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Abstract

Purpose of Review Despite advances in medical therapy, heart failure with reduced ejection fraction (HFrEF) is still a leading
cause of mortality, hospitalizations, and healthcare costs. In this review, we describe two novel, implantable devices for the
treatment of patients with HFrEF, cardiac contractility modulation (CCM), and baroreflex activation therapy (BAT), and sum-
marize literature regarding these devices from the last 5 years.

Recent Findings CCM improves quality of life and functional capacity as assessed by the Minnesota Living with Heart Failure
Questionnaire (MLHFQ) score, 6-min hall walk test (6MHWT) distance, New York Heart Association (NYHA) functional class,
peak oxygen consumption (pVO,), heart failure (HF) hospitalizations, and mortality. BAT improves MLHFQ, 6-min walk test
distance, NYHA functional class, and HF hospitalizations. Both devices have been shown to be safe.

Summary CCM and BAT have been shown to be safe and effective treatment modalities for HFrEF. CCM has been approved for
use in Europe and has been implanted in thousands of patients. BAT has also been approved in Europe and continues to show
promise in treating patients with HFrEF who fail optimal medical therapy (OMT). At present, both therapies are considered
investigational in the USA.

Keywords Cardiac contractility modulation - Baroreflex activation therapy - Device therapy for heart failure with reduced ejection
fraction

Introduction

In the USA, HF is a major contributor to morbidity, mortality,
poor quality of life, hospitalizations, and healthcare costs with
HFrEF being responsible for about half of all HF cases.
Despite advancements in medicine and device therapies, the
incidence of HF has remained largely stable with greater than
650,000 new cases diagnosed annually. The lifetime risk of
developing HF is 20% for Americans 40 and older and the
incidence increases with age. The prevalence of HF continues

This article is part of the Topical Collection on Devices

D4 James A. Mann
Jjames.mann@osumc.edu

Division of Cardiovascular Medicine, Wexner Medical Center at The
Ohio State University, 473 W. 12th Avenue Suite 200,
Columbus, OH 43210, USA

@ Springer

to rise over time. Between 2011 and 2014, 6.5 million
Americans 20 years of age or older had HF compared to 5.7
million between 2009 and 2012. Survival rates have improved
but the mortality rate 5 years after diagnosis remains approx-
imately 50%. The all cause rehospitalization rate for patients
with HF is 25% within 1 month and the USA spends more
than $30 billion annually on HF care [1, 2, 3¢].

Among HFrEF patients who fail optimal medical therapy, a
large treatment gap exists between those who qualify for car-
diac resynchronization therapy (CRT) and those who qualify
for left ventricular assist devices (LVAD) or heart transplanta-
tion. CRT is currently indicated for HFTEF in patients with
New York Heart Association (NYHA) class II - ambulatory
class IV symptoms despite >3 months of guideline-directed
medical therapy (GDMT), have an EF <35%, QRS duration
> 150 ms, LBBB pattern, and sinus rhythm (level of evidence
A for class III/IV; level of evidence B for class II) [4].
Although somewhat weaker, indications for CRT also exist
for those meeting the above criteria with QRS duration >
120 ms and < 150 ms and LBBB and for those in atrial fibril-
lation and those who are dependent on ventricular pacing [4].
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Patients that do not meet these criteria and are not symptom-
atic enough for an LVAD are the patients with greatest need
and the greatest possibility of benefit from novel device-based
treatment interventions. Although many patients in this group
still qualify for implantable cardioverter defibrillator (ICD)
therapy to prevent sudden cardiac death, they still have no
device-based treatment option to improve the symptoms asso-
ciated with HF. As will be presented in this review, CCM and
BAT have been shown to be potentially important new options
for these patients.

Cardiac Contractility Modulation
The Device

The CCM device (Impulse Dynamics, Stuttgart, Germany)
has gone through several generations since its inception. The
Optimizer System for the delivery of CCM appears similar to
a pacemaker in that it consists of a pulse generator and intra-
cardiac leads. In previous versions of the device, an atrial lead
was used for sensing and was placed intravascularly similar to
standard pacemakers. The newest generation, the Optimizer
Smart (Fig. 1), has only two ventricular leads used for both
sensing and pacing that are screwed into the right ventricular
septum. A small prospective blinded randomized trial in 2017
showed that the efficacy and safety of CCM were similar
when the impulse signal was delivered through either one or
two ventricular leads supporting investigation into the use of a
single ventricular lead in future models [5¢¢]. The pulse gen-
erator is most often placed in the right pectoral region. The
generator has a rechargeable battery and the system comes
with a battery charger that patients can use at home.

