the right
pectoral region. The recommended maximal depth of implant, for proper device interrogation and charging, is 4 cm.
The IPG is secured to the fascia using a non-absorbable ligature.
Since the inception of CCM, the OPTIMIZER family of
devices has evolved over several generational versions
(2001-2017) and the device has been the focus of numerous
clinical studies to establish performance characteristics,
safety and effectiveness in Europe, Asia and the United
States. The OPTIMIZER I (Figure 4, upper left) was the first
implantable IPG designed to use commercially available
active fixation leads but required a lead adapter. The
OPTIMIZER II (Figure 4, upper middle) introduced several
improvements. It did not require the lead adapter and
automated the CCM therapy based on a daily schedule.
However, the device used a primary (non-rechargeable)
battery. The device longevity was limited to approximately
six to twelve months. A rechargeable battery was introduced
with the OPTIMIZER III (Figure 4, top right and bottom
left), substantially extended device longevity. Even though a
single charge had sufficient energy for six to eight weeks of
CCM therapy, a weekly recharge was recommended to
facilitate patient compliance. The OPTIMIZER IVs, also
known as the Mini, was introduced in 2013 (Figure 4,
bottom right) and was replaced by the nearly identical
OPTIMIZER SMART in 2016.

Epoxy
header
Recharge
coil

rew
silicone
plugs

Titanium

can

FrontView
11.S

Width: 69.4 ± 2.0 mm
Height: 47.5 ± 0.5 mm
Thickness: 11.5 ± 0.5 mm (no screw caps)
3

Volume: 31.2 ± 0.5 cm
Mass: 46 ± 3 g
Figure 3: OPTIMIZER SMART Characteristics

Placing a pacemaker magnet over the implant site of the IPG
and maintaining it near the device for at least two cardiac
cycles (2–3 seconds), sets the IPG into a Permanent Off
state. This Permanent Off state is maintained even after the
magnet is removed. In this state, the IPG does not deliver
CCM signals, although it senses and classifies cardiac
events. This Permanent Off state can be changed only by
reprogramming the IPG with the OMNI Smart Programmer
under physician supervision.
The IPG has protective mechanisms that maintain the
internal consistency of the system. In the unlikely event a
malfunction occurs, the IPG will fall into a safe state referred
Figure 4: OPTIMIZER Evolution
to as “DOWN” mode. In this mode, the IPG does not deliver
CCM signals, and may not sense cardiac events. This status can be changed only by resetting the IPG using the
Programmer under physician supervision.
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All versions of the OPTIMIZER, beginning with the OPTIMIZER
II, have received the CE Mark (see Table 1). The last two
OPTIMIZER models (IVs and SMART) are available for
commercial distribution in Europe; with the OPTIMIZER IVs
being replaced by the OPTIMIZER SMART.

Table 1: CE MARK DATES
OPTIMIZER RELEASE
OPTIMIZER II
OPTIMIZER III
OPTIMIZER IVs
OPTIMIZER SMART

CE MARK DATE
December 24, 2002
December 23, 2005
January 28, 2013
October 03, 2016

A total of 1360 OPTIMIZER IVs and 715 OPTIMIZER SMARTs have been implanted outside of the United States
(OUS). All models of the OPTIMIZER, beginning with the OPTIMIZER II, have been studied in US clinical trials.
The total number of implants used in US clinical trials is approximately 350 units. Including worldwide clinical
trials and commercial distribution, the total number of implanted devices is approximately 3,000.

C. Leads
Any commercially available IS-1, active fixation, bipolar pacing lead can be used with the OPTIMIZER IPG.
However, the two ventricular leads must meet the requirements summarized in Table 2. Currently qualified
ventricular leads include
 Biotronik Setrox S45, S53 and S60 leads
 Boston Scientific Dextrus 4135, 4136 and 4137 leads
 St. Jude Tendril DX 1688T, 1788T, 1888 or 2088 active fixation leads
Leads are placed transvenously via subclavian or cephalic
vein access. The preferred ventricular lead arrangement is for
one RV lead to be placed in the anterior septal position and
the other in the posterior position approximately half way
between the base and apex. The second most preferred lead
arrangement would be for both leads to be positioned in the
anterior or posterior septal position with a separation of at
least ~2 cm. The spacing is required for RV-to-LS timing.

Table 2: Ventricular Lead Requirements
Parameter
Requirement
Lead Diameter
Tip-Ring Spacing
Tip Electrode Material

≤8 French
8 to 30 mm
PtIr coated with Titanium Nitride,
Iridium Oxide(IROx or “fractal
iridium”)

Tip active surface area
Ring active surface area
Total wire resistance

≥3.6 mm2
≥ 16 mm2
≤200 Ω

Leads from a prior ICD and/or pacemaker implant should
only be used for those devices and may not be connected to the OPTIMIZER system. To ensure that the
OPTIMIZER System does not interfere with an ICD or pacemaker, the other devices are interrogated during
application of CCM signals per the device interaction testing procedure. The main mechanism whereby device
interaction could occur is double counting where the CCM signal is sensed and counted in addition to the QRS as an
extra electrical depolarization. The implanting physician should modify the ICD or pacemaker parameters (e.g.,
increase the blanking period) until double counting is no longer evident.

D. Programmer System
The OMNI II Programmer System includes the OMNI SMART Programmer and OMNI SMART Application
Software. The OMNI SMART Programmer is a touch screen Tablet PC or Laptop connected to a Programmer
Interface Box. Communication between the Programmer and the IPG is established with a magnetic induction
telemetry Wand placed directly over the implant site. A graphical user-interface provides the physician with the
information and controls required to program the IPG under a diversity of clinical settings (Figure 5).
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In an emergency, the OMNI Smart Programmer can program the
IPG with a safe parameter set [Standby (OOO) mode, CCM OFF].
This Emergency Programming can be performed even if the
Programmer’s (PC) is turned OFF or is not functioning. However,
the Wand still must be connected to the Interface Box.
Alternatively, the IPG can be placed in the Permanent OFF Magnet
Mode by application of a standard pacemaker magnet.
The OMNI SMART Programmer Application Software runs under
the Embedded Windows 7 Operating System. The OMNI SMART
Programmer also supports Application Software for previous
revisions of the OPTIMIZER including the OPTIMIZER IVs IPG,
the OPTIMIZER III IPG and the OPTIMIZER III Charger Setup
Software.

Laptop or
Tablet PC

Interface
Box

Wand

In addition to facilitating a quick check of important parameters, the
3 Lead ECG
Programmer Application Software allows users to print out device
Connection
related data needed for informed patient management in one concise Figure 5: The Programmer consists of a batteryreport which is intended to simplify and abbreviate patient follow
operated laptop, running Application Software,
up.
connected to a Programmer Interface Box and the
Programmer Wand. ECG leads are optional.

E. Rechargeable Battery & OPTIMIZER Mini Charger
The OPTIMIZER SMART draws less than 40 μA in OOO mode, less
than 45 μA when sensing but not delivering CCM, and less than
1,200 μA when delivering CCM. However, the current draw is
strongly dependent on the energy delivered by the CCM pulse train.
To manage these power requirements, the IPG is powered by an
implantable-grade rechargeable lithium-ion cell: Quallion QL200I-A.
Inductive energy transfer is used to non-invasively recharge the
OPTIMIZER SMART IPG. Inductive energy transfer is based on an
oscillating electromagnetic field generated by a primary coil (which is Figure 6: OPTIMIZER Mini Charger with
part of the OPTIMIZER Mini Charger). Magnetic fields can penetrate Battery Charger and Plug Adapters
human tissues with nearly no attenuation. Therefore, the field energy
can be picked up by a secondary coil (inside the OPTIMIZER SMART IPG’s header) which is connected to the
electronic circuitry of the implant and be converted back into electrical energy. The charging can take place at up to
4 cm from the charger’s coil.
The battery voltage of the OPTIMIZER SMART IPG is approximately 4.1 V when the device is fully charged.
When battery voltage falls to 3.3 V, the device places itself in Standby (OOO) mode and stops performing any
function except telemetric communication with the Programmer and OPTIMIZER Mini Charger. The device will
return to normal behavior once the voltage rises above 3.4 V. If the battery voltage drops below 3.0 V, the device
disconnects its circuitry from the battery and stops performing any function, including telemetric communication
with the Programmer. However, it can be reactivated by the OPTIMIZER Mini Charger. The rechargeable battery in
the OPTIMIZER IPG can be fully discharged without out causing any damage. The battery contains enough energy
to power the device for 3 to 4 weeks, but weekly recharge is recommended to facilitate patient compliance. The
typical charging session lasts 60 to 90 minutes. Recharging is also recommended if the device is interrogated and the
battery level is at or below 3.5V.
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IV.

The FIX-HF-5 Clinical Study

A. Historical Background
Clinical evidence to evaluate safety and effectiveness is derived from the FIX-HF-5 series of studies, including: The
Phase I FIX-HF-5 Feasibility trial; the Phase II FIX-HF-5 Pivotal trial; and the FIX-HF-5C Confirmatory trial.
The feasibility trial (FIX-HF-5, Phase I) evaluated the OPTIMIZER II System in 49 patients with NYHA Class III
and a normal QRS duration. The results provided preliminary evidence to support initiating the Pivotal Trial FIXHF-5, Phase II (herein referred to as FIX-HF-5). The FIX-HF-5 trial failed its primary endpoint, but a subgroup
analysis demonstrated an improvement in the subgroup with LVEF >25% and NYHA class III.
This led to the subsequent FIX-HF-5C study which was conducted to further evaluate the benefit of CCM in patients
with LVEFs ranging from 25% to 45%. A Bayesian statistical approach was employed to leverage the data
available, particularly the pVO2 (pVO2) results, from the FIX-HF-5 Phase II study. Additional assessments included
quality of life as assessed by the Minnesota Living with Heart Failure Questionnaire (MLWHFQ), functional class
(NYHA) and 6-minute walk.

B. FIX-HF-5 Study Design
The FIX-HF-5 study was a randomized, double blinded, multi-center study intended to evaluate the safety and
effectiveness of the OPTIMIZER III System. It was a prospective, randomized controlled trial which compared
optimal, guideline directed HF medical therapy to optimal medical therapy plus CCM device therapy [9]. Subjects
were enrolled between 2005-2007 who were greater than 18 years old with an LVEF </=35% and NYHA class III or
IV despite medical therapy with an ACE-I or ARB and beta blocker for at least 3 months with a baseline pVO2 >9
mL O2/kg/min. Subjects had to be in sinus rhythm and have a narrow QRS (i.e. ineligible for CRT). Subjects were
randomized 1:1 and the medical therapy (control) arm did not receive a device.
Table 3: An Abbreviated list of the Inclusion and Exclusion Criteria for the FIX-HF-5 Study
Inclusion
 Baseline ejection fraction ≤ 35% by
echocardiography.
 Baseline pVO2 > 9 mL O2/kg/min
 NYHA Class III or IV heart failure despite having
received appropriate medical therapy during the
90 days prior to enrollment for treatment of heart
failure, consisting of the appropriate doses of the
following medications, except when the subject is
intolerant, or clinically otherwise contraindicated
or deemed inappropriate:
Diuretic, ACE‐inhibitor or angiotensin II
receptor blocker, β‐blocker, Spironolactone.
In addition, during the 30 days prior to
enrollment, the subject should be on an optimal
and stable dose of diuretic, a beta-blocker and
angiotensin converting enzyme inhibitor (unless
not tolerated). Stable is defined as no more than a
100% increase or 50% decrease in dose.
 May have an implanted pacemaker and/or an
implanted ICD system

Exclusion
 Baseline pVO2 is <9 ml O2/min/kg
 A potentially correctible cause of heart failure, such as valvular heart disease or
congenital heart disease.
 Clinically significant angina pectoris
 Hospitalized for heart failure which required the use of intravenous diuretics or
inotropic support within two weeks of enrollment.
 Subjects without an ICD who have a documented history of sustained VT, or who
have an indication for an ICD and are not scheduled for ICD implantation at the time
of OPTIMIZER II implantation or who have had appropriate ICD firing during the
past month.
 A clinically significant amount of ambient ectopy, defined as more than 8,900 PVCs
per 24 hours on baseline Holter monitoring.
 Chronic atrial fibrillation or chronic atrial flutter.
 Exercise tolerance is limited by a condition other than heart failure (e.g., angina,
COPD, peripheral vascular disease)
 Unable to participate in a 6-minute walk or a cardiopulmonary stress test.
 Scheduled for a CABG or a PTCA procedure, or who have undergone a CABG
procedure within three months or a PTCA procedure within one month of enrollment.
 Subjects who have a biventricular pacemaker or whose primary care physician(s)
believes a biventricular pacemaker is indicated.
 Subjects who have had a myocardial infarction within three months of enrollment.

