SUMMARY OF SAFETY AND EFFECTIVENESS DATA
(SSED)
I.

GENERAL INFORMATION
Device Generic Name: Implantable Pulse Generator
Device Trade Name: OPTIMIZER SMART System (3-Lead Configuration)
Device Procode:
Applicant’s Name and Address: Impulse Dynamics (USA), Inc.
30 Ramland Rd, Suite 204
Orangeburg, NY 10962
Date(s) of Panel Recommendation:
Premarket Approval Application (PMA) Number:
Date of FDA Notice of Approval:
Breakthrough Device:
Granted breakthrough device status (formerly known as the Expedited Access
Pathway, or EAP) on July 31, 2015 because the device treats a life-threatening
disease (heart failure) and meets an unmet medical need.

II.

INDICATIONS FOR USE
Intended Use: The OPTIMIZER SMART system is intended to deliver cardiac
contractility modulation electrical signals to the myocardium of the heart.
Indications for Use:
The OPTIMIZER System, which delivers CCM therapy, is indicated for the treatment
of New York Heart Association (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 Left Ventricular Ejection Fraction (LVEF)
ranging from 25% to 45% and are not indicated for CRT to improve exercise tolerance,
quality of life, and functional status.

III.

CONTRAINDICATIONS
Contraindications to OPTIMIZER SMART (3-Lead Configuration) System
implant are:
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•
•
IV.

Atrial Fibrillation or Flutter
An inability to obtain right-sided venous access for delivery of leads

WARNINGS AND PRECAUTIONS
The Warnings and Precautions can be found in the IPG Instructions for Use, the
Programmer and Mini-Charger Instructions for Use and the Patient’s Manual.

V.

DEVICE DESCRIPTION
The OPTIMIZER SMART System is comprised of the following components:
OPTIMIZER SMART Implantable Pulse Generator (IPG)
OPTIMIZER Mini Charger
OMNI II Programmer with OMNI SMART Software
OPTIMIZER System Lead Extension Cable (Optional)
Pictures of the system components are provided below in Figure 1 through Figure 4.

Figure 1 – OPTIMIZER SMART IPG
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Figure 2 – OPTIMIZER Mini Charger
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Figure 3 – OMNI SMART Programmer

Figure 4 –OPTIMIZER System Lead Extension Cable (left) and IS-1 Bipolar
Lead Adapter for Extension Cable (right)
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Figure 5 – External features of the OPTIMIZER SMART IPG
As shown in Table 2, the OPTIMIZER SMART IPG is constructed using materials
and processes that have a long history of reliability in the Implantable Medical Devices
Industry. The individual materials, as well as the assemblies made with these materials
have been thoroughly tested for biocompatibility.
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Figure 6 – OPTIMIZER SMART IPG block diagram
When delivering CCM therapy, the Optimizer SMART IPG continuously monitors the
heart’s intrinsic activity and generates CCM signals in synchrony with the detected local
electrical activity, such that their delivery happens during the ventricular absolute
refractory period. To do so, the Optimizer SMART IPG incorporates one atrial and two
ventricular sense amplifiers that detect cardiac chamber activation from the intracardiac
electrograms (IEGMs) picked up by the leads. As shown in Figure 7, the IPG’s control
algorithm enables the delivery of CCM signals to the heart on a certain heartbeat only
when the appropriate atrio-ventricular and intraventricular activation sequence and
timing is detected between the three IEGM signals.
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3. Reliability
The reliability of the OPTIMIZER Mini IPG platform’s electronics hardware has been
demonstrated in clinical use with the OPTIMIZER IVs IPG. Since its first human
implant in Germany on February 5, 2013, approximately 1,141 OPTIMIZER IVs IPGs
have been implanted in patients. In addition, 22 OPTIMIZER Mini IPG qualification
assemblies have been exposed to accelerated aging burn-in (running the burn-in mode’s
heavy exercise of all electronics) for a total of 42 days at 100°C, which did not cause any
changes in the normal operational behavior of the devices under test. Almost 1,000
additional OPTIMIZER SMART IPGs have been implanted so far. Through April 19,
2018, 2,022 OPTIMIZER IVs and OPTIMIZER Smart IPGs have been implanted in
human subjects for an aggregate time of 1,815,076 days (counted from day of implant,
not from day of therapy activation). Weibull Analysis predicts a reliability of 99.88% for
a 15-year mission time for the IPG including electronic assembly.