The fact that the newest version, Optimizer Smart, no lon-
ger requires an atrial lead for atrial sensing means that CCM
can now be offered to patients with atrial fibrillation. The
previous version, the Optimizer Vs, required sinus rhythm
to function properly because the algorithm requires intracar-
diac P wave sensing to correctly time the ventricular impulse.
However, one study presented five patients with atrial fibril-
lation who were able to achieve 96-100% CCM ventricular
stimulation with the Optimizer IVs. All patients had a con-
comitant CRT device. They achieved intentional atrial
undersensing by the CRT device by programming atrial sen-
sitivity to 4 mV which caused 100% atrial stimulation. This
atrial stimulation was sensed by the CCM device and allowed
appropriately timed CCM impulse delivery to the ventricles
[6].

The ventricular leads deliver a biphasic impulse to the right
ventricular septum. The mechanism of action is multifactorial
and involves improved uptake of calcium into the sarcoplas-
mic reticulum which improves extracellular calcium intake
during depolarization and calcium-induced calcium release

Fig. 1 The Optimizer Smart—the newest cardiac contractility
modulation device

from the sarcoplasmic reticulum thereby increasing contrac-
tility [7]. CCM has been shown to reverse some of the path-
ological remodeling and gene expression associated with
HFrEF. Two patients with HFpEF were implanted with
CCM and were followed longitudinally. They showed im-
provement in symptoms (MLHFQ), functional status
(NYHA, 6MHWT), and histology on endomyocardial biopsy.
Histologically and biochemically, there was an increase in
titin, troponin, myosin light chain, kinases, calcium handling,
and an improvement in collagen composition. There was also
an early improvement in diastolic function and EF reserve [8].

The impulses delivered by CCM are said to be “non-excit-
atory” in that they are delivered during the absolute refractory
period and do not cause a new depolarization or contraction.
Instead, these carefully timed stimuli increase the strength of
ventricular contraction in a way that is different than CRT
therapy [9]. In fact, these effects have been shown to be addi-
tive in patients with CRT and a prolonged QRS [10].

The total duration of impulse delivery per day varied be-
tween trials and is currently based on patient and physician
preferences. A small single-center pilot study consisting of 19
patients suggested there was no difference between CCM

@ Springer



40

Curr Heart Fail Rep (2019) 16:38-46

.

Fig. 2 The Barostim Neo—the newest baroreflex activation therapy
device

delivery for 3, 5, or 7 h per day in regard to MLHFQ, pVO,,
NYHA classification, and 6-min walk test [11].

Target Patient Population

Current evidence suggests that CCM is best suited for HFrEF
patients with a normal or mildly prolonged QRS duration <
130 ms (i.e., patients that generally are not candidates for
CRT), with mild to moderate reduction in LVEF ranging from
25 to 45%. The EchoCRT trial showed that CRT did not
reduce the rate of death or hospitalization for heart failure
and even may increase the rate of mortality in patients with
HFrEF and a QRS <130 ms [12]. In addition, the 2016

European Society of Cardiology Guidelines for the diagnosis
and treatment of acute and chronic heart failure state that CRT
is contra-indicated in patients with a QRS duration < 130 ms
[13]. Therefore, CCM has the potential to fill a significant gap
in device-based therapy (Fig. 2). The FIX-HF-5C or “confir-
matory” trial was a prospective randomized controlled com-
parison of OMT alone versus OMT plus CCM in this group of
patients [14, 15]. It was designed to confirm observations
from a prospective subgroup analysis of the FIX-HF-5 trial
[16, 17]. FIX-HF-5 did not meet its primary efficacy endpoint
of ventilatory anaerobic threshold (VAT) but did show im-
provement in pVO, and MLHFQ. FIX-HF-5C enrolled a spe-
cific group of patients defined by the subgroup analysis from
the FIX-HF-5 trial: those with NYHA functional class III and
ambulatory IV HF despite OMT, EF of 25-45% by echocar-
diography and normal sinus rhythm with QRS duration <
130 ms. All patients with EF <35% were required to have
an ICD. Investigators showed that in this specific group of
patients, CCM was shown to be safe, improve exercise toler-
ance, quality of life, and the composite of cardiovascular death
and HF hospitalizations [15].