Page 10

C. FIX-HF-5 Study Results
1. Demographics and Enrollment
As see in in Table 4 [9], the two arms were well matched. Most enrollees had NYHA class III symptoms and the
mean overall LVEF was approximately 26%. The mean pVO2 was approximately 14.72 mL/kg/min. Most subjects
were on an ACE or ARB (91%) and a beta blocker (93%).
Table 4. Baseline Characteristics of FIX-HF-5 Subjects
Variable

OMT group (n = 213)
Mean (SD) or n (%)
58.55 (12.23)
151 (70.9%)

CCM group (n = 215)
Mean (SD) or n (%)
58.09 (12.79)
158 (73.5%)

142 (66.7%)
45 (21.1%)
26 (12.2%)
93.30 (22.16)

154 (71.6%)
36 (16.7%)
25 (11.7%)
91.17 (23.27)

.50263

30.95 (6.53)

30.44 (7.04)

.21791

73.98 (13.13)
116.65 (19.48)

.96811
.86951

142 (66.7%)
48 (22.5%)
23 (10.8%)

139 (64.7%)
58 (27.0%)
18 (8.3%)

.64653

NYHA
Class I
Class II
Class III
Class IV

0 (0%)
1 (0.47%)
183 (85.92%)
29 (13.62%)

0 (0%)
0 (0%)
196 (91.16%)
19 (8.84%)

.17203

Prior MI
Prior CABG
Prior PCI
Diabetes
QRS duration (ms)

126 (59.15%)
86 (40.38%)
83 (38.97%)
102 (47.89%)
101.51 (12.81)

125 (58.14%)
82 (38.14%)
86 (40%)
91 (42.33%)
101.63 (15.30)

.84492
.69232
.84372
.28532
.59684

Age (y)
Male
Ethnicity
White
Black
Other
Weight (kg)
BMI (kg/m2)
Resting HR (beat/min)
SBP (mm Hg)
CHF Etiology
Ischemic
Idiopathic
Other

PVCs/24 h (Holter)
LVEF (%)
LVEDD (mm)
MLWHFQ
6MW (m)
CPX (core laboratory)
Duration (min)
Peak SBP (mm Hg)
Peak HR (beat/min)
Peak RER
pVO2 (mL kg−1 min−1)
VAT (mL kg−1 min−1)

73.74 (12.19)
115.61 (17.61)

1365 (2001) 457 (1499)5ǁ
26.09 (6.54)
63.01 (8.56)
57.38 (22.62)
323.99 (92.44)
11.50 (3.46)
138.8 (24.6)
121.2 (20.5)
1.13 (0.09)
14.71 (2.92)
10.97 (2.18)

1323 (1931) 339 (2136)5ǁ

P
.51091
.59012

.16321

.51132

25.74 (6.60)
62.41 (9.22)
60.49 (23.00)
326.38 (82.10)

.56411
.77151
.11091
.59711

11.34 (3.20)
139.7 (27.1)
122.1 (20.2)
1.14 (0.10)
14.74 (3.06)
10.95 (2.24)

.48141
.97141
.52231
.51891
.85751
.97194

HR: Heart rate; RER: Respiratory Exchange Ratio; OMT: Optimal Medical Therapy; CCM: Cardiac Contractility Modulation; BMI:
Body Mass Index; SBP: Systolic Blood Pressure; CHF: Chronic Heart Failure; NYHA: New York Heart Association Symptom Class; MI:
Myocardial Infarction; CABG: Coronary Artery Bypass Grafting; PCI: Percutaneous Coronary Intervention; PVC: Premature Ventricular
Contractions; LVEF: Left Ventricular Ejection Fraction; LVEDD: Left Ventricular End Diastolic Dimension; MLWHFQ: Minnesota
Living with Heart Failure Questionnaire; 6MW: 6-Minute Walk Test; CPX: Cardiopulmonary Stress Testing; VAT: Ventilator Anaerobic
Threshold.
1
Two-sided Wilcoxon rank sum test. 2 Two-sided Fisher exact test. 3 Two-sided Pearson χ2 test. 4 Two-sided unequal variance 2-sample t
test. 5 PVCs/24 h is nonnormally distributed; values provided are both mean (SD) and median (interquartile range).
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2. Primary Safety
The primary safety endpoint was a composite event rate of all-cause mortality and all-cause hospitalizations
through 50 weeks. The analysis was a non-inferiority test of the CCM group compared to the control group. The
non-inferiority margin was designated to be 12.5%. With alpha set to 0.05, the needed sample size was 198
subjects per arm. Assuming an attrition of 7%, 428 subjects were enrolled.
Safety Results: There were 7 deaths in the medical therapy arm (3.3%) and 10 (4.9%) in the CCM arm during the
50 weeks of follow up. All deaths were reviewed; none were attributed to the device or the implant procedure.
Serious adverse events requiring a hospitalization or invasive treatment were balanced between arms (see Table 5).
There were also system related complications which were mostly related to the leads and the generator pocket. The
most common complications were lead dislodgement and pocket erosion/infection. The overall lead complication
rate was 7% (see Table 6).
Table 5: Serious Adverse Events (SAE)
AE C ategory
General cardiopulmonary event
Arrhythmias
Worsening heart failure
ICD/pacemaker system related
Bleeding
Localized infection
Sepsis
Neurologic dysfunction
Thromboembolism (non-neurologic)
General medical
Total

Study Start Date (SSD) through 1 year
OMT (n = 212)
CCM (n = 210)
Events (Patients)
Events (Patients)
58 (46)
60 (42)
30 (25)
40 (29)
85 (50)
72 (50)
7 (6)
13 (11)
8 (8)
8 (6)
36 (29)
33 (27)
2 (2)
11 (10)
14 (12)
3 (3)
5 (5)
3 (3)
81 (54)
98 (63)
326 (115)
341 (129)

Table 6. Device Related Serious Adverse Events
OPTIMIZER system related
OPTIMIZER lead fracture
OPTIMIZER RV lead dislodgement
IPG problem/change
OPTIMIZER RA lead dislodgement
OPTIMIZER pocket dehiscence/erosion
OPTIMIZER pocket infection
OPTIMIZER pocket stimulation
Lead perforation
OPTIMIZER pocket bleeding
Sensation due to CCM
Extracardiac stimulation
Number of events (number of patients).
RV, Right ventricular; RA, right atrium; IPG, implanted pulse generator.
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Events (Patients)
30 (28)
3 (3)
6 (6)
2 (1)
6 (5)
3 (3)
2 (2)
2 (2)
2 (2)
1 (1)
2 (2)
1 (1)

3. Primary Effectiveness
The primary effectiveness endpoint was the difference in responder rates between the device and the control arms
as shown by the in the ventilatory anaerobic threshold (VAT) measured on cardiopulmonary stress testing (CPX).
A “responder” was defined as a subject who had at least a 20% increase in the VAT on CPX testing from baseline
to 24 weeks. VAT is the point during exercise where ventilation starts to increase at a faster rate than the oxygen
intake and lactate begins to accumulate. The comparison of responder rates was done using a 1-sided Fisher exact
test with an alpha of 0.025. Secondary endpoints included pVO2 and quality of life scores determined by the
MLWHFQ. Like the primary endpoint, a responder was defined as a 20% increase in pVO2 and a 10-point
reduction in the MLWHFQ score. Other endpoints included NYHA class and 6-minute walk testing. In addition to
the responder rate analysis, treatment effect was also assessed by comparing the mean change from baseline to 24
weeks in each of these parameters.
Effectiveness Results: The responder rates for VAT (increase of at least 20%) at 24 weeks were 17.6% in the CCM
group and 11.7% in the control group. This difference of 5.9% did not reach statistical significance (P=0.093). The
mean VAT decreased by 0.14 mL/kg/min in both arms at 24 weeks. The analysis was complicated by the large
number of missing data; the VAT results were frequently indeterminate due to disagreement between readers or
poor test quality. Almost 28% of VAT data were missing for the device arm and 26% were missing for the control
arm. See Figure 7.
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Figure 7: Efficacy result in the completed cases population at 24 weeks. OMT: Optimal Medical
Therapy group; CCM: group receiving CCM signals.
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The responder rates for pVO2 were 13.7% and 17.3% respectively for the medical therapy and the CCM arms with
a nominal P-Value of 0.23. However, when comparing mean baseline values to 24 weeks, the CCM arm had a
modest increase in pVO2 of about 0.25 and the control arm had a decrease of about 0.4 mL/kg/min for a difference
of 0.65 mL/kg/min with a nominal P-value of 0.024. To help put these changes into context, the MIRACLE study,
which was an early CRT randomized trial, looked at a slightly different heart failure population (LVEF <35%, and
mostly NYHA class III but with a wide QRS of at least 130 ms) and at 6 months, the CRT group had increased
their pVO2 by 1.1 and the control group had increased their pVO2 by 0.2 mL/kg/min. [8,9]. In addition, since
pVO2 is often used to assess prognosis and aid in the decision process to guide heart transplantation, the ability to
prevent deterioration of pVO2 is clinically important. Certainly, beyond that, a treatment that could improve a
pVO2 from the 12-14 range to >14 ml/kg/min (roughly increase by 15-20%) could possibly help a patient from
needing to undergo transplantation [10].
In terms of MLWHFQ, NYHA, and the 6-minute walk, both the control arm and the CCM arm saw an
improvement from baseline to 24 weeks but there was greater improvement in the CCM arm subjects (see table 7).
This was statistically significant for the MLWHFQ and NYHA metrics as shown in figure 7 above, which were
also significantly different by the responder analysis. Again, to try to put into context, in the MIRACLE trial, the
mean MLWHF score decreased by 18 points in CRT recipients and the control group decreased by 9 points.
Additionally, in MIRACLE, 68% of device patients had an improvement in NYHA versus 38% in the controls.
There was a difference in 6-minute walk, but this was not significant.. Although the primary endpoint was
determined by the CPX results at 24 weeks, CPX testing was also done at 50 weeks. The responder rates for VAT
at 50 weeks were 14.4% for the medical therapy arm and 23.7% for the CCM arm for a difference of 9.3% which
was greater than the difference observed at 24 weeks [9].