B. OMNI II Programmer System
Programming of the OPTIMIZER SMART implantable pulse generator is done through
the OMNI II Programmer running the OMNI SMART Programmer Application
Software.
The OMNI II Programmer is a portable instrument with a graphical user-interface, which
provides attending medical personnel with all the information and controls required to
control the IPG under a diversity of clinical settings (Figure 9).
The OMNI II Programmer System variant that includes the OMNI SMART Programmer
Application Software is herein referred to as the “OMNI SMART Programmer System”
or simply “OMNI SMART”, which nevertheless remains under the OMNI II
Programmer System’s documentation tree (the OMNI II Programmer without the OMNI
SMART Programmer Application Software was used as part of the OPTIMIZER IVs
System).
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Figure 9 – The OMNI II Programmer consists of a battery-operated laptop
computer that runs the OMNI SMART Programmer Application Software
connected to an OMNI Programmer Interface and the OMNI Programmer
Wand.
The OMNI SMART Programmer Application Software shown in Figure 10 runs under
the Embedded Windows 7 Operating System. The installation of the software involves
replacing the laptop’s normal operating system with an embedded image, thus turning
the laptop into a dedicated computer that can be used only to run the IPG programming
software. It must be noted that the OMNI SMART Programmer also supports the OMNI
II Programmer Application Software (for the OPTIMIZER IVs IPG), the OMNI
Programmer Application Software (for the OPTIMIZER III IPG), and the OPTIMIZER
III Charger Setup Software.
In addition to facilitating a quick check of important parameters, the OMNI SMART
Programmer Application Software also allows the user to print out device related data
needed for informed patient management in one concise report which is expected to
simplify and abbreviate patient follow up.
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Figure 10– Sample screenshot of the OMNI SMART Programmer Application
Software in operation
C. OPTIMIZER Mini Charger
The battery of the OPTIMIZER SMART IPG is charged with the OPTIMIZER Mini
Charger, which is designed to control the charging process precisely so that correct
operation of the IPG and patient safety are ensured. The OPTIMIZER Mini Charger
is a charger powered by a rechargeable battery. The system includes a permanently
attached charging wand. The OPTIMIZER Mini Charger is supplied with an AC
Adapter (Cell Con Battery Charger; Input: 110–240VAC, 50-60Hz, 0.3A; Output:
8.4V, 1.3A) to recharge the internal battery. The charger is a Class I, Type BF device,
classified as ordinary equipment suitable for continuous operation, with short-time
loading, within the patient environment. The charger is designed to permit recharging
with only minimal patient interaction. The battery inside the OPTIMIZER Mini
Charger is expected to have a service life of 5 years. The OPTIMIZER Mini Charger
typically charges the IPG fully in 1-1.5 hours. Patients charge their device once
weekly.

VI.

ALTERNATIVE PRACTICES AND PROCEDURES
There are no other devices that deliver cardiac contractility modulation therapy. In
the population of moderate to severe heart failure patients, there is no comparable
therapy as provided by the OPTIMIZER SMART System. Cardiac resynchronization
therapy (CRT) has been shown to have similar outcomes but its mechanism of action
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is different and it targets a different subset of patients than CCM therapy. Moreover,
CRT is only effective in the subset of heart failure patients who have a prolonged QRS
duration or about 30% of affected population. The remaining 70% of heart failure
patients may benefit from CCM therapy.
VII.

MARKETING HISTORY
The first OPTIMIZER was launched and implanted in 2001, in Milan, Italy. The
OPTIMIZER SMART is commercially available in over 30 countries around the
globe, for example Germany, Russia, Hong Kong, Poland, and Italy. Primary sales
take place in European Union with Germany currently being the largest market.
In 2017, we sold more than 350 devices, with a majority being sold in Germany.
Whilst we have a direct sales force in Germany, Sweden, Norway, Denmark, Hong
Kong, UK. Ireland, the BENELUX countries, Poland and Finland, we have a mixed
commercial model with direct and distributor agents working hand in hand in Italy and
Spain. In all other countries we do business via distributors.