In a study by Zhang et al., there were similar decreases in
left ventricular end systolic volume (LVESV) between pa-
tients with a QRS duration < 120 ms who received CCM
compared to patients with a QRS duration of 120-150 ms
who received CRT and no CCM [18]. This was an observa-
tional study with a 3-month follow-up period.

To summarize the effects of CCM in the targeted HF pop-
ulation (Table 1)

A. Quality of life and exercise/functional capacity: Evidence
for CCM’s benefit is strongest for improvements in qual-
ity of life (QoL), exercise capacity, and functional capac-
ity. The primary endpoint of FIX-HF-5C was improve-
ment in the average difference in pVO, [15]. At 24 weeks,
the average difference between treatment and control was
0.836 mL Oy/kg/min which was significant based on the
Bayesian credible interval. The secondary endpoint for
FIX-HF-5C was the change in QoL measured by the
MLHFQ score and NYHA functional class. The mean

Table 1 Major beneficial effects

of CCM and BAT in recent ccM

BAT

literature
Improved MLHFQ Score

Increased 6MHWT Distance

Improved NYHA Functional Class Ranking

Shown to be safe
Increased pVO,

Decreased mortality and HF hospitalizations

Improved MLHFQ Score

Increased 6MHWT Distance

Improved NYHA Functional Class Ranking
Shown to be safe

Decreased MSNA

Decreased HF hospitalizations

CCM cardiac contractility modulation, BAT baroreflex activation therapy, MLHFQ Minnesota Living with Heart
Failure Questionnaire, 6MHWT 6-minute hall walk test, NYHA New York Heart Association, pVO, peak oxygen
uptake, MSNA muscle sympathetic nerve activity, HF heart failure

@ Springer



Curr Heart Fail Rep (2019) 16:38-46

41

difference in MLHFQ score at 24 weeks between CCM
and control was — 11.7 points where a negative value
indicates improvement. The odds of improving by at least
1 NYHA functional class with CCM was 5.97 times the
odds of improving among control patients.

Consistent with these findings, Kuschyk et al. showed
in a retrospective single-center trial consisting of 81 pa-
tients that mean NYHA class significantly improved
from 3.0£0.5 to 2.3+0.9. pVO, also increased in the
CCM group but not significantly [19].

A meta-analysis including three randomized trials
(FIX-HF-4, FIX-HF-5 pilot study and FIX-HF-5) and
641 patients showed that CCM significantly improved
pVO,, 6BMHWT distance, and MLHFQ score. The mean
difference in pVO, was 0.71 mL Oykg/min, in 6MHWT
distance was 13.92 m and the MLHFQ score was — 7.17 [20].

Mortality: Several studies have suggested improve-
ment in survival in CCM patients; however, most
trials are relatively small. In the study by Kuschyk
et al., mortality rates were lower in NYHA II-III HF
patients treated with CCM than rates predicted by
the MAGGIC integer score [19]. The mean follow-
up was 34 months. Mortality rates were significantly
lower at 1 year for CCM patients (5.2%) than that
predicted by the MAGGIC score for the same pa-
tients (18.4%). The difference at 3 years was not
statistically significant but the log-rank analysis for
all events up to 3 years showed that CCM patients
had significantly lower mortality rates.

Kloppe et al. showed that mortality rates in heart
failure patients with NYHA class II-IIT and QRS <
130 ms were significantly lower when patients were
treated with CCM than survival predicted by the
Seattle Heart Failure Model at 1- (0% vs. 6.1%), 2-
(3.5 vs. 11.8%), and 5- (14.2% vs. 27.7%) year fol-
low-up. However, the cohort contained only 68 pa-
tients from two German cities [21].

A case-control study by Liu et al. showed a signif-
icant difference in mortality in the entire cohort of 41
patients compared to 41 controls after a mean follow
up of 75+ 19 months and 69 = 17 months, respective-
ly. Mortality in the CCM group was 39% versus 71%
in matched controls but when stratified by baseline
EF, CCM patients with EF <25% had no mortality
benefit while patients with EF >25-40% had signif-
icant mortality benefit [22].