Table 7: Responders’ analyses for primary and secondary study endpoints at 24-weeks follow-up in the entire study cohort
Parameter

OMT group (n = 213)
n/N (%) LCL, UCL

CCM group (n = 215)
n/N (%) LCL, UCL

CCM-OMT
LCL, UCL (%)

P

VAT (mL kg−1 min−1)

18/154 (11.7)
7.1, 17.8

28/159 (17.6)
12.0, 24.4

5.9
−2.0, 13.9

.093

VAT (mL kg−1 min−1)
(ITT*)
pVO2 (mL kg−1 min−1)

28/213 (13.2%)
8.9, 18.4

38/215 (17.7%)
12.8, 23.4

4.5
−2.4, 11.5

.314

23/168 (13.7)
8.9, 19.8
77/184 (41.8)
34.6, 49.3
63/183 (34.4)
27.6, 41.8
51/173 (29.5)
22.8, 36.9

31/179 (17.3)
12.1, 23.7
110/196 (56.1)
48.9, 63.1
94/191 (49.2)
41.9, 56.5
65/190 (34.2)
27.5, 41.4

3.6
−4.1, 11.3
14.3
4.2, 24.1
14.8
4.8, 24.5
4.7
−4.9, 14.2

.233

MLWHFQ
NYHA class
6MW (m)

.0037
.0026
.197

All data are based on completed cases population except for VAT, for which both completed cases and intent-to-treat populations are included.
P- values by 1-sided Fisher exact test. LCL: Lower confidence limit; UCL: upper confidence limit; ITT: intention to treat.
* ITT population based on imputation of missing data.

Subgroup Analysis: A post hoc multivariate model of the continuous variables showed a significant interaction
between CCM treatment and both LVEF and NYHA class. CCM subjects with an EF >25% had a 12.2% greater
responder rate compared to the control subjects with EF >25%. Similarly, CCM subjects who were NYHA class III
had a 6.9% greater responder rate compared to NYHA class III controls. Therefore, a subgroup analysis just
looking at enrollees with NYHA class III symptoms and an LVEF >25% was performed. This comprised 48% of
the overall FIX-HF-5 population (97 controls and 109 CCM subjects). There was a difference of 0.64 mL/kg/min
in VAT that was statistically significant for the CCM arm when calculated using just the completed cases, and
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when calculated using the ITT population with imputations for missing data (nominal P=0.03 and nominal P=0.024
respectively). Similarly, there were significant improvements in mean pVO2, MLWHFQ, and NYHA from
baseline to 24 weeks. pVO2 increased by 1.31 mL/kg/min (P=0.001) from baseline.

FDA Comments: The FIX-HF-5 study did not demonstrate a statistically significant difference in the primary
effectiveness endpoint which was an improvement in VAT on CPX testing. However, it did meet its primary
safety endpoint and did not raise new safety concerns. A post-hoc subgroup analysis on the subjects with an
LVEF >25% and NYHA class III symptoms showed an improvement in VAT, as well as pVO2, NYHA class and
quality of life which generated the hypothesis for the FIX-HF-5C study (the Confirmatory study currently
under PMA review).
Next Steps: In January 2009, Impulse Dynamics met with the FDA to review the results of the FIX-HF-5 pivotal
clinical trial and concluded that additional clinical data would be required to support effectiveness in the subgroup
of interest. The FIX-HF-5B confirmatory study was designed to look at pVO2 in NYHA class III patients with
LVEF 25-45%. Enrollment was stopped after 17 patients when the firm introduced the OPTIMZER IVs in 2013.
The modified study protocol, the FIX-HF-5C study, was approved in April of 2014 and subsequent implants were
with the new device. Based on additional statistical analysis, the study was also expanded to include NYHA IV.

V.

FIX-HF-5C

A. Rationale for the FIX-HF-5C Study
Although the FIX-HF-5 study did not meet its primary effectiveness endpoint, there was evidence that suggested
efficacy such as QOL score and a higher pVO2 compared to controls. Given that the advanced heart failure
population with narrow QRS does not have other therapeutic options, it was agreed that further investigation was
worthwhile. It was also hypothesized that perhaps CCM effects are not effective when the degree of LV dysfunction
is too severe. This could explain the more favorable findings in the subjects with a higher LVEF. Additionally, FIXHF-5 met its primary safety endpoint and the previous studies similarly did not raise a safety signal such as proarrhythmia, worsening heart failure, or increased all-cause mortality.
Objective: The goal of the FIX-HF-5C study was to confirm the subgroup analysis findings of the FIX-HF-5 study
that patients with an LVEF of 25-45% and NYHA class III/IV heart failure symptoms benefit from the delivery of
CCM therapy. The FIX-HF-5C study was a prospective, 1:1 randomized, controlled, multicenter trial where subjects
were randomized to standard of care or standard of care plus implantation of the OPTIMIZER device. Neither the
subjects or the study personnel were blinded since control subjects did not receive a device. Designated Core Labs
were blinded and interpreted the CPX and echo results.
Initially, the study planned to randomize 230 subjects. Due to the Breakthrough Device designation, the sponsor
argued for a reduction in sample size based on implementation of a Bayesian analysis. After discussions with FDA,
the planned sample size was adjusted to 160 subjects as the proposed Bayesian methodology was found to be
acceptable through multiple simulation scenarios.
CCM Therapy was delivered via the implanted 3-lead (1 RA and 2 RV leads) OPTIMIZER IVs system. Therapy
dosage was five (5) non-contiguous hours per day; with a one (1) hour ON and three (3) hours and 48 minutes OFF
cycle. CCM signals in this study consisted of two biphasic pulses of ~10 ms in duration (20 ms total) with amplitude
of ~7.5 V.
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Table 8: An Abbreviated list of the Inclusion and Exclusion Criteria for the FIX-HF-5C Study
Inclusion
Exclusion
 Subjects who are 18 years of age  Subjects whose baseline pVO2 is <9 or >20 ml O2/min/kg
or older
 Subjects who have a potentially correctible cause of heart failure, such as valvular
 Subject is male or non-pregnant
heart disease or congenital heart disease.
female
 Subjects who have clinically significant angina pectoris, consisting of angina
 Subjects have baseline ejection
during daily life, an episode of unstable angina within 30 days before enrollment,
fraction >= 25% and <= 45% as
or angina and/or ECG changes during exercise testing performed during baseline
determined by the
evaluation.
echocardiography core laboratory  Subjects who have been hospitalized for heart failure which required the use of
inotropic support within 30 days before enrollment.
 Subjects who have been treated
for heart failure for at least 90
 Subjects who have a clinically significant amount of ambient ectopy, defined as
days (including beta blocker for
more than 8,900 PVCs per 24 hours on baseline Holter monitoring.
90 days)
 Subjects having a PR interval greater than 375 ms.
 Subjects who have NYHA
 Subjects who have chronic (permanent or persistent) atrial fibrillation or atrial
functional Class III or IV heart
flutter or those cardioverted within 30 days of enrollment.
failure
 Subjects whose exercise tolerance is limited by a condition other than heart failure
 Subjects who have been receiving
(e.g., angina, COPD, peripheral vascular disease, orthopedic or rheumatologic
appropriate, stable medical
conditions) or who are unable to perform baseline stress testing.
therapy during the 30 days prior
 Subjects who are scheduled for a CABG or a PTCA procedure, or who have
to enrollment (Stable is defined as
undergone a CABG procedure within 90 days or a PTCA procedure within 30 days
no more than a 100% increase or
of enrollment.
50% decrease in dose.)
 Subjects who have a biventricular pacing system, an accepted indication for such a
 Subjects have a pre-existing ICD
device, or a QRS width of 130ms or greater.
or pacemaker system, if one is
 Subjects who have had a myocardial infarction within 90 days of enrollment
clinically indicated
 Subjects who have mechanical tricuspid valve.
 Subjects who are willing to
 Subjects who have a prior heart transplant.
comply with the prescribed course  Subjects on dialysis.
of treatment and willing and able
 Subjects who are participating in another experimental protocol.
to return for all follow-up visits
 Subjects who are unable to provide informed consent.

FDA Comments: Subject inclusion and exclusion criteria for FIX-HF-5C are similar to the criteria for FIX-HF-5
except for the baseline EF (5C used 25-45% rather than <35%) and the pVO2 cutoff criteria (5C used 9-20 rather
than >9 mL/kg/min)
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Follow-Up Schedule
(relative to SSD§)

Table 9: Protocol Schedule for FIX-HF-5C
Screen

Baseline Implant

Test or Assessment
Informed Consent

X

1-Year Medical History/Interim History

X

NYHA Class (site clinician assessment)

Week 2
±2 day§

Long-term F-up Every 6
Months** (relative to SSD§)

+12
+24
US
US
EU OPT
±2
±2 OPTIMIZER Control
and
Weeks Wee
Group
Group Control

X

X

X

X

X

Medications

X

X

X

Physical Examination

X

X

X

X

12-Lead EKG*

X

24-hour Holter Monitor*

X

Echocardiogram*

X

MLWHFQ

X

X

X

Cardiopulmonary Stress Test

2X

2X

2X

6 Minute Walk Test

X

X

Pregnancy test

X

X

Eligibility determination

X

Randomization

X

OPTIMIZER System Implant

X

Chest X-ray (prior to hospital discharge)
OPTIMIZER Interrogation / Programming

X

AE, Hospitalizations, and Procedures (as needed)
OPTIMZER device-related SAEs after 24-weeks

X

X

X

X

X

X

X

X
X

X

X
X
X

Vital Status

X

X

§ Study Start Date (SSD): After completion and satisfying all entry criteria and prior to randomization, a date shall be scheduled for
OPTIMIZER System implantation. This date shall serve as the start date for all subjects regardless of randomization assignment, from which
all future follow- up visits are scheduled.
* 12-Lead EKG, 24-Hour Holter Monitor, and Echocardiogram test results (from the study-qualified lab) obtained within 30 days before
informed consent and performed in accordance with the protocol, testing, and data collection requirements may be used for eligibility
determination.
** US OPTIMIZER subjects are followed every 6 months (+/- 4 weeks) after the 24-week interval for device interrogation and reporting
of OPTIMIZER Device related SAEs, if any. All other subjects are followed for vital status only, for 2 years following their SSD.