VIII. PROBABLE ADVERSE EFFECTS OF THE DEVICE ON HEALTH
The results of bench testing, from preclinical studies using prototype devices in
animals and from preliminary clinical studies suggest that acute applications of CCM
signals present no undue risk to subjects. However, there are recognized risks
associated with the heart failure state itself, with interventional cardiovascular
procedures in heart failure patients and potentially with the use of the OPTIMIZER
system.
1. Risks of implantation of the OPTIMIZER SMART pulse generator
The risks associated with implantation of the OPTIMIZER SMART pulse generator
are similar to those of implanting a permanent pacemaker, which are well
characterized and include (but are not limited to) infection, bleeding, pneumothorax,
myocardial perforation by the leads and pain at the incision site.
2. Arrhythmias and/or palpitations associated with CCM signal application
Arrhythmias may occur as a result of CCM signal application. Arrhythmias may
include bradyarrhythmias or tachyarrhythmias as well as ventricular arrhythmias or
supraventricular arrhythmias and may be associated with palpitations. These may
include sinus bradycardia, complete heart block, junctional rhythm, asystole, sinus
tachycardia, atrial fibrillation, atrial flutter, paroxysmal atrial tachycardia, multifocal
atrial tachycardia, premature atrial contractions, premature ventricular contractions,
nonsustained or sustained ventricular tachycardia, ventricular fibrillation,
electromechanical dissociation, or cardiac arrest. Palpitations are commonly reported
in patients with heart failure and may or may not be associated with arrhythmias.
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Safety algorithms intended to minimize the incidence of arrhythmias have been
incorporated into the OPTIMIZER SMART System.
3. Myocardial damage
Tissue damage may occur at the points where the leads are inserted into the heart
muscle. The histologic results of laboratory animal testing have indicated that
application of CCM signals through the leads does not induce any clinically significant
amount of myocardial damage.
4. Infection
The implantable components of the OPTIMIZER SMART System are supplied
sterile. The risk of post-implantation infection is minimized by appropriate
implantation techniques and care of the wound sites. Infectious complications may
include localized infections (infections of the device pocket, cellulitis, pneumonia, etc)
and sepsis.
5. Thromboembolic Events
Thrombosis or embolism may occur as a result of the placement of the leads for the
OPTIMIZER SMART System or as a result of the underlying disease. These events
may include deep vein thrombosis, renal vein thrombosis, pulmonary embolism,
transient ischemic attacks (TIA), stroke, and mesenteric thrombosis.
6. Right or Left Bundle Branch Block
Insertion of pacemaker leads on the right ventricular septum can occasionally cause
transient interruption of the specialized conduction system of the heart, which can lead
to bundle branch block.
7. Worsened heart failure
CCM signal application is intended to improve the strength of the heart beat and lessen
symptoms of heart failure. However, if signal application is ineffective, the subject
may experience the typical symptoms present prior to device implantation or may
experience the deterioration of symptoms that is characteristic of this disease,
including shortness of breath at rest or on exertion, fluid accumulation and pleural
effusion, cardiogenic shock, respiratory failure (possibly with the need for mechanical
ventilation) or may require alteration of medication doses.
8. Risk of Myocardial Perforation
There is a risk of right ventricular perforation with insertion of any pacemaker lead. If
this happened, it could result in fluid (including blood) accumulation around the heart
(as in a pericardial effusion) that could compromise ventricular function or even
cardiac tamponade. This risk can be minimized by using appropriate, standard
insertion techniques by experienced operators.
9. Vascular laceration and bleeding
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There is a risk of vascular laceration and bleeding as a result of the implant procedure.
This may include bleeding in the pulse generator pocket. This risk can be minimized
by using appropriate surgical technique.
10. Chest wall sensation, phrenic or device pocket stimulation
CCM signals may cause chest wall sensation or phrenic stimulation. When these have
occurred, they have generally been short–lived and have been resolved by reducing
CCM signal voltage. Occasionally an invasive procedure may be required to reposition
the leads.
11. Neurologic events
In addition to the risks discussed above, patients with heart failure are at risk of
transient ischemic attacks (TIA) and stroke.
12. Potential for OPTIMIZER – ICD/Pacemaker interactions
It is possible that the presence of CCM pulses could be sensed by an ICD which could
be interpreted as ventricular tachycardia by the ICD. In such a case, an inappropriate
ICD shock could be delivered. Similarly, if a pacemaker inappropriately sensed a
CCM pulse for a cardiac depolarization, the pacemaker could be inhibited from
delivering treatment during a bradycardia (such as a sinus bradycardia). Device
interaction testing has indicated that these do not occur when true bipolar ICD leads
are used and when both devices are programmed properly. To minimize this risk, all
personnel involved with programming the OPTIMIZER SMART device are
appropriately trained in proper device programming.
13. Surgical revision of the OPTIMIZER SMART System
There is a potential that any system component could malfunction, become damaged,
infected, or, in the case of the leads, become dislodged. System component
malfunction or other clinical circumstances (e.g., sepsis) may require noninvasive
corrective actions or possibly even a surgical revision (repositioning, replacement, or
removal) of the malfunctioning component(s).
14. General Medical
Patients with heart failure may experience adverse events related to their underlying
disease and such may be encountered during the course of the study. These may
include hypotension, dizziness, syncope, worsening renal function, worsening liver
failure, anemia, etc.
15. Death
Rarely, complications of an invasive procedure may result in death.
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The results of the FIX-HF-5C study demonstrated a statistically significant
improvement in peak VO2 in patients treated with CCM for 24 weeks in addition to
OMT in comparison to patients treated with OMT alone. Similarly, quality of life
(Minnesota Living with Heart Failure Questionnaire), functional class (NYHA) and
6-minute walk were all shown to be statistically significantly better in CCM-treated
patients.
The applicant performed the FIX-HF-5C study clinical study to establish a reasonable
assurance of safety and effectiveness of CCM with the OPTIMIZER SMART 3-Lead
configuration device for treatment of heart failure in the US under IDE # G030099.
Data from this clinical study were the basis for the PMA approval decision. A
summary of the clinical study is presented below.
A. Study Design
Patients were treated between 2014 and 2017. The FIX-HF-5C study received
IDE approval on April 30, 2014 utilizing the then current version of the
OPTIMIZER family of devices, the OPTIMIZER IVs System. The investigation
was initially limited to 40 sites and 230 subjects. The first patient was randomized
on July 28, 2014. Through subsequent discussions with FDA, the OPTIMIZER
system was granted expedited access pathway (EAP) designation on July 31,
2015. As a result, the final sample size for the FIX-HF-5C study was modified
to 160 subjects across 60 institutions; this was agreed upon with FDA on
November 14, 2016. Enrollment was completed in the study in February 2017.
24-week follow up for all subjects concluded in August 2017.
FIX-HF-5C was a prospective, randomized, third-party blinded (CPX core lab),
multicenter study. For the primary effectiveness endpoint, longitudinal data from
the prospective study was analyzed together with 30% fixed borrowing of data
from the 229 subjects with EF > 25% from the FIX- HF-5 Phase II study using a
Bayesian modeling approach. Subjects (n=160) were randomly assigned to one
of two treatment groups with an allocation ratio of 1:1. Block randomization by
site and etiology of heart failure (ischemic versus non-ischemic cardiomyopathy)
was used to ensure balanced enrollment between the two groups.
An Events Adjudication Committee (EAC) was established to review records of
adverse events, hospitalizations and deaths. This committee was composed of 3
independent cardiologists experienced in the adjudication process. The
committee provided definitions for protocol-specified hospitalizations which
included a hospital admission that resulted in a calendar date change or was
related to an adverse event that caused a prolongation of the index hospitalization
for device implantation. The committee also adjudicated the cardiac and heart
failure relatedness of deaths and hospitalizations.
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Table 11: Schedule of Events for the FIX-HF-5C study
Follow-Up Schedule

§

(relative to Study Start Date )

Long-term F-up Every 6 Months**
(relative to Study Start Date§)

Week 2
±2 days§

+12±2
Weeks

+24±2
Weeks

US
OPTIMIZER
Group

X

X

X

X

X

X

X

X

X

X

Physical Examination

X

X

X

12-Lead ECG*

X

24 hour Holter Monitor*

X

Echocardiogram*

X

MLWHFQ

X

X

X

Cardiopulmonary Stress Test

2X

2X

2X

Test or Assessment
Informed Consent
1-Year Medical
History/Interim History
NYHA Class (site clinician
assessment)
Medications