There was no difference in overall survival in the
FIX-HF-5C trial but the treatment group did show
improvement in the composite of cardiovascular
death and HF hospitalizations [15]. Taking into ac-
count the totality of mortality data, it is fair to con-
clude that CCM is safe (i.e., unlikely to have an

E.

adverse effect on survival) and demonstrates the po-
tential to improve clinical outcome.

Hospitalizations: HF hospitalizations were lower in
CCM patients with EF >25-40% compared to matched
controls in the case-control study by Liu et al. However,
there was no significant difference in HF hospitalization
in the cohort as a whole [22].

There was no significant difference in survival free
of hospitalization in FIX-HF-5C trial, although there
were fewer HF hospitalizations in the CCM group
[15].

Safety: CCM has been shown to be safe in recent trials.
FIX-HF-5C met the primary safety endpoint of an 89.7%
complication-free rate. The criterion for satisfying the
safety analysis was that the proportion of complication-
free subjects was significantly larger than 70% (one-sided
significance level of 0.025) [15].

However, one study showed a higher number of
adverse events in a 143 patient cohort. Miiller et al.
showed an aggregate of 34 device and/or procedure-
related serious adverse events reported in 25 patients
during a 2-year study period, most commonly due to
lead migration [23].

Other outcomes: In the small retrospective trial by
Kuschyk et al., left ventricular mean EF significantly
increased from 23.1 +7.9 to0 29.4 + 8.6% and mean end
diastolic and systolic diameters significantly decreased
from 66.5+7.7 and 57.9+7.8 mm to 64.6+8.9 and
54.8£9.2 mm, respectively. Mean NT-proBNP, a
strong correlate of HF outcomes, also decreased [19].

Seventy patients treated with CCM had no change
in mean QRS duration after 2.8 year mean follow-up
in a study published in 2014 by Roger et al. [24].
Investigators noted that CCM prevented the chronic
ventricular depolarization delay that often occurs in
heart failure patients and is known to be a negative
prognostic indicator. They speculated that CCM’s
preservation of QRS duration was indicative of posi-
tive prognostic effects of the device.

FIX-HF-5 and FIX-HF-5C investigators noticed a
particularly strong effect of CCM on subjects with EF
>35% when compared to subjects with EF <35%.
Compared to control, treatment effects in the >35%
subgroup were statistically significant and were in-
creased pVO, by 1.76 mL/kg/min, improved MLHFQ
by 15 points, improvement in NYHA functional class
by > 1 in 71% of treatment patients compared with only
57% in the control group, and increase in 6GMHWT dis-
tance by 43 £ 80.7 m in the treatment group compared
to 9.3 £ 87.4 m in the control group [15, 17].
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Baroreflex Activation Therapy
The Device

Autonomic nervous system imbalance, specifically, increased
sympathetic tone and decreased parasympathetic tone, is
known to contribute to HFTEF etiology and progression
[25]. Baroreflex activation therapy works by activating the
parasympathetic system and inhibiting the sympathetic sys-
tem at the level of the baroreceptors in the carotid sinus with
an electrical impulse from an implanted pulse generator sim-
ilar to that of a pacemaker or neurostimulation device. The fact
that BAT both stimulates vagal outflow and inhibits sympa-
thetic outflow makes it distinctly different from vagal stimu-
lation alone. The direct effect is favorable change in vascular
resistance. Because of this effect, BAT has been shown in
several studies to be effective in treating resistant hypertension
[26, 27].

The Barostim neo device (CVRx, Inc., Minneapolis, MN)
(Fig. 2) is the newest generation device for the delivery of
BAT. It consists of a pulse generator similar to a pacemaker
and a carotid sinus lead that terminates into a small circular
electrode. The device uses a wireless programmer that uses a
laptop, custom software, and a transceiver [28¢].

The implantation procedure has been extensively explained
previously by Weaver et al. [28¢] and is briefly summarized
here. The right carotid artery is preferentially chosen for its
increased sensitivity to BAT [29]. After exposure of the artery,
mapping for sensory endings of the carotid sinus nerve, or
baroreceptors, is initiated. Stimulation is activated to test the
baroreflex response which is represented by decreased heart
rate and systolic blood pressure. After the location of maxi-
mum response is identified, the electrode is sutured onto the
carotid artery. Finally, an infraclavicular subcutaneous chest
wall pocket is created for the pulse generator and the lead is
routed around the sternocleidomastoid and into the pulse gen-
erator [28e].