B. FIX-HF-5C Results
1. Demographics and Enrollment
The baseline demographics of the device and control arms were well matched in terms of age, QRS duration,
LVEF and baseline pVO2. The majority were NYHA class III and about two-thirds had ischemic cardiomyopathy.
About 96% of enrollees were on a beta blocker and about 83% were on an ACE-I or ARB. See Tables IIa, IIb, and
IIc in Appendix II.
2. Primary Safety Endpoint
The primary safety endpoint was the percentage of subjects in the OPTIMIZER group who experienced either an
OPTIMIZER device or OPTIMIZER procedure related complication through the 24-week follow-up period. Events
were adjudicated by an independent events adjudication committee. The complication-free proportion of the
population should be significantly higher than 70% (using a one-sided significance level of 0.025).
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Primary Safety Results: The complication free proportion was 89.7% (61/68) with a lower confidence limit of
79.9% (one-sided alpha=0.025).
There were 7 serious AEs that counted toward the primary safety endpoint; There were 6 serious procedure related
complications (5 lead dislodgements and 1 DVT) and 1 serious device related complication (generator reposition
with lead replacement).
3. Secondary Safety Endpoints
There were five secondary safety endpoints analyzed through the 24-week study period; overall survival, cardiac
death, freedom from all-cause mortality or all-cause hospitalization, freedom from cardiac death and worsening
heart failure hospitalization and adjudicated serious adverse events by treatment group.
Secondary Safety Results: The survival analyses and freedom from event analysis were based on Kaplan-Meier
analysis and the adverse events are presented by seriousness and treatment group with testing by Fisher's exact test.
Table 10: Survival Analyses
Secondary Safety Endpoints through 24 weeks

Control

Treated

Overall Survival

95%

98%

Survival Free of Cardiac Death

96%

100%

Freedom from all-cause mortality or all-cause
hospitalization

78%

78%

Freedom from cardiac death or worsening heart
failure hospitalization

89.2%

97.1%

Summary of Deaths in FIX-HF-5C: There were two deaths in the device group; there was 1 subject that died of
sudden death prior to implant and there was an OPTIMIZER patient that died of sepsis and respiratory failure after
an abdominal surgery. There were four deaths in the control group. The events committee reviewed all deaths, and
none were found to be device or procedure related.
FDA Comments: The primary safety endpoint was met. The majority of complications were procedure related
and involved a lead dislodgement. There does not appear to be an increased risk of HF hospitalization or allcause mortality due to the OPTIMIZER device.
4. Effectiveness Endpoint
The primary effectiveness endpoint was the mean difference in pVO2 between the device and the control arms at
24 weeks. pVO2 testing was done at baseline, 12 weeks, and 24 weeks. The pre-specified statistical plan was to use
a Bayesian repeated measures model and borrow data from the LVEF 25-45% and NYHA class III-IV symptoms
subgroup in the FIX-HF-5 study as data for this subgroup in FIX-HF-5 and FIX-HF-5C were thought to be
exchangeable. The use of 30% weighting rescaled the variance by a factor of 1/0.3 in the normal likelihood
function fitting to FIX-HF-5C. The 30% borrowing figure was arrived at after multiple simulations demonstrated
that this percentage supplied acceptable results in multiple realistic clinical trial scenarios. The Bayesian posterior
probability would need to be > 0.975 to be considered a positive result with statistical significance.
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(a) pVO2 Results with CPX testing: There were 160 patients who were randomized and underwent pVO2 testing in
FIX-HF-5C. In addition, there were 229 subjects (117 OPTIMIZER and 112 control) whose data were borrowed
from FIX-HF-5. Imputation was performed so that if a subject died prior to completing the 24-week pVO2 testing,
a zero was imputed for that test. There were 2 deaths in the device arm and 4 deaths in the control arm in FIX-HF5C. There were no pVO2 tests missed due to a heart failure hospitalization. With 30% borrowing from the
subgroup in the FIX-HF-5 study, and imputation of zeroes for the six deaths, the pVO2 results were 14.21 for the
control arm and 15.04 ml/kg/min for the device arm. Both groups decreased from 15.4. The study design
constrained both arms to be equal at baseline. The difference between the mean pVO2 results in the control and
device groups at 24 weeks was 0.836 ml/kg/min with a posterior probability of 0.989 which exceeded the 0.975
criteria for statistical significance.
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Different sensitivity analyses were done to assess the impact of the missing data and different strategies utilized.
One analysis imputed the lowest pVO2 at any prior visit in place of missing VO2 data. Another used no imputation
and only analyzed those with complete cases. Both analyses resulted in a posterior probability >0.975.
When looking at the difference in the mean pVO2 at 24 weeks in just the FIX-HF-5C study, without borrowing
from FIX-HF-5 and with imputation of zeroes for the six deaths, the control arm pVO2 decreased from 15.36 to
14.34 and the OPTIMIZER arm decreased from 15.49 to 15.03 O2 mL/kg/min. The model-based treatment
difference between the mean pVO2 at 24 weeks between the control and the device arms in the FIX-HF-5C was
0.793 (95% Confidence Interval: -0.099, 1.684; 1-sided nominal p-value=0.041). See Figure 10.
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When looking at the difference in the mean pVO2 at 24 weeks in just the FIX-HF-5C study, without borrowing
from FIX-HF-5 and with no imputation the mixed effects modeling estimate of the mean pVO2 difference was
0.471. The 24-week mean pVO2 values are 15.16 for the controls and 15.49 for the device subjects.
When looking at the difference in the mean pVO2 at 24 weeks in the prior FIX-HF-5 study, without borrowing and
without imputation, the control arm pVO2 mean decreased from 14.95 to 14.21 and the OPTIMIZER arm increased
from 14.60 to 14.99 ml/kg/min. The difference between the mean pVO2 at 24 weeks between the control and the
device arms in the FIX-HF-5 was 1.10. This is similar to the Bayesian estimate for FIX-HF-5 which was 1.08
mL/kg/min.
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Figure 10: Boxplots of pVO2 in FIX-HF-5C with Imputation. Note that the black circles at
pVO2 of zero represent the imputed values for death.

FDA Comments: The Bayesian primary effectiveness endpoint, when looking at data from FIX-HF-5C
combined with 30% borrowed data from FIX-HF-5 was statistically significant where the mean pVO2 at 24
weeks for controls was 14.2 and the mean pVO2 for the device group was 15.042 for a difference of 0.836
ml/kg/min. Additional sensitivity analyses also suggest a benefit for the OPTIMIZER system. The absolute
magnitude of improvement is unclear. The frequentist estimate in FIX-HF-5C alone without borrowing or
imputation has an estimated mean pVO2 difference of 0.47. Since this estimate for the FIX-HF-5C dataset alone
is far below the estimate in the subgroup of the FIX-HF-5 data, superiority conclusion appears to be driven by
the prior information. However, the FIX-HF-5C dataset was not designed to stand on its own.
(b) Sub-group Analysis of RER >1.05 Subjects- Pre-specified secondary endpoint:
When designing the FIX-HF-5C study, there was discussion between the sponsor and FDA regarding the use of the
Respiratory Exchange Ratio (RER) when evaluating the pVO2 results. RER represents fuel oxidation and is an
objective measure of subject effort. FDA believed that if the protocol required an RER above a certain cut point
(1.05), then it could help ensure that patient effort would not be responsible for different results from the baseline
CPX test to the subsequent 24-week CPX test. In general, a peak RER of 1.0 to 1.1 or greater has been considered
an indicator of patient maximal effort [11]. Therefore, a minimum required RER could help ensure that changes in
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a patient’s pVO2 results were not due to patient effort or motivation on the day of the CPX testing. However,
Impulse Dynamics was concerned that many patients would not be able to achieve an RER of 1.05 and had
concerns about not using data from these subjects. This was supported by a large Heart Failure study, HFACTION, where about 50% of subjects could not achieve a peak RER of 1.1 or greater and the pVO2 in these
individuals remained an important prognosticator [13]. In addition, HF-ACTION [14] conducted a sub-study where
398 subjects underwent two baseline pVO2 tests within 14 days of each other instead of only one baseline test to
assess the reproducibility of the pVO2 testing. About half of patients increased their pVO2 on the second test and
about half decreased their pVO2 on the second CPX test with intra-subject variability averaging 1.3 ml/kg/min over
the two tests. However, the mean pVO2 between the two tests was both 15.2 suggesting that intra-patient variation
from day to day due to hemodynamics and volume status at the time of the test may “balance out” between groups
and therefore the mean would be a good way to assess for change in pVO2 [12]. FDA and the sponsor agreed to
have the primary endpoint not include an RER minimum requirement and that a subgroup analysis only looking at
the subjects with RER >1.05 would be performed.
Of the 160 FIX-HF-5C subjects, there were 134 subjects Table 11: Patients N, Mean, and SD of pVO2 by Group and
with CPX testing at baseline and 24 weeks that had an
Time for RER ≥ 1.05 in FIX-HF-5C
RER ≥1.05. The control arm’s mean pVO2 slightly
N
Mean pVO2
decreased and the OPTIMIZER arm’s mean pVO2
Control
Active Control
Active
1 (Baseline)
83
71
slightly increased but the difference in the mean pVO2
2 (12 weeks)
68
64
15.24
15.67
(15.25 vs. 15.56) had a nominal p-value of 0.11. See
3 (24 weeks)
69
65
15.25
15.56
Table 12. When combined with the FIX-FH-5 dataset of
RER ≥1.05, the estimated mean difference in pVO2 was 0.62 ml/kg/min with a nominal p-value of 0.009.
FDA Comments: When looking at the subset of subjects who achieved an RER of ≥1.05 in the FIX-HF-5C
cohort, the OPTIMIZER group showed an 0.43 ml/kg/min increase compared to CONTROLS. In the combined
FIX-HF5C+FIX-HF-5 cohorts of subjects who achieved an RER ≥1.05 the between group difference is 0.62
ml/kg/min.
(c)Summary of pV02 Effectiveness Results.
The sensitivity of pVO2 to various conditions was assessed for the FIX-HF-5, FIX-HF-5C and FIX-HF-5C with
borrowing groups. Under nearly all scenarios, the HF-5C with borrowing from HF-5 meets the primary endpoint
with statistical significance (with a posterior probability greater than 0.975). This indicates that regardless of the
imputation method used for the deaths (using the lowest pVO2 or using a zero, or removing those subjects from the
analysis), the probability that the active treatment is superior to control is true is at least 0.975. The magnitude of
the pVO2 difference when compared to the controls does vary depending on the imputation method used. The
pVO2 estimated difference comparing the device group to controls at 24 weeks varies between 0.43 to 1.397
depending on the imputation method used and the cohort used (Bayesian FIX-HF5C+FIX-HF-5 or Frequentist
FIX-HF-5C+FIX-HF-5 or FIX-HF-5C only). See Table 12b.
It is important to reiterate that these mean changes in pVO2 do not indicate change from baseline but rather the
mean difference from the control group’s pVO2 at 24 weeks. In fact, the change in pVO2 from baseline to 24
weeks for the device arm either decreased slightly, stayed the same or increased by a maximum of 0.4 mL/kg/min
depending on the cohort and imputation method used. Therefore, the mean difference in the pVO2 between device
and control is also dependent on the change in, i.e. worsening of, pVO2 for the control group. See Table 12 a.
Although the results of the FIX-HF-5 study showed an increase in pVO2 by 0.4 mL/kg/min (from 14.6 to 14.99)
with CCM therapy, the Bayesian combined cohort of FIX-HF-5 and FIX-HF-5C modeling estimated the pVO2 to
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slightly decrease in the device group and worsened to a greater degree in the control group. Therefore, based upon
the combined Bayesian cohort of FIX-HF-5C+FIX-HF-5 it is not clear that pVO2 increases over time but rather
stays about the same while the control group worsens.
In general, halting progression of heart failure is clinically meaningful, however, it is unclear if this pVO2 result
translates into a clinical impact on outcomes such as heart failure hospitalizations or mortality. It does seem to
mirror the quality of life improvements such as MLWHFQ and NYHA seen in this study. It is important to
remember that, even though the control group did not receive a device, NYHA classification was assessed by a
blinded site clinician. The totality of the pVO2 data in FIX-HF-5 and FIX-HF-5C suggest that the pVO2 at 24
weeks with CCM therapy is superior to that of the control group although the pVO2 is not greatly changed from
baseline
Table 12a: Sensitivity Analysis of Absolute pVO2 Values with Respect to Imputation
Baseline
pVO2
Bayesian
FIX-HF-5C and FIX-HF-5

OPT 15.40* 
CNTL 15.40* 

24-week
pVO2
(with imputation)
OPT 15.04
CNTL 14.21

24-week
pVO2
(no imputation)

OPT 15.49 
OPT 15.03
CNTL 15.37 
CNTL 14.34
FIX-HF-5C Alone
OPT 15.49

OPT 15.49
CNTL 15.37

CNTL 15.16
*The baseline pVO2 was constrained to be 15.4 for both arms at baseline per the Bayesian modeling.
FIX-HF-5C Alone