Screening
& Baseline

OPT
Implant

EU OPT
and
Control

X

X

X
X

6 Minute Walk Test

X

X

Pregnancy test

X

X

Eligibility determination

X

Randomization
OPTIMIZER System
Implant
Chest X-ray (prior to hospital
discharge)
OPTIMIZER Device
Interrogation / Programming
Adverse Events,
Hospitalizations, and
Procedures (as
needed)/OPTIMZER devicerelated SAEs after 24-weeks
Vital Status

X

§

US
Control
Group

X
X

X

X

X

X

X

X

X

X

X

X

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 ECG, 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
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3.0 Clinical Endpoints
With regards to safety, the primary safety endpoint was the incidence of complications
(device- or procedure-related serious adverse events that resulted in the need for
invasive medical treatment or results in permanent disability or death).
The success criterion for the safety endpoint was set such that the therapy would be
considered safe if greater than 70% of the implanted population was free of such a
complication. This criterion was agreed upon with FDA with approval of the final Data
Development Plan (DDP) on July 13, 2017. It was used in the FIX-HF-5 study.
Secondary safety endpoints included all-cause mortality and cardiac hospitalization.
With regards to effectiveness, the primary effectiveness endpoint for the study was
serial change in peak VO2 measured at baseline, 12 weeks and 24 weeks of follow up.
Quality of life assessed with the Minnesota Living with Heart Failure Questionnaire
(MLWHFQ) was a key secondary effectiveness endpoint. The 21 question scale
assesses the impact of the signature physical symptoms and signs of heart failure. Other
questions look at physical and social functioning in the context of heart failure
symptoms. Scores on the MLWHFQ can range from 0 to 105. The tool is validated for
the heart failure patient population.
Additional secondary effectiveness endpoints include:
•
Change in NYHA Class
•
Peak VO2 among subjects with RER > 1.05
4.0 Analysis Populations
The primary analysis of effectiveness utilized the intent-to-treat (ITT) population, i.e.,
all randomized subjects. All subjects were analyzed in the group to which they were
randomized. The analysis of the primary safety endpoint utilized the population of all
subjects implanted with the, OPTIMIZER system. Supporting analyses of the primary
endpoints were done in the completed cases (CC) and per protocol (PP) populations.
The CC population is defined as all randomized subjects who completed the 24-week
assessment for effectiveness and safety. The PP population is defined as all CC subjects
who completed the 24-week assessment and have no protocol violations that would
affect the endpoint being assessed. Secondary and additional safety endpoints were
assessed only with the CC and PP populations. The primary effectiveness endpoint was
evaluated together with the borrowing of information from 229 subjects with EF >25
from the original FIX-HF-5 study using a Bayesian modeling approach.
B. Results
The following section summarizes the results of the FIX-HF-5C study and discusses
the clinical implications of those results for the safety and effectiveness of the
OPTIMIZER IVs and thus, OPTIMIZER SMART 3-Lead configuration, systems.
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6.0 Sensitivity Analyses
The conclusion of CCM™ superiority with respect to mean peak VO2 was
consistent across all sensitivity analyses. These included various methods of
imputation for missing data (missing data due to death imputed as 0, imputed as
the lowest pVO2 at any visit, or no imputation), as well as an assessment of siteto-site heterogeneity of the treatment effect. The conclusion of CCM™
superiority with respect to mean pVO2 was consistent across all sensitivity
analyses. In addition, it was noted that the primary analysis would achieve
statistical significance with any borrowing weight of 0.11 or larger (as noted
above, 0.30 was pre-specified in the analysis plan).
In addition to the sensitivity analyses, there are two additional potential
limitations of the Bayesian analysis:
a. The analysis of the FIX-HF-5 data used for borrowing in the Bayesian analysis
included one patient with a baseline NYHA class II. The primary outcome
(peak VO2) was missing at 12 and 24 weeks for this patient, so impact of
including this patient on the FIX-HF-5 analysis was minimal.
b. There was no imputation of missing data in the FIX-HF-5 analysis submitted
to the FDA in the FIX-HF-5C simulations (i.e. all simulations used a
“completed case” analysis of FIX-HF-5 for borrowing). However, a FIX-HF5 “complete case” analysis (for borrowing) is inconsistent with the primary
analysis of FIX-HF-5C, which imputes missing data due to death in FIXHF-5C as 0’s. There are a total of 6 patients in the FIX-HF-5 study who are
missing peak VO2 due to death, of which 5 are in the active treatment group
and 1 is in the control group.
Given these considerations, we repeated the FIX-HF-5C primary analysis with
30% borrowing of FIX- HF-5 data, in which the FIX-HF-5 analysis excludes
the one patient with NYHA class II and imputes missing peak VO2 data due
to death as 0’s for the above 6 patients. This involves fitting a Bayesian model
on the FIX-HF-5 data, then performing the FIX-HF-5C analysis (with and
without borrowing of FIX-HF-5 data).
7.0 Secondary Effectiveness Endpoints
7.1 MLWHFQ
Given that the null hypothesis was rejected for the primary effectiveness
endpoint, we proceed to the first pre-specified secondary endpoint, MLWHFQ.
As described in the SAP, a linear mixed model (non-Bayesian) is fitted on the
MLWHFQ endpoint. There are a total of 160 patients and 443 non-missing
MLWHFQ observations in FIX-HF-5C for this analysis.
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Figure 15: 24-Week Modeled Mean pVO2 Treatment Difference with
RER≥1.05 subset by Study
9.0 Primary Safety Endpoint
The primary safety endpoint is the composite endpoint of 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, as determined by an independent events adjudication committee (EAC).
The EAC reviewed all serious adverse event reports (SAEs), confirmed the
classification of “serious”, and adjudicated the relationship of the event to the
OPTIMIZER System device or procedure. SAEs that the EAC determined to be
definitely related to either the OPTIMIZER System or the OPTIMIZER Procedure
were further classified as either a Complication or Not a Complication. A
“complication” is an OPTIMIZER device or OPTIMIZER procedure related event
that requires invasive treatment or results in a permanent disability or death.
Satisfying the primary safety endpoint requires that the complication-free
proportion is significantly higher than 70% (using a one-sided significance level of
0.025).
Only those subjects that underwent the OPTIMIZER implant procedure could
experience an OPTIMIZER procedure related complication and only those subjects
who receive the OPTIMIZER device could experience an OPTIMIZER device
related complication. Thus, the “As Treated” cohort is the primary cohort for
analysis. The per protocol population is also presented, however, this population
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The Kaplan-Meier plot of freedom from cardiac death or worsening heart
failure hospitalization in the FIX-HF-5C study is presented in the figure
below and summarized in Table 41. OPTIMIZER Treatment patients had a
trend towards better survival from cardiac death or heart failure
hospitalizations from baseline through 24 weeks (log-rank P= 0.0665) as can
be seen in the figure above and table below, but the result was not statistically
significant.
Comparing the Kaplan-Meier rates at 24 weeks, 97.1% versus 89.2%, and
using Greenwood’s formula for the variance, the difference between
treatment and control is 7.9% (95% CI: 0.08%, 15.6%, p=0.048).