The results of the ongoing Barostim Neo-Baroreflex
Activation Therapy for Heart Failure (BeAT-HF) pivotal trial
are eagerly anticipated [30]. The BeAT-HF trial is a random-
ized controlled trial that is actively recruiting patients with
NYHA functional class II HF and EF 35% despite GDMT
but excluding patients actively receiving CRT. The experi-
mental arm receives BAT and GDMT while the control group
continues to receive GDMT alone. The primary outcomes are
rate of cardiovascular mortality and heart failure morbidity,
major adverse neurological and cardiovascular events
(MANCE), NT-proBNP, 6MHWT, and MLHFQ. The esti-
mated enrollment is 480 participants, with an adaptive trial
design that allows for sample size re-estimation to a larger
number of participants. The BeAT-HF trial is one of the first
studies accepted into the U.S. Food and Drug Administration’s
novel Expedited Access for Premarket Approval and De Novo
Medical Devices Intended for Unmet Medical Need for
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Life Threatening or Irreversibly Debilitating Diseases or
Conditions (EAP) program [31]. The study start date was
April 2016 and the estimated completion date is April 2021
[30].

Target Patient Population

The target population for BAT is not as clearly defined as it is
for CCM. A group of Italian investigators suggest possible
characteristics that may help to identify patients that are most
likely to benefit from BAT [32¢]. They suggested escalating
diuretic requirements, recurrent heart failure hospitalizations,
and poor heart failure prognosis as determined by the North
American Interagency Registry for Mechanically Assisted
Circulatory Support (NAIRMACS) scale may identify poten-
tial candidates for BAT. Patients that fit into profiles 6 (exer-
tion limited) and 7 (advanced NYHA class Il symptoms) on
the NAIRMACS scale are likely good candidates for BAT.
Patients with profiles 1-5 and patients with end stage or un-
stable HF may have irreversible disease and would not be
likely to benefit from BAT. Additionally, patients with several
comorbidities associated with HF such as obstructive sleep
apnea (OSA), diabetes, and chronic kidney disease, may be
less likely to respond to BAT because the symptoms may be
related to the comorbidities rather than HF, especially consid-
ering diseases such as OSA increase sympathetic activation.
That said, recent clinical trial data suggests that BAT may
benefit NYHA Class III patients with reduced EF, as summa-
rized below (Table 1, Fig. 3):

A. Quality of life and functional/exercise capacity: Abraham
et al. evaluated 146 patients in the first randomized trial
comparing GDMT alone versus GDMT plus BAT.
Compared to controls, patients in the BAT group experi-
enced significant and substantial improvements in the
6MHWT distance (59.6+14 m vs. 1.5+13.2 m; p=
0.004), MLHFQ score (—17.4+2.8 points vs. 2.1 £3.1
points; p<0.001), NYHA functional class, and NT-
proBNP at 6 months. A follow-up study on this patient
population showed that BAT plus GDMT at 12-month
follow-up had significant improvement in NYHA func-
tional class, MLHFQ, and 6MWT distance compared to
GDMT alone, demonstrating the durability of BAT effec-
tiveness [28¢]. This study also demonstrated the potential
for BAT to reduce the risk of HF hospitalizations in these
HF patients [33e°].

In a substudy of this investigation, BAT patients with-
out CRT showed significant improvement in MLHFQ,
NYHA functional class, NT-proBNP, EF, and rate of
HF hospitalizations compared to controls. BAT patients
with CRT also showed improvements in these efficacy
endpoints; however, improvement was less and was not
statistically significant compared to control [34¢]. Thus,
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Fig.3 Device-based flow chart for patients with heart failure and reduced cardiac resynchronization therapy; BAT, baroreflex activation therapy;

ejection fraction. NYHA, New York Heart Association; LVEF, left CCM, cardiac contractility modulation.
ventricular ejection fraction; /CD, implantable cardioverter defibrillator; CCM and BAT are not currently FDA approved in the USA

OMT, optimal medical therapy; LBBB, left bundle branch block; CR7,

the ongoing BeAT-HF trial excludes the enrollment of
patients with or who are eligible for CRT devices.