Table 12b: Estimated Treatment Δ3 Effect Under Varying Model Condition
Study
HF-5C Alone

FIX-HF-5 Alone
Bayesian
HF-5C&HF-5

Imputation Model

Δ3

Pr(Δ3 > 0)

P-Value

CI (LL)

CI (UL)

SE

Death =0*
Death=Lowest pVO2

0.793
0.603

N/A
N/A

0.041
0.045

-0.099
-0.093

1.684
1.298

0.455
0.355

No Imputation (CC)

0.471

N/A

0.087

-0.207

1.149

0.346

Death=0*

1.074

N/A

<0.001

NP

NP

NP

No Imputation (CC)
Death=0*
Death=Lowest pVO2

1.08
0.836
0.693

N/A
0.989
0.988

<0.001
N/A
N/A

NP
0.123
0.095

NP
1.552
1.296

NP
0.364
0.307

No Imputation (CC)

0.603

0.978

N/A

0.015

1.195

0.301

0.43

N/A

0.1100

-0.25

1.11

0.35

Special No Imputation Cases**
HF-5C Alone
HF 5 Alone

RER>1.05
RER > 1.05

0.83

N/A

0.0170

0.06

1.61

0.39

HF-5C & HF-5

RER > 1.05

0.62

N/A

0.0090

0.11

1.14

0.26

HF-5C Alone

Per Protocol Population

0.448

N/A

0.100

-0.236

1.131

0.349

HF-5C & HF-5

Per Protocol Population

0.585

0.974

-0.004

1.170

0.299

HF-5C & HF-5

Frequentist Pooling of Data

1.000

N/A

<0.001

NP

NP

NP
th

The Bayesian analysis calculated the posterior probability of Pr(Δ3 > 0) and a 95% Bayesian Credible Interval based on the 2.5 and 97.5th
percentiles of the Bayesian posterior distribution of the treatment difference Δ3. The primary effectiveness endpoint is Pr(Δ3 > 0) > 0.975.
Simply stated: The posterior probability (Pr) that the mean difference in pVO2 (Δ3) between device and control groups is greater than zero
must exceed 0.975 to meet the primary effectiveness endpoint.
The Frequentist analysis calculated the probability (P-Value) that the null hypothesis Δ3 ≤ 0 is true and the 95% exact binomial confidence
intervals (CI). The primary effectiveness point is meet when the probability (P-Value) for the null hypothesis is p ≤ 0.05
Simply stated: The probability (P-Value) for the null hypothesis that the mean difference in pVO2 (Δ3) between device and control groups is
less or equal to zero must be < 0.05 to meet the primary effectiveness endpoint.
*: Death are imputed by zero mean pVO2 values. **: Imputation was not performed intentionally, however, the Per Protocol Population would
have required measurements at all specified timepoints (baseline, 12 weeks and 24 weeks). Note: The FIX-HF-5 Alone group is the subgroup
of FIX-HF-5 with similar inclusion criteria as the FIX-HF-5C group. N/A: Not Applicable; NP: Not Provided.
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The sensitivity of pV02 to various conditions was assessed (Table 12b) for the various groups, including FIX-HF-5,
FIX-HF-5C and Bayesian FIX-HF-5C & FIX-HF-5 (group with borrowing). Under nearly all scenarios, the
Bayesian Group (light green) meets the primary endpoint. Borrowing from FIX-HF-5 is necessary to meet the
primary endpoint. A sensitivity analysis shows that the borrowing weight for the Bayesian Group needed to be 11%
or greater to show superiority for the Death=0 imputation case. Borrowing for the other imputation cases would
need to be higher.
FDA Comments: The panel will be asked to comment on whether pVO2 that stays about the same from
baseline but is improved compared to the control group due to worsening in the control group is a
clinically meaningful result.
(d) Statistical Analysis of pVO2: The analysis of the primary effectiveness endpoint (pVO2 at 24 weeks from all
randomized subjects) was done using a Bayesian modeling approach where the sponsor borrowed a fixed 30%
information on distribution of treatment effect in the subgroup of the previous FIX-HF-5 trial that was limited to
the same inclusion criteria as the FIX-HF-5C trial group. The remaining effectiveness and safety endpoints were
analyzed with typical frequentist statistical methods.
Specifically, the analysis of the primary effectiveness endpoint first fitted a longitudinal repeated measures linear
mixed model to FIX-HF-5 subgroup data, then used the resulted estimates as priors with 30% borrowing of
information on prior variance in the fit of the same repeated measures mixed model to FIX-HF-5C data. With the
use of priors, the Bayesian analysis generated a posterior distribution for the estimated treatment effect. The
probability that treatment is superior to control was then obtained based on the posterior distribution of treatment
effect and compared to the 0.975 threshold for statistical significance of the primary effectiveness endpoint. Please
refer to Appendix I for more details on the Bayesian longitudinal modeling.
It should be noted that the fixed borrowing of 30% approach was based on clinical judgement on the relevance of
the subgroup finding and statistical consideration on the preservation of a Type I error less than 0.1 for hypothesis
testing. The simulation varied the amount of borrowing, the FIX-HF-5C treatment effect (a fraction of the FIXHF-5 effect) and the data covariance. Based on these simulations, it was found that borrowing at 30% would result
in an adequate power around 80% for a feasible sample size of 160 patients in the case of a 50% treatment effect
compared to 1.08 ml/kg/min (~0.5 O2 ml/kg/min) or higher. Up to 10% of missing data, assumed to be “missing at
random” (i.e., not informative about the missing treatment outcome), were considered in the simulations.
A longitudinal mixed effects model was proposed to analyze pVO2 without any imputation for missing data. With
the within-subject correlation modeled by a random subject intercept, the random effect model would provide an
unbiased estimate for treatment effect if the data are missing at random. However, there were a couple of situations
which the sponsor considered missing data on pVO2 could be informative about the treatment: missing due to
death or missing due to heart failure hospitalization. In study FIX-HF-5C, there were 6 patients that had missing
pVO2 values at 24 weeks due to death (2 in the treatment group, and 4 in the control group) and there were no
patients with missing pVO2 values at 24 weeks due to heart failure hospitalization. For the primary analysis of
pVO2, the sponsor imputed missing pVO2 values due to death with zeros. Additional analyses with missing pVO2
values imputed as the lowest observed value and with no imputation were performed as sensitivity analyses. Please
refer to Appendix I for more details on different imputation strategies used for dealing with missing pVO2 values
due to death.
The advantages and limitations of the Bayesian approach were recognized by the Agency. Bayesian statistics
augment and increase the precision of the information from a current trial by the incorporation of prior information.
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In addition, a Bayesian analysis calculates the posterior probability which gives a representation of the probability
that a hypothesis is true. In contrast, a frequentist analysis calculates a frequentist p-value, which is the probability
of data given the null hypothesis and not the probability about the actual hypothesis. The Bayesian approach would
be limited if the current and previous trials are not exchangeable to enable the current trial to borrow information
from previous trial, and if the model used to generate posterior distributions is not justified. The sponsor
understood the concept of exchangeability and attempted to design and executed FIX-HF-5C in a way similar
enough to FIX-HF-5 for trial exchangeability. The use of longitudinal mixed model with non-informative priors to
FIX-HF-5 subgroup data was agreed upon and followed in the analyses.
(e) Exercise Tolerance and Exercise Duration: pVO2 is a measure of exercise capacity, also called exercise
tolerance, which is the measurement of oxygen uptake, CO2 production, and minute ventilation. At some point
during exercise, the maximal oxygen uptake reaches a plateau despite increasing workload. This pVO2 has been
used as a prognostic test to help guide which patients may require heart transplantation. However, exercise duration
and exercise distance (6MHW) can also provide insight into the overall functional status of the patient.
In FIX-HF-5C, the exercise duration increased by 56 seconds (from approximately 11 to 12 minutes) in the
OPTIMIZER patients and by 18 seconds in the control group. Increasing exercise time while maintaining roughly
the same pVO2 is due to increased metabolic efficiency and this is often seen with repeat treadmill testing due to
habituation. Therefore, it was expected that both groups would increase exercise time and therefore increase exercise
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Figure 11: The exercise efficiency from baseline through 24 weeks for the
CCM and control groups. Both groups increased from baseline.
efficiency. See Figure 11. Exercise efficiency started out higher in the CCM group and both groups increased over
time with repeat testing.
In addition to increased exercise efficiency and exercise duration, there was also an increase in the 6MHW distance
in FIX-HF-5C where the OPTIMIZER group increased by about 43m and the controls increased by about 9m.
To put into clinical context, HF-ACTION [13,14] was a large HF trial that randomized 2331 patients to routine care
versus routine care with exercise training. For the patients undergoing 90 minutes exercise/weekly, from baseline to
3 months the median improvement in the 6MHW was 20m, the change in exercise time during CPX testing was 1.5
minutes, and the increase in pVO2 was 0.6 ml/kg/min. This was corroborated by an increase in the quality of life
questionnaire score (KCCQ). This is similar to the OPTIMIZER group in FIX HF-5C where 6MHW and exercise
duration increased from baseline.
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(f) Secondary Effectiveness Endpoints
(1) MLWHFQ-a pre-specified secondary endpoint: The Minnesota Living with Heart Failure Questionnaire
(MLWHFQ) was given to all subjects at baseline, 12 weeks and 24 weeks in the 5C study. This questionnaire was
administered by a research study coordinator with instructions on how to administer the questionnaire. The control
and device arms were compared to each other based on the change from baseline to 24 weeks. A linear mixed
model (non-Bayesian) was used and fitted onto the MLWHFQ endpoint.
The score decreased in both groups; it decreased approximately by 10 points in the control group and by 21 points
in the device group. See table 13. The score improvement by 24 weeks was significantly greater in the device arm
than it was for the control arm (P<0.001). The difference between the device and the control arms in the FIX-HF-5
study similarly showed a significant difference favoring the device arm. And when the HF-5 and the HF-5C
cohorts were combined, there was a significant difference favoring the device arm.
To provide context, the MIRACLE CRT study showed a decrease in the MLWHFQ of 18 points (-12 to -22) in
comparison to 21 for CCM.
Table 13: MLWHFQ
Nobs(observed)
1 (Baseline)
2 (12 wks)
3 (24 wks)

Control
86
80
76

Active
74
71
70

Nobs(missing)
Control
0
3
4

Mean

Active
0
1
2

Standard Deviation

Control
57.35

Active
56.42

Control
23.36

Active
22.95

49.71
47.47

38.34
35.26

24.72
25.65

23.55
24.63

(2) NYHA- a pre-specified secondary endpoint: The patient’s NYHA functional class was determined at baseline
and again at 24 weeks in the FIX-HF-5C study. This assessment was conducted by a blinded site clinician chosen
by the Principal Investigator. The hypothesis was that a greater proportion of device subjects would improve by at
least 1 NYHA class compared to the control subjects. Of the class III device patients, 80% improved by at least 1
NYHA class, and 20% remained the same. Of the class III control patients, 42% improved by at least 1 NYHA
class, 57% stayed the same, and 1% worsened. A stratified Cochran Mantel-Haenzel test was used to compute a pvalue and the result was P<0.001. See Table 14. This significant improvement in NYHA in the OPTIMIZER group
compared to the control was also seen in the FIX-HF-5 study and when the 5 and 5C datasets were combined. This
improvement was also seen regardless of cardiomyopathy i.e. ischemic versus non-ischemic.
Again, for context, the CRT arm had 68% improve by at least one NYHA class with 30% exhibiting no change.
Table 14: NYHA Baseline vs. 24 Weeks
Treatment
Baseline
Group
NHYA
1
Active
3
23 (38%)
4
3 (30%)
Control
3
12 (18%)
4
0 (0%)