Figure 19: Survival from Cardiac Death or Heart Failure Hospitalization through 24
Weeks by Treatment Group by Kaplan-Meier Analysis

PMA P180036: FDA Summary of Safety and Effectiveness Data

Page 56

11.0 Summary of Safety Endpoints
The primary safety endpoint for the FIX-HF-5C study was met since the proportion
of patients who were complication free exceeded 70% in the ITT population.
There were no statistically significant differences between the active OPTIMIZER
group and the control OMT group with respect to overall survival or freedom from
cardiac death. Freedom from the composite of cardiac death and heart failure
hospitalization was 7.9% higher in treatment compared to control (p=0.048 using
Greenwood’s formula for the variance) in the FIX-HF-5C population alone and was
5.7% higher in the combined FIX-HF-5 and FIX-HF-5C population (p=0.036 using
Greenwood’s formula for the variance and p=00419 by log-rank test). In the pooled
population, patients experienced an overall 3.9 greater number of days alive out of the
hospital for any reason, and the same number of more days alive not hospitalized for
heart failure. Even in the FIX-HF-5C study alone CCM patients experienced a greater
number of days alive not hospitalized for heart failure. Finally, the rates of cardiac and
heart failure hospitalizations were significantly reduced in the FIX-HF-5C population
(the population for which data were available) vs. the rates prior to implant.
The incidence of adverse events in this study was in general relatively low.
Comparisons between the treatment groups did not show any statistical differences
between Control and OPTIMIZER groups with respect to any adverse event tabulated
for the analysis. The data presented here allows us to conclude that the OPTIMIZER
IVs, and therefore the OPTIMIZER SMART 3-Lead configuration by association, is
safe for use in the population of patients with moderate-to-severe heart failure.
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in a clinical trial of CCM™ were also eligible for participation in this observational
registry. The registry was developed in accordance with the Declaration of Helsinki.
All patients signed a separate informed consent prior to enrollment and ethics
committee approval was obtained at each site.
Data was collected from routine follow-up visits conducted every 6 months after
implantation through a maximum of 2 years for functional parameters and 3 years
vital status. Data collected at follow up visits included interim medical history
(focused on the occurrence of any hospitalizations), assessment of NYHA
classification and MLWHFQ score. LVEF was obtained only if ordered as part of
routine clinical care. Every effort was made to follow each subject to assure complete
data. One hundred percent (100%) source data verification was performed on an
ongoing basis by on-site monitoring. The registry protocol included provisions for
interim analysis and publication of data.
As noted above, the present analysis focused on results obtained in patients who met
the main entry criteria for the FIX-HF-5C study, 3 namely: NYHA III or IV, QRS
duration <130 ms and EF between 25% and 45%. We refer to this group as the CCMREG-5C cohort. In addition, in accordance with prior observation, we also assessed
outcomes in the subset of these patients with EF ≥35%, a subgroup referred to as the
CCM-REG-5C≥35 cohort.
1.2 Outcome measures
The primary endpoint of this study was a comparison of observed survival (based on
Kaplan-Meier analysis) to that predicted by the Seattle Heart Failure Model (SHFM)
through 3 years of follow up.
Several additional endpoints were examined including: the rate of heart failure and
cardiovascular hospitalizations in comparison to those recorded during the year prior
to OPTIMIZER implantation; changes in quality of life as indexed by NYHA
functional class and MLWHFQ; and changes in left ventricular ejection fraction.
1.3 OPTIMIZER implant
The implantation procedure was carried out according to the routine protocols for
device implantation at the institution and in accordance with the OPTIMIZER
Physician’s Manual. CCM™ was programmed to be active for 5-7 hours/day utilizing
two RV septal leads. Patients were typically evaluated between two and four weeks
after implantation. At that visit, the pulse generator was interrogated to assess the
percentage of beats receiving CCM™ impulse delivery to ensure adequacy of
CCM™ parameter programing and the need for any adjustment.
1.4 Statistical analysis
Baseline characteristics are presented using descriptive statistics (n, mean, standard
deviation, median, minimum, maximum, and 95% confidence intervals based on the
t-distribution for continuous data; count and percentage for categorical data). The
primary endpoint comparing observed survival to survival predicted by the SHFM
PMA P180036: FDA Summary of Safety and Effectiveness Data

Page 70

was accomplished using Kaplan-Meier analysis and a modified one-sample log-rank
test. 4 For other endpoints, changes from baseline at 6, 12, 18, and 24 months for
LVEF, NYHA Class, and MLWHFQ were assessed with paired t-tests and overall
time effects were assessed with mixed linear model (PROC MIXED - with a
repeated-measures approach). Pre- versus post-implantation rates of hospitalizations
(events per patient-year) were compared using a chi-square test based on the Poisson
distribution.
SAS Version 9.4 was used to generate all analyses. Results are expressed as
mean±SE. All endpoints consider two-sided tests, and statistical significance was
recognized for all p-values <0.05.
2.0 Registry Results
At the time of this interim analysis, 140 patients from 31 sites met the criterion for the
CCM-REG-5C cohort and 57 met criteria for the CCM-REG-5C≥35 cohort and were
extracted for analysis
Baseline patient characteristics and background medications are summarized in Table
52. The average age was 66±11 years and 79% of patients were male. Patients were well
medicated with diuretics (>90%), ACE-inhibitor or ARB (>90%) and β-blockers (8890%). The characteristics and background medical therapies of the overall CCM-REG5C cohort were nearly identical to those of the CCM-REG-5C ≥35 subgroup except for a
higher EF, a lower use of ICDs and greater proportion of non-ischemic heart failure
etiology in the latter group.

Table 52. Baseline characteristics of patients in the CCM-REG-5C and CCM-REG-5C ≥35
registry cohorts
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to 25±5.4 at 2 years (panels C and D; p<0.001 with a significant time effect
(p<0.0001).

Figure 25: Effect of CCM™ on Minnesota Living with Heart Failure Questionnaire
(MLWHFQ). Absolute values (panel A) and changes from baseline (panel B) in the CCMREG-5C cohort. Absolute values (panel C) and changes from baseline (panel D) in the
CCM-REG-5C≥35 cohort. Numbers above symbols indicate the number of contributing
subjects at each timepoint.
2.4 NYHA
A significant improvement in NYHA functional class was observed in the entire
CCM-REG-5C cohort across the 2-year follow-up period, decreasing from 3.2±0.02
to 2.4±0.09 (p<0.0001; Figure 26A and B) with a significant time effect (p<0.001).
A similar and sustained improvement in NYHA was also observed throughout the
follow-up period in the CCM-REG-5C≥35 cohort (Figure 26C and D; p<0.001) with
a significant effect over time (p<0.001).
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Figure 26: Effect of CCM™ on New York Heart Association (NYHA) functional class.
Absolute values (panel A) and changes from baseline (panel B) in the CCM-REG-5C
cohort. Absolute values (panel C) and changes from baseline (panel D) in the CCM-REG5C≥35 cohort. Numbers above symbols indicate contributing subjects at each timepoint.

3.0 Conclusions
In summary, this is the largest long-term prospective evaluation of CCM™ in heart
failure with moderately reduced ejection fraction and persistent symptoms. After 3 years
of follow-up, CCM™ was associated with a reduction in heart failure hospitalizations
similar to that observed in the FIX-HF-5C study. Improvements in functional status and
QoL extended at least through 24 months. There was no detriment in 3-year survival
compared to that predicted by SHFM in the overall cohort; patients with LVEF between
35% and 45% may derive a survival benefit from CCM™. Thus, consistent with smaller
previous studies, the cohort of subjects with LVEF between 25% and 45% appear to
derive significant clinical benefit from CCM™ with improvement in quality of life and
functional capacity over extended periods of time.
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XI.

FINANCIAL DISCLOSURE
The Financial Disclosure by Clinical Investigators regulation (21 CFR 54) requires
applicants who submit a marketing application to include certain information
concerning the compensation to, and financial interests and arrangement of, any clinical
investigator conducting clinical studies covered by the regulation. The pivotal clinical
study included 99 investigators. None of the clinical investigators had disclosable
financial interests/arrangements as defined in sections 54.2(a), (b), (c), and (f). The
information provided does not raise any questions about the reliability of the data.
Statistical analyses were conducted by FDA to determine whether the financial
interests/arrangements had any impact on the clinical study outcome. FDA
determined the information provided did raise questions about the reliability of the
data. The following additional actions were taken and deemed necessary to ensure
the reliability of the data (21 CFR 54.5(c)). [Describe additional steps taken which
may include: 1) Initiating agency audits of the data derived from the clinical
investigator(s) in question; 2) Requesting that the applicant submit further analyses
of data (e.g., to evaluate the effect of the clinical investigator’s data on the overall
study outcome); 3) Requesting that the applicant conduct additional independent
studies to confirm the results of the questioned study; 4) Eliminating a specific site(s)
from analysis)] [Conclusions]

XII.