NYHA at 24 Weeks
2
3
25 (42%)
12 (20%)
4 (40%)
2 (20%)
16 (24%)
39 (57%)
0 (0%)
4 (57%)

Total
4
0 (0%)
1 (10%)
1 (1%)
3 (43%)

60
10
68
7

FDA Comments: The quality of life scores, evidenced by improvement in the MLWHFQ and NYHA functional
classification, improved in the device arm from baseline to 24 weeks. These were statistically significant
(nominal p-values) improvements when compared to the control group. This is also corroborated by similar
results in the FIX-HF-5 study. However, both studies were unblinded; the control group did not receive a
device.
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5 Additional Exploratory Analyses
The following analyses did not have a pre-specified hypothesis test and alpha adjustment. In most cases the number
of patients or number of events was too small to present meaningful p-values or claim statistical significance. Pvalues are only provided for reference.
(a) Heart Failure Hospitalizations: Although heart failure hospitalization was not a pre-specified endpoint, it was
looked at retrospectively given its high clinical relevance. In the FIX-HF-5C study, there were 4 heart failure
hospitalizations (HFH) in 3 patients for the 72 treatment group subjects and 11 HFH in 8 patients for the 81 control
group subjects over the 24-week period. This calculates to be a 13.6% incidence for the control group and a 5.6%
incidence for the OPTIMIZER group.
The sponsor looked at HFH events for the year prior to enrollment and for the 24 weeks post enrollment for both
arms to calculate HFH event rates pre and post enrollment. See Table 15.
Table 15: Heart Failure Hospitalizations one-year pre and 24 weeks post enrollment
Type Group
HF

ACTIVE (n=72)
CONTROL (n=81)

Patient
Years
72.0
81.0

Pre-Study
Events
58
30

Post Study Start Date
Event Patient Events
Event
P-value
Rate Years
Rate
(2-sided)
0.81
31.8
4
0.13
0.0014
0.37

35.6

11

0.31

0.6155

For the OPTIMIZER (“active”) arm, the baseline event rate was 81% which was considerably higher than the
control baseline event rate of 37%. At 24 weeks, there was a reduction in the HFH event rate for the active arm
when compared to pre-implant rate while the control group rate stayed roughly the same from baseline to 24 weeks.
However, it is not clear why the event rate for the device group was so much higher than the control group at
baseline prior to enrollment. In addition, recent studies on HFH in patients with HFREF have shown a first HFH
event rate after enrollment in the 35% range [15,16]. The high baseline event rate of 81% for the active (device) arm
may be due to some of the subjects having multiple admissions for heart failure (there were 4 subjects with 4 HFHs
in the active arm where the control group did not have any subjects with >3 HFHs.
When assessing whether there was a reduction in HFH comparing the control and the devices groups over the course
of the trial, there were fewer HFH in the device group. See Table 16.
Table 16: Heart Failure Hospitalizations through 24 Weeks (FIX-HF-5C Cohort)
Treatment
Time
Number of
Total Number of Subjects
Proportion
Group
Subjects
with 1st HFH Event
Event Free
Device
0 weeks
68
0
1.0000
12 weeks
66
2
0.9706
24 weeks
50
2
0.9706
Control

0 weeks
12 weeks
24 weeks

84
76
43

0
5
7

1.0000
0.9398
0.9145

95% LCL

95% UCL

-0.8875
0.8875

-0.9926
0.9926

-0.8613
0.8289

-0.9745
0.9583

Another analysis the sponsor conducted looked at total days alive free of hospitalization for heart failure. For the
CCM group this indicator was167.7 days and for the control group 158.3 days; this reduction of 9.4 days had a
nominal P-value of 0.011.
FDA Comments: There was a reduction in HFH for the device group when comparing pre-implant to postimplant with the device. Of note, the pre-enrollment HF events were not adjudicated; only HF events during the
trial were adjudicated.
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(b) Subgroup analysis in the Ejection Fraction 35-45%: Although a subgroup analysis based on Ejection Fraction
(EF) was not pre-specified, this analysis was conducted to see if the benefit of CCM was greater in certain
subgroups. When comparing the FIX-HF-5C [EF 35-45%] group to the total FIX-HF-5C cohort, there were greater
improvements in the primary and secondary endpoints. Similarly, the combined FIX-HF-5 and FIX-HF-5C cohort
showed greater improvements for pVO2 and MLWHFQ in the [EF 35-45%] group. See Table 17.
Table 17: Results in EF ≥ 35% Group
Variable

FIX-HF-5C

FIX-HF-5C within EF ≥35%

pVO2
0.84
1.76
MLWHF
-11.4
-14.9
NYHA 1 class improvement*
60%
70%
6MW
24.6
57.1
*Values for NYHA represent effect in the respective treatment group, not accounting for difference from the respective control group.

Also, when comparing the low EF patients (25-35%) to the relatively higher EF patients (35-45%) in FIX-HF-5C,
and FIX-HF-5, the pooled treatment response appears to be driven by the >35% EF group with a mean pVO2
increase from baseline of 0.58 whereas the mean pVO2 stayed about the same for the <35% EF group (0.06
ml/kg/min) with a nominal P-value of 0.0043. See table 18.
Table 18: Unadjusted Mean Changes from Baseline in PVO2 Scores at 24 Weeks (complete case analysis)
EF < 35
Mean (SD) N
Med (Min, Max)

Study
FIX-HF-5C

OPTIMIZER
-0.07 (2.72) 40

PValue1

EF ≥ 35
Mean (SD) N
Med(Min,MaX)

Control
-0.14 (2.23) 44

0.4079

OPTIMIZER
0.04 (2.84) 26

PValue1

Control
-1.11 (2.49) 26

0.0279

FIX-HF-5

0.13 (-5.45, 5.9)
0.12 (2.76) 86

-0.03 (-4.6, 4.9)
-0.93 (2.49) 72

0.0086

0.33 (-7.3, 5.5)
1.65 (4.38) 13

-1.47 (-6.85, 4.15)
-1.29 (2.46) 17

0.0470

Pooled

-0.05 (-6.6, 8.1)
0.06 (2.74) 126

-1 (-6.4, 6)
-0.63 (2.41) 116

0.0232

0.4 (-3.7, 11.7)
0.58 (3.46) 39

-0.8 (-6.6, 2.3)
-1.18 (2.45) 43

0.0043

0 (-6.6, 8.1)

-0.8 (-6.4, 6)

0.35 (-7.3, 11.7)

-1.4 (-6.85, 4.15)

1

Two-sample Wilcoxon (one-sided) for difference between treatment groups

FDA Comment: FDA will be asking the panel if there is a difference in the benefit-risk ratio for patients with
EF <35% and those ≥35%.
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(c) Long Term Mortality Results
The sponsor established the CCM-REG which is a multicenter registry established to collect long term outcomes
data on patients who received CCM therapy in Europe as part of their physician directed care. The goal was to
follow these patients for 3 years and compare their mortality rates to that of the Seattle Heart Failure Model
(SHFM); a multivariate risk model to predict 1-, 2-, and 3-year survival in heart failure patients with the use of
easily obtainable characteristics relating to clinical status, therapy (pharmacological as well as devices), and
laboratory parameters [17]. Since the OPTIMIZER system has CE marking, there are some patients enrolled in the
Registry whose EF and other demographics fall outside of the FIX-HF-5C inclusion criteria, but a recent interim
analysis was conducted on just those who match the FIX-HF-5C inclusion and exclusion criteria, called CCMREG-5C. This analysis was comprised of 140 patients from 31 European sites. The 3-year survival was 82.8%
compared to the prediction from the SHFM which was 76.7%. This was a non-significant difference and did not
raise concern of an increase in mortality due to CCM therapy.
In addition to the FIX-HF-5 and the FIX-HF-5C studies, there are other longer-term studies that can provide
additional insight into the long-term effects of CCM therapy and its potential effect on all-cause mortality.
Unfortunately, most of these are smaller studies but still provide supporting evidence. These are listed in Table 19.
Table 19: Summary of OUS CCM Therapy Studies utilizing the OPTIMIZER System
TITLE

LOCATION
# of Patients
Center

DEVICE
VERSION

Pilot
FIX-HF-1, 2001
Chronic Feasibility
FIX-HF-2, 2001
Chronic Safety & Perfrm
FIX-HF-3, 2002

EU/24
Single
EU/6
Single
EU/22
Multi

External Line
powered
OPTIMIZER I

FIX-CHF-4 2002

DESIGN

ENDPOINTS

Cardiac Function

OPTIMIZER II
(Not rechargeable)

Single Arm
Acute
Single Arm
8-week feasibility
Single Arm
8 week Safety & func.

EU/164
Multi

OPTIMIZER II
OPTIMIZER III

Prospective, randomized,
cross-over, 6 months

LVEF, pVO2, MLWHFQ, Holter

HF from Systolic Dys.
FIX-HF-7, 2004

EU/40
Multi

OPTIMIZER III

Single Arm, 8 weeks

Safety: Changes in ambient ectopy

Lead Position Optim.
FIX-HF-9, 2005
Long Term Safety
HF from Systolic Dys.
FIX-HF-10, 2004

Hong Kong/40
Multi
EU/110
Multi

OPTIMIZER III
OPTIMIZER III

Randomized, double
blinded, 6 months
Single Arm, 1 year

Changes in dP/dtmax, MLWHFQ, exercise
tolerance, safety, and LV reverse remodeling.
NYHA, MLWHFQ

Feasibility CCM in
CRT non-responders
FIX-CHF-12, 2008

EU/17
Multi

OPTIMIZER III

Single Arm, 6 months

MLWHFQ, pVO2, exercise tolerance and
ejection fraction

Dosage 5 vs. 12 CCM
hours per day
FIX- CHF-13, 2008

EU/19
Multi

OPTIMIZER III

Double blinded, active
control study, 6 months

MLWHFQ and exercise tolerance

CCM-HF
FIX-HF-16, 2010
CCM 1 vs. 2 RV leads
FIX-CHF-18, 2009

EU/143
Multi
EU/50
Multi

OPTIMIZER III

6-12 month follow up

OPTIMIZER III
OPTIMIZER IVs

Randomized, blinded, 6
months

NYHA, MLWHFQ, LVEF, pVO2 and rate
of SAEs
MLWHFQ and pVO2

Echo, CPX 6 MW, Holter
NYHA, QoL, LVEF

One is a retrospective look at 68 patients with NYHA class II HF who were implanted at a single institution in
Germany. They assessed the survival outcomes and compared them to that of the Seattle Heart Failure Model
(SHFM). Mean follow up was 4.5 years but ranged from <1 year up to 10 years. The 5-year mortality rate for these
patients was 14.2% and the SHFM predicted a 27.7% mortality rate at 5 years. Another single center, small
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retrospective study from Germany looked at 81 patients over a mean follow up of 34 months and compared the
mortality rate to that of another mortality prediction model, the MAGGIC score [18]. The mortality rate at 3 years
was 29.5% and the MAGGIC risk score predicted 40% (P=NS). One of the larger studies with follow up looked at
106 subjects who were followed and completed the 24-month follow up. The 2-year mortality rate was 13.6% with
18 deaths (7 were cardiovascular). The study with possibly the longest follow up but small sample size looked
prospectively at 41 subjects who were followed for 6 years and the all-cause mortality was 39% which was lower
than a parallel HF registry. These individual studies are small and mostly retrospective. However, individually,
none of these studies showed a trend towards increased mortality, and collectively they appear to be consistently
showing no worsened mortality at least 2-5 years from implant.
The studies highlighted in green are of interest since patients from these studies contributed to retrospective longterm survival studies in independent publications by Kuschyk [18], Kloppe [19], Lui [20] and Mueller [21];
following a total of 333 patients between 2002 and 2015.
(d) Long Term Concerns Regarding the Use of Inotropic Therapy for Congestive Heart Failure
The use of long term inotropic drugs has traditionally been associated with increased arrhythmia, ischemia,
hypotension, increased hospitalizations, and increased mortality [22]. However, recent studies using current
therapies do not support these concerns [23]. The most often cited studies supporting this contention are more than
a decade old and frequently involve therapies no longer in use and predate the use of ICDs for arrhythmia control
[24].
(e) Other Ongoing US Studies
The Continued Access Study (FIX-HF-5CA) is a multicenter, prospective, single-arm study of the OPTIMIZER
SMART system delivering CCM therapy. The study may enroll up to 250 US subjects. Baseline testing includes
MLWHFQ, NYHA assessment, ECG, echocardiogram, and blood testing for Creatinine, Hgb, Lymphocyte %, Uric
Acid, Total Cholesterol and Sodium; parameters needed to use the Seattle Heart Failure Model (SHFM). Subjects
will be seen at approximately 6-month intervals at the investigational sites, which will include an OPTIMIZER
device interrogation and reporting of any OPTIMIZER device-related serious adverse events and deaths. The study
will assess the following:





MLWHF (at the 12-month visit only)
NYHA classification by the site clinician per their standard clinical practice.
Comparison of 1 and 3-year Mortality to predictions from the MAGGIC Prognostic HF Survival Model.
Comparison of 1 and 3-year Mortality to predictions from the Seattle heart failure model (SHFM) [17].

Finally, a small (60 patients) multicenter, prospective, single-arm, confirmatory study (FIX-HF-5C2) examining
the safety and performance of the two-lead (ventricular lead only) configuration of the OPTIMIZER SMART
system is in progress. The study is intended to demonstrate improvement in exercise tolerance quantified by pVO2
measured on cardiopulmonary exercise stress testing (CPX). The CPX data will be evaluated by an independent
core lab. Subjects who receive the OPTIMIZER SMART System under the FIX-HF-5C2 protocol will be
compared to subjects in the control group of the FIX-HF-5C protocol with respect to pV02 mean change at 24weeks from baseline. In addition, a comparison will be made between the OPTIMIZER per-protocol groups in both
protocols to show there is no difference between the therapy provided by the two device configurations (2 vs
traditional 3 lead). Total CCM delivery (effective hours delivered) will be evaluated at the end of 24 weeks
following the implantation. Safety endpoints include an OPTIMIZER device- or procedure-related complication
through the 24-week follow up period and all-cause mortality.
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VI.

Post Approval Study

A. Study Design
Currently, a registry is proposed to assess the system in the post market. The sponsor proposes to follow a minimum
of 300 patients for 2 years. They propose to collect the following data:
• Data collection variables and format will be similar to that of the approved LAAO and TAVR Registries
• Data collected will encompass the following categories:
 Demographics and History
 Baseline and Physical Assessments
 OPTIMIZER Implantation Details
 Acute (Procedural) Safety
 Chronic Safety (Mortality, Serious Device or Procedure Related Adverse Events)
 Prognostic data required for SHFM Score
 Follow-Up (every 12 months)

B. Statistical Analysis
1. All-cause mortality based on vital checks
2. 1 and 2-year mortality assessment as compared to the Seattle Heart Failure Model (SHFM) prognostic scoring
system
3. Kaplan-Meier survival
 examine the time-dependent proportion of patients surviving
 use method described in Kuschyk et al. [18] to compare the observed survival to that predicted for a
demographically and medically similar patient population using the SHFM mortality model [17]
 the observed Kaplan-Meier curve with its associated 95% confidence bands will be compared to survival
predicted from the prognostic model.
SHFM provides a continuous risk score for each patient that can be expressed as predicted life expectancy and
percentage chance of survival to a particular year via a simple one-step exponential transformation.
FDA Comments: The Panel will be asked to comment on the proposed Post Approval Study in terms of
appropriateness of chosen endpoint(s), sample size, and duration.

VII.

Conclusions

The clinical data was designed to evaluate the safety and effectiveness of the OPTIMIZER SMART System. Several
observations and events have been reported that should be considered when making an overall determination of a
reasonable assurance of safety and effectiveness of the device.
 The FIX-HF-5C study, with a priori Bayesian modeling for 30% borrowing from FIX-HF-5 met its primary
endpoint of mean pVO2 compared to controls. The observed treatment effect ranged from 0.585 to 0.836
ml/kg/min. The FIX-HF-5C study also met its secondary effectiveness endpoints assessing quality of life.
- The difference in mean pVO2 between controls and CCM subjects was statistically significant and met
the prespecified primary effectiveness endpoint.
- Quality of life as measured by the MLWHFQ improved more in the OPTIMIZER group compared to
the Control group
- A greater proportion of subjects showed improved NYHA Class from baseline to 24 weeks in the
OPTIMIZER group compared to Controls
 The FIX-HF-5C study met its prespecified safety endpoint which was a composite of procedure and device
related adverse events.
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The FIX-HF-5 study and longer-term registry results provide important supporting data for considering the overall
risk/benefit profile of the OPTIMIZER system. Specifically, acute and mid-term safety was favorable in the FIXHF-5 study and pVO2 results trended in a similar fashion to the FIX-HF-5C study in patients with ejection fraction
greater than 25%. The longer-term OPTIMIZER registry results do not show an obvious overt signal of harm for
either the rate of heart failure hospitalization or death. This is also true for most earlier studies of the OPTIMIZER
system.
The lack of other device options for this HF population combined with the demonstrated clinical results of the
OPTIMIZER system will need to be factored into the panel’s assessment of the breakthrough therapy designated
device.
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VIII. FDA Questions (DRAFT)
Panel Question 1: Effectiveness
a. The primary effectiveness endpoint of the FIX-HF-5C study, using a pre-specified Bayesian design with 30%
borrowing from the FIX-HF-5 study and an imputation method where deaths were imputed as zero, was the
difference in mean pVO2 between the OPTIMIZER group and the control group at 24 weeks. The study met
its primary effectiveness endpoint (posterior probability >0.975 that difference in peak V02 was greater than
zero).
A sensitivity analysis was also performed. See Table Q1. When using other imputation methods, the mean
difference in pVO2 still met statistical significance although the mean difference in pVO2 was smaller.
Table Q1: Sensitivity Analysis of Treatment Effect Δ3 with Respect to Imputation
Study

Imputation Method

Estimated mean
pVO2 difference

Posterior
Probability

Bayesian
FIX-HF-5C and FIX-HF-5

Death=0

0.836

0.989

Death=lowest pVO2
No imputation (deaths excluded)

0.693
0.603

0.988
0.978

FIX-HF-5C Alone

Death=0
Death=lowest pVO2
No imputation (deaths excluded)

0.799
0.611
0.480

0.960
0.957
0.916

FIX-HF-5 Alone

Death=0
No imputation (deaths excluded)

1.074
1.080

1.00
1.00

The estimated mean difference in pVO2 was somewhat driven by the larger decrease in pVO2 in the control
group. The imputation method used also affected the extent of the decrease in pVO2 from baseline in both
groups.
Table Q2: Sensitivity Analysis of Absolute pVO2 Values with Respect to Imputation
Baseline
24-week
24-week
pVO2
pVO2
pVO2
(with imputation)
(no imputation)
Bayesian
OPT 15.40* 
OPT 15.04
FIX-HF-5C and FIX-HF-5
CNTL 15.40* 
CNTL 14.21
OPT 15.49 
OPT 15.03
CNTL 15.37 
CNTL 14.34
FIX-HF-5C Alone
OPT 15.49

OPT 15.49
CNTL 15.37

CNTL 15.16
*The baseline pVO2 was constrained to be 15.4 for both arms at baseline per the Bayesian modeling.
FIX-HF-5C Alone

Please comment on the clinical utility of the observed primary effectiveness results?
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Key secondary endpoints in the FIX-HF-5C cohort included MLWHQ and NYHA class. In addition, 6MHW
was completed to assess exercise duration. MLWHFQ, NYHA, and exercise duration all improved more in the
OPTIMIZER group.

MLWHFQ
NYHA
Class
6 MHW

OPTIMIZER
Baseline
56.42

Control
Baseline
57.35

3 (86%)
4 (14%)

3 (91%)
4 (9%)

322.34 m

324.31 m

OPTIMIZER
24 weeks
35.26
1
38%
30%

2
42%
40%

3
20%
20%

351.73 m

Control
24 weeks
47.47
4
0%
10%

1
18%
0%

2
24%
0%

3
57%
57%

4
1%
3%

332.96 m

Please comment on the value of these supporting data.
b.

When only looking at the pVO2 results in the subjects who achieved an RER >1.05 in FIX-HF-5C, the
estimated treatment difference in pVO2 was 0.43 with a nominal P value of 0.11. However, when combined
with the FIX-HF-5 dataset, the treatment difference for pVO2 was 0.62 with a nominal P-value of 0.009.
Therefore, the magnitude of the difference on pVO2 is smaller when limiting the data set to those with RER
>1.05.
Please comment on this pre-specified subgroup analysis.

c. Please comment on the clinical benefit of the OPTIMIZER system when taking pVO2 and key secondary
endpoint results into account?

Panel Question 2: Safety
a.

There were 7 serious adverse events in the OPTIMIZER arm in 74 subjects which counted toward the primary
safety endpoint. These included lead dislodgements, a lead extraction and device repositioning and pocket
revision. This had a point estimate of a complication free rate of 90.5% with a lower confidence bound of
81.5%. These procedural and device related complications are similar to those seen with pacemaker devices.
Please comment on the clinical significance of the safety results.

b.

The sponsor has provided longer-term data from multiple data sources on the rates of hospitalization and death
associated with the OPTIMIZER system. Although most individual reports have a small sample size (<200
subjects), and follow up tends to be < 5 years, there does not appear to be an obvious signal of increased risk
of all-cause hospitalizations, or all-cause mortality.
Please comment on the longer-term heart failure hospitalization and mortality data.

Panel Question 3: Indications for Use
The sponsor has proposed the following Indications for Use statement (IFU):
Indications for Use: The OPTIMIZER System, which delivers CCM therapy, is indicated for the treatment of
NYHA Class III or ambulatory NYHA Class IV heart failure patients who remain symptomatic despite guideline
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directed medical therapy, are in normal sinus rhythm with LVEF ranging from 25% to 45% and are not indicated for
CRT to improve exercise tolerance, quality of life, and functional status.
Please comment on the following:
a)

The subgroup with the LVEF 35-45% appeared to derive more benefit in terms of pVO2, QOL, NYHA
and 6MHW testing compared to the FIX-HF 5C cohort as a whole. In addition, patients with an LVEF
>35% do not qualify for an ICD based on primary prevention criteria obviating the need for an
additional 1 or 2 intra-cardiac transvenous leads in addition to the 3 leads with the OPTIMIZER
device. Please comment on the proposed EF range in the IFU of 25-45%.

b)

The pVO2 stayed consistent in the OPTIMIZER arm of the FIX-HF-5C study; however, the exercise
duration and exercise workload did increase from baseline to 24 weeks. Please comment on the IFU’s
statement that the device improves exercise tolerance.