SUMMARY OF SUPPLEMENTAL CLINICAL INFORMATION
The Continued Access Study (FIX-HF-5CA) is an evaluation of the OPTIMIZER
SMART System (with 3-leads) in subjects with moderate-to-severe heart failure with an
ejection fraction of 25-45%. It is a prospective, multi-center, single-arm evaluation that
allows approved Investigators ongoing access to CCM therapy for their patients at
selected US investigational sites until the PMA order has been issued by the FDA for the
OPTIMIZER System. Study enrollment was approved by FDA after randomization of the
160th FIX-HF-5C patient. All eligible patients enrolled in the Continued Access Protocol
(CAP) undergo an OPTIMIZER SMART implant and receive active CCM treatment. To
date, there have been no new safety issues with the OPTIMIZER SMART 3-Lead
configuration.
A. Continued Access Study (FIX-HF-5CA)
The Continued Access Study (FIX-HF-5CA) is an evaluation of the OPTIMIZER
SMART System (with 3-leads) in subjects with moderate-to-severe heart failure with an
ejection fraction of 25-45%. It is a prospective, multi-center, single-arm evaluation that
allows approved Investigators ongoing access to CCM™ therapy for their patients at
selected US investigational sites until the PMA order has been issued by the FDA for the
OPTIMIZER System. Study enrollment was approved by FDA after randomization of
the 160th FIX-HF-5C patient. All eligible patients enrolled in the Continued Access
Protocol (CAP) undergo an OPTIMIZER SMART implant and receive active CCM™
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treatment was provided. The subject returned to the clinic for the 2 week follow-up visit
and upon OPTIMIZER device interrogation, they were unable to find sensing on the atrial
lead. CXR showed that the OPTIMIZER atrial lead dislodged, caused by “twiddler’s
syndrome” (the subject was manipulating the pulse generator, often unknowingly). The
lead was revised a couple weeks later. The subject returned for the post-revision followup and the OPTIMIZER could not be programmed. CXR showed that all 3 OPTIMIZER
system leads were dislodged once again due to “twiddler’s syndrome”. The OPTIMIZER
system was removed on September 30, 2017, approximately 2 months after the index
implantation, and the subject was withdrawn from the study.
One SAE occurred in subject(b) (6)
, who was implanted with the OPTIMIZER
SMART system on October 10, 2017 and discharged the following day. The subject’s
follow-up was uneventful until February 1, 2018 when he had a ventricular arrhythmia/
electromechanical dissociation and coded while at work. EMS was able to restore his
pulse and get him to the ER. While there, he had a coronary angiogram with 3 vessel
PCI, but continued to experience complications from the initial EMD, with deterioration
of blood pressure and organ perfusion. He coded for a second time on February 3, 2018
and could not be resuscitated. The event was reported by the Investigator as not
OPTIMIZER device or procedure related. The subject died 116 days after the index
OPTIMIZER procedure. This SAE was reported as not related to the OPTIMIZER
implant procedure or device.
Two AEs (1 non-serious, 1 SAE) occurred in subject(b) (6)
, who was implanted with
the OPTIMIZER SMART system on January 9, 2018. Prior to being discharged, she
became a bit obtunded following sedation reversal after the implant procedure and was
given Narcan. The hospitalization was prolonged due to this event which included
respiratory acidosis and hypercapnia. The subject was discharged on January 14th with
home health support. The Investigator reports that a similar event happened to this
subject at another time and believes that the subject is susceptible for such issues. The
same subject presented to the clinic with complaints of persistent right arm pain on
January 25, 2018; hand swelling was noted. There was no evidence of DVT by
ultrasound, but due to the unclear etiology of the pain and swelling, it is currently reported
as a non-serious DVT. The subject was prescribed Eliquis and told to continue with
physical therapy.
One SAE occurred in subject (b) (6)
, who was implanted with the OPTIMIZER Smart
system on February 27, 2018. Prior to discharge, the patient suffered acute on chronic
symptoms of heart failure, becoming short of breath, hypervolemic with lower extremity
edema and required IV diuretics and IV inotropes. Treatment was complicated due to
associated chronic renal insufficiency. The admission was prolonged due to the
Worsening Heart Failure SAE and the subject was discharged on March 9, 2018. The
Investigator reports that the patient had been in chronic intractable CHF prior to the
OPTIMIZER implant, and subsequent follow-up suggests she is doing well with her CHF
under better control.
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One SAE occurred in subject(b) (6)
, who was implanted with the OPTIMIZER
SMART system on January 24, 2018 and was discharged the following day. On March
7, 2018, 6 weeks after the OPTIMIZER implant procedure, the subject was admitted to
the hospital with acute on chronic worsening heart failure. The subject has multiple
comorbidities, including diastolic heart failure, moderate to severe mitral regurgitation
with group 2 pulmonary HTN, and stage 3 chronic kidney disease. She was admitted to
CCU on March 11th after PEA due to cardiogenic shock (due to cor pulmonale) requiring
IV inotropes, IV diuretics and continuous renal replacement therapy. The subject had a
DNR in place and died on April 13, 2018, 79 days after the OPTIMIZER implant
procedure. The Investigator reports that the patient’s screening and baseline period was
prolonged for several months, with an additional month delay to re-schedule the implant
date after the holidays. In that time, her health status had significantly
worsened. Additionally, the subject developed a new onset but persistent atrial
fibrillation, which made CCM™ delivery minimal to none. The SAE was reported as not
related to the OPTIMIZER implant procedure or device.
One non-serious AE occurred in subject (b) (6)
who was implanted with the
OPTIMIZER SMART system on March 23, 2018. A small pocket hematoma was noted
prior to discharge, which occurred the following day. The subject returned to the hospital
on March 28th with bleeding from the hematoma. Pressure dressing was applied and the
subject was sent home on the same day. This AE was reported as definitely related to the
implant procedure.
One non-serious AE occurred in subject (b) (6)
, who was implanted with the