Panel Question 4: Benefit & Risk
Given the totality of the evidence regarding effectiveness, and the safety profile of the device, please comment on
the benefit-risk profile of this device.

Panel Question 5: Post-Approval Study
Note: Discussion regarding a potential Post-Approval Study (PAS) should not be interpreted to mean that FDA has
made a decision, or is making a recommendation on the approvability of this PMA device. The presence of a postapproval study proposal or commitment does not in any way alter the requirements for premarket approval and a
recommendation from the Panel on whether the risks outweigh the benefits. The premarket data must reach the
threshold for providing reasonable assurance of safety and effectiveness before the device can be found approvable
and any post-approval study could be considered. The consideration of the following question is predicated upon
FDA finding the device approvable based upon the clinical premarket data.
The sponsor proposes a PAS for patients in the U.S. implanted with the OPTIMIZER system with a minimum
number of patients at 300 and the minimum follow up at 2 years. They plan to collect data on procedural and device
related complications as well as data needed to compare mortality to the Seattle HF Model (a calculation to project
survival based on baseline factors such as sex, age, weight, NYHA class, LVEF, and BP).
a)
b)
c)
d)

Please comment on the proposed PAS and whether the number of subjects and follow up duration are
adequate.
Please comment on if it is reasonable to collect survival and whether comparing to the SHFM calculation is an
appropriate tool to use as a benchmark.
Please comment on whether HFH specifically should be collected as part of the PAS.
Please discuss any specific endpoints of interest based on the premarket data available.
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VIII. Appendix I: Supplemental Information to Statistical Analysis of pVO2
This appendix provides some further details to the statistical analysis of pVO2 with respect to the strategies used in
dealing with missing pVO2 values due to patient death and the Bayesian longitudinal modeling specifics.
There were 6 death-related cases of missing pVO2 values at 24 weeks for both studies FIX-HF-5 and FIX-HF-5C
(FIX-5: 5 in the treatment group, 1 in the control group; FIX-5C: 2 in the treatment group, 4 in the control group).
The following table describes the different strategies used by sponsor in handling of missing pVO2 due to death.
Zero value imputation

Missing pVO2 values due to patient death were imputed as zeros. This was the
strategy used by sponsor for the primary analysis of pVO2. Zero-imputed pVO2
values were outliers in the distribution of pVO2 because they were far below
observed post-baseline pVO2 values. Thus, mean pVO2 was reduced with zero-value
imputation for deaths. Study FIX-HF-5 had more deaths in the treatment group than
in the control group, the reduction in mean pVO2 by the imputation was greater in
the treatment group, making the group difference in mean pVO2 smaller with
imputation than without. As an opposite, study FIX-HF-5C had more deaths in the
control group than in the treatment group, the group difference in mean pVO2 was
greater with imputation than without.

Lowest value imputation

Missing pVO2 values due to patient death were imputed with the observed lowest
pVO2 value at any visit. The lowest pVO2 value observed in study FIX-HF-5C was
8.30 ml/kg/min, which was not an outlier to the distribution of pVO2. This
imputation was not as extreme as the zero-value imputation.

No imputation

Missing pVO2 values due to patient death were not imputed. Any patients who did
not have post-baseline pVO2 data were excluded from analyses.

In the protocol-specified primary analysis for pVO2, a Bayesian linear mixed model with weighting on prior
information was used. A Bayesian analysis incorporates information from sources outside of a current study as the
prior information is to update the knowledge about unknown parameters. In the confirmatory study FIX-HF-5C, the
primary parameter of interest was the between group difference in pVO2 at 24 weeks (the treatment effect at visit 3).
The model used to estimate the treatment effect was a linear mixed regression model given by:
∆

;

~

0,

;

~

0,

;

was the outcome value for patient i at time t, t=1,2,3 for baseline, 12 weeks, and 24 weeks, respectively;
where
was the control mean at time t; ∆ was the treatment effect (mean group difference) at time t; was an indicator
that equals 1 if patient i was in the active treatment group and 0 if the control group; was the residual error; was
a random subject intercept; and constraint ∆ = 0 assumed no treatment differences at baseline. This linear mixed
model produced an estimate for mean group difference at the 24-week visit, adjusting for baseline and 12-week
pVO2 values. The model was first fitted to FIX-HF-5 subgroup data using non-informative priors on modeling
parameters. The identical model was then fitted to the FIX-HF-5C study, with the prior distribution for treatment
effect updated to be ∆ ~
̂ , / where ̂ and were the estimated FIX-HF-5 posterior mean and posterior
variance of the treatment effect, and w was the weighting factor that controlled the amount of borrowing from FIXHF-5. The resulted treatment effect estimates from FIX-HF-5 were: 0.232 at 12 weeks, and 1.080 at 24 weeks. The
weight used for the Bayesian analysis of pVO2 was 0.30, which represented 30% of information borrowing.
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IX.

Appendix II: Detailed Demographics Information
Table IIa: Baseline Demographics – Continuous Variables
Variable

Age (yrs)
QRS Duration (ms)

LVEF (%) (Core Lab)

OPTIMIZER
Mean (SD) N
Med (Min, Max)
63.09 (10.89) 74

62.79 (11.38) 86

63.6 (38.0, 86.8)

62.4 (30.7, 89.2)

102.50 (12.58) 74

103.62 (12.10) 86

100 (76, 128)

104 (80, 129)

668 (0, 7370)

277.5 (0, 8514)

33.08 (5.55) 74

32.55 (5.18) 86

32 (25, 45)
LVEDD (mm) (Core Lab)

58.47 (7.17) 74
59 (40, 75)

MLWHFQ

56.42 (22.95) 74
60.5 (1, 96)

6MW (meters)

Control Mean
(SD) N
Med (Min, Max)

316.85 (88.37) 74

P-value

1
0.7109
1
0.5867

1
0.5747

32 (25, 45)
60.20 (7.01) 82
59 (44, 77)
57.35 (23.36) 86
60 (5, 99)
324.07 (89.71) 86

308 (75, 462)

315 (120, 579)

15.49 (2.61) 733

15.36 (2.82) 86

15.70 (9.75, 19.70)

15.85 (9.10, 19.90)

1.15 (0.064) 733

1.14 (0.074) 86

1.140 (1.015, 1315)

1.125 (0.975, 1.480)

11.38 (3.08) 733

10.58 (3.09) 86

11.800 (3.208, 18.500)

11.163 (3.133, 18.033)

99.60 (20.72) 74

100.33 (23.32) 86

98.0 (52.7, 167.8)

96.8 (49.0, 155.1)

174.77 (9.58) 74

174.40 (8.97) 86

175.0 (150.0 208.0)

175.0 (142.0, 201.0)

BMI (kg/m2)

32.49 (5.63) 74

32.90 (6.90) 86

32.0 (20.6, 46.6)

32.2 (19.1, 50.0)

Resting HR (bpm)

74.42 (11.35) 74

76.45 (14.84) 86

73.0 (54.0, 112.0)

76.5 (45.0, 137.0)

SBP (mmHg)

122.66 (17.66) 74

126.04 (18.83) 86

124 (88, 165)

122.(91, 196)

DBP (mmHg)

74.42 (11.35) 74

76.45 (14.84) 86

72.5 (54.0, 112.0)

76.5 (45.0, 137.0)

1
0.1984
1
0.7365
1
0.8724

CPX (Core Lab)
PVO2 (ml/kg/min)
Peak RER
Exercise Time (minutes)

0.80111
0.44691
0.12861

Physical Exam
Weight (kg)
Height (cm)
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0.84421
0.90191
0.77281
0.32812
0.48701
0.74271

Table IIb: Baseline Demographics and Medical History Categorical Variables
Variable

OPTIMIZER
n/N (%)

Control n/N (%)

P-value

54/74 (73.0)

68/86 (79.1)

0.45651

55/74 (74.3)
14/74 (18.9)
0/74 (0.0)
1/74 (1.4)
4/74 (5.4)

61/86 (70.9)
15/86 (17.4)
1/86 (1.2)
2/86 (2.3)
7/86 (8.1)

0.92442

46/74 (62.2)
22/74 (29.7)
6/74 (8.1)

51/86 (59.3)
29/86 (33.7)
6/86 (7.0)

0.84972

Prior MI
Prior CABG
Prior PTCA
ICD/PM System
Angina
Diabetes
History of Atrial Arrhythmias
Atrial Flutter
Atrial Fibrillation
Frequent PACs
Other Atrial Abnormalities

36/74 (48.6)
18/74 (24.3)
36/74 (48.6)
65/74 (87.8)
5/74 (6.8)
38/74 (51.4)
25/74 (66.2)
8/74 (10.8)
20/74 (27.0)
3/74 (4.1)
2/74 (2.7)

51/86 (59.3)
23/86 (26.7)
43/86 (50.0)
73/86 (84.9)
6/86 (7.0)
42/86 (48.8)
35/86 (59.3)
6/86 (7.0)
27/86 (31.4)
1/86 (1.2)
3/86 (3.5)

0.20431
0.85611
0.87541
0.65021
1.00001
0.87411
0.41471
0.41541
0.60351
0.33651
1.00001

History of Ventricular Arrhythmias
Ventricle Fibrillation
Ventricular Tachycardia
Frequent PVCs

26/74 (35.1)
5/74 (6.8)
19/74 (25.7)
8/74 (10.8)

28/86 (32.6)
8/86 (9.3)
19/86 (22.1)
7/86 (8.1)

0.74061
0.77291
0.7098
0.59671

NYHA (site)
Class III
Class IV

64/74 (86.5)
10/74 (13.5)

78/86 (90.7)
8/86 (9.3)

0.45751

Male
Ethnicity
White
Black
Hispanic
Native American
Other
CHF Etiology
Ischemic
Idiopathic
Other

1 Two-sided Fisher’s exact test. 2 Two-sided Fisher-Freeman-Halton test.

Table IIc: Medication

OPTIMIZER
n/N (%)

Control
n/N (%)

P-Value1

ACEi or ARB

61/74 (82.4)

72/86 (83.7)

0.8358

Angiotensin converting enzyme inhibitor (ACEi)
Angiotensin receptor blocker (ARB)

40/74 (54.1)
21/74 (28.4)

49/86 (57.0)
25/86 (29.1)

0.7511
1.0000

Beta Blocker

72/74 (97.3)

82/86 (95.3)

0.6870

Diuretic
Second Diuretic2

56/74 (75.7)
5/74 (6.8)

68/86 (79.1)
8/86 (9.3)

0.7049
0.7729

Ivabradine
Digoxin
Aldosterone Inhibitor
Hydralazine
Nitrates
Entresto

2/74 (2.7)
10/74 (13.5)
25/74 (33.8)
4/74 (5.4)
18/74 (24.3)
2/74 (2.7)

4/86 (4.7)
8/86 (9.3)
32/86 (37.2)
10/86 (11.6)
26/86 (30.2)
3/86 (3.5)

0.6870
0.4575
0.7410
0.2615
0.4786
1.0000

Calcium Channel Blocker

9/74 (12.2)

8/86 (9.3)

0.6132

Anti-arrhythmic

13/74 (17.6)

12/86 (14.0)

0.6630

Aspirin

54/74 (73.0)

59/86 (68.6)

0.6035

7/74 (9.5)

5/86 (5.8)

0.5490

15/74 (20.3)

25/86 (29.1)

0.2719

Coumadin
Clopidogrel
1Two-sided Fisher’s exact test.
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