OPTIMIZER SMART system on March 28, 2018 and was discharged the same day. As
he was leaving the hospital, he experienced dizziness and nausea with vomiting. He was
brought into the ER, given IV fluids and was discharged home on the same day.
XIII. PANEL MEETING RECOMMENDATION AND FDA’S POST-PANEL ACTION
B. Panel Meeting Recommendation
At an advisory meeting held on [date], the [Name of Panel] Panel voted [VOTE
TALLY] that there [is/is not] reasonable assurance the device is safe, [VOTE
TALLY] that there [is/is not] reasonable assurance that the device is effective, and
[VOTE TALLY] that the benefits of the device [do/do not] outweigh the risks in
patients who meet the criteria specified in the proposed indication. [Include the
specific panel webpage link to the panel meeting summary.] [If conditions of
approval were discussed, list the conditions.]
C. FDA’s Post-Panel Action
XIV. CONCLUSIONS DRAWN FROM PRECLINICAL AND CLINICAL STUDIES
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A. Effectiveness Conclusions
The nonclinical laboratory testing performed on the OPTIMIZER SMART System
(IPG, Charger, Patient Programmer) demonstrate that the individual components, as
well as the combined system, are reliable and that the probable benefits to health from
the use of the device outweigh any probable injury or illness from such use. Further,
the nonclinical laboratory studies completed, when considered with the clinical
experience, provides assurance that the OPTIMIZER SMART System is safe and
effective when used to treat chronic heart failure.
B. Safety Conclusions
None of the safety results reported here for the FIX-HF-5C study contradict the
assessment of the risks and benefits of the OPTIMIZER system described above.
Similar safety profile has been identified in prior studies.
C. Benefit-Risk Determination
The results of the FIX-HF-5C study clearly show an improvement in exercise tolerance
and quality of life with relatively low incidence of adverse events. The main risks
associated with OPTIMIZER SMART are inherent to the implantation procedure
itself. Here there are the typical risks of bleeding, wound infection, and complications
of lead insertion. These risks for the OPTIMIZER SMART device are no different
than the widely accepted risks associated with pacemaker or CRT implantation. After
implantation, there are relatively few risks linked to the OPTIMIZER SMART itself.
Benefits of the OPTIMIZER system have been demonstrated in the present study,
which confirm findings of several prior studies. There is an improvement in exercise
tolerance as shown through CPX testing with peak VO2 measures and the 6-minute hall
walk scores. Quality of life as captured via the MLWHFQ is improved with
OPTIMIZER system support. Functional capacity which relates to exercise tolerance
and quality of life is improved with OPTIMIZER system support. Finally, data show
that heart failure hospitalizations were reduced in the OPTIMIZER group. The current
study examined CCM effects in subgroup of the overall heart failure population;
specifically, patients with EF 25 to 45%, with narrow QRS, normal sinus rhythm and
NYHA Class III or ambulatory NYHA IV.
Additional factors should be considered in determining probable risks and benefits for
the OPTIMIZER SMART device. Uncertainty in the effectiveness of the device is
minimized by the replication in 4 randomized studies encompassing 802 subjects of a
positive effect of CCM™ (FIX-HF-4, FIX-HF-5 Phase I, FIX-HF-5 Phase II, and FIXHF-5C). The study was regularly monitored to ensure integrity of data and compliance
with the protocol. Chronic heart failure is a common disease and it is well documented
that ~30% of patients have NYHA Class III/IV symptoms. The OPTIMIZER system
has been demonstrated to be safe and effective for use in the indicated
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population. Patients treated by the OPTIMIZER SMART System have moderate to
severe heart failure and their disease is of a chronic nature. Due to the severity and
chronicity of their disease, some risk for the therapy is acceptable in light of the
potential benefits. In the population of moderate to severe heart failure patients
(25≤EF≤45) with QRS duration <130 ms, there is no therapy comparable to that
provided by the OPTIMIZER System and CRT is not applicable. The patient centric
method, MLWHFQ, which is a questionnaire that is completed by the subject in the
clinic environment was utilized by the FIX-HF-5C study. MLWHFQ has consistently
shown improvement in all studies of CCM™. The OPTIMIZER system has been
designated by the FDA as breakthrough technology and satisfies an unmet medical
need. Although, slightly higher risks may be acceptable for such technology, the risks
with the OPTIMIZER system are sufficiently low that they are widely acceptable as is.
1. Patient Perspectives
This submission did not include specific information on patient perspectives for
this device.
In conclusion, given the available information above, the data support that for patients
with moderate to severe chronic heart failure with an EF 25 to 45%, QRS < 130 ms and
a normal sinus rhythm, the probable benefits outweigh the probable risks. If applicable,
your conclusions should consider the panel deliberations and conclusions and FDA’s
post-panel actions.
D. Overall Conclusions
The OPTIMIZER system (IVs and SMART [3-Lead configuration]) is safe and
effective. The benefits of the OPTIMIZER system outweigh the risks of the
OPTIMIZER system.
Thus, CCM therapy can meet the needs of the 70% of heart failure patients with a
persistent NYHA III and ambulatory IV heart failure with narrow QRS who do not
qualify for CRT.
XV.

CDRH DECISION
CDRH issued an approval order on [date of approval order]. [OPTION: if there are
conditions of approval, state the following: The final conditions of approval cited in the
approval order are described below.
Add the conditions of approval – change to 3rd person.[END OPTION]
The applicant’s manufacturing facilities have been inspected and found to be in
compliance with the device Quality System (QS) regulation (21 CFR 820).
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XVI. APPROVAL SPECIFICATIONS
Directions for use: See device labeling.
Hazards to Health from Use of the Device: See Indications, Contraindications,
Warnings, Precautions, and Adverse Events in the device labeling.
Post-approval Requirements and Restrictions: See approval order.
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