The effectiveness of BAT therapy in an open-label
single-center study in an 11 patient cohort was
followed over the course of three studies by one
group of investigators. All patients had NYHA class
IIT HF, EF <40%, and OMT and were ineligible for
CRT. The first study showed a significant improve-
ment in muscle sympathetic nerve activity (MSNA)
(from 45.1+£7.7 to 31.3+8.3 bursts/min and from
67.6+12.7 to 45.1+11.6 bursts/100 heartbeats) at
6-month follow-up. NYHA class, MLHFQ score,
6MHWT distance, and EF compared at 1, 3, and
6 months also improved significantly [35]. During

the 6 months prior to implant, 8 of the 11 patients
were admitted for HF for a total of 125 days.
Through the 6-month follow-up period, only one pa-
tient was admitted for HF for 6 days. Nine of the 11
patients survived the follow-up period.

The second study showed that the significant im-
provements seen at 6 months in MSNA, MLHFQ
score, 6OMHWT distance, and NYHA were main-
tained at 21.5+4.2 month follow-up. EF remained
stable and the hospitalization rate decreased signifi-
cantly [36].

The third study measured these effects at a final
follow-up of 43.5+2.1 months. MSNA improved
significantly from 46.2+2.4 to 31.3+3.0 ¢ 26.6 +
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2.0 bursts/min. Hospitalization rate and EF also im-
proved significantly. Seven of the 11 original pa-
tients survived the follow-up period [37].

B. Hospitalizations: As stated previously, Gronda et al.
showed a significant decrease in the hospitalization
rate of patients with BAT at 21.5 +4.2 month follow-
up compared to the hospitalization rate prior to ini-
tiation of BAT. Prior to activation of BAT, the cohort
spent a total of 155 days in the hospital and after
BAT, they spent a total of 7 days at 6 months and
45 days at 21.5+4.5 months [35, 36]. The study
done at 43.5+2.1 month follow-up showed a signif-
icant decrease in hospitalization rate when measured
as days/years/patients from 10.3+2.5 pre-implant to
1.01+1.4 at 43.5 months [37¢].

As noted above, the randomized pilot study of
BAT demonstrated a trend toward fewer days in the
hospital in BAT patients but there was no significant
difference compared to controls in this study [33ee].

C. Safety: In the study conducted by Abraham et al.
[33+] BAT met the primary safety endpoint with
an overall MANCE free rate of 97.2% (lower 95%
confidence bound 91.4%). The system- and
procedure-related complication event-free rate was
85.9% (lower 95% confidence bound 77.3%). A post
hoc subgroup analysis of this study was done to
investigate the efficacy and safety of BAT in patients
with and without coronary artery disease (CAD).
Results showed no significant differences which sug-
gests that these results can be applied to ischemic
and non-ischemic cardiomyopathy [38].

In the report from Weaver et al. [28¢], there were
no MANCE between 6 and 12 months (During the
first 6 months there were 2 MANCE for an overall
event-free rate of 97.2%.) The rate of freedom from
system- and procedure-related complications was
85.9. There was no significant difference in the per-
centage of days without a complication related to the
patient’s underlying cardiovascular condition, the de-
vice, or the procedure. The mean percentage of days
free from these complications was 92.1% for both
the treatment and control groups.

D. Other outcomes: Seven patients with ICDs underwent
BAT implant and at mean follow-up of 11.7=+
6.4 months, there were no oversensing or
undersensing episodes and no device-device interac-
tions were noted. None of the seven patients re-
ceived an ICD shock during the follow-up period
[39]. In a case study, one patient with BAT
underwent subcutaneous ICD (S-ICD) implantation.

@ Springer

While concomitant BAT and S-ICD was determined
to be safe, there was noise interaction caused by the
BAT device which limited programming to maximal
impulse and caused patient discomfort. However,
oversensing and the inappropriate shocks did not oc-
cur [40].

One study showed a significant improvement in
3D EF at 43 months (36.7 +3) of BAT therapy com-
pared to baseline (32.6 £6.2) [34¢].

BAT surgical skill improves rapidly with in-
creased number of procedures which can be seen
by decreased total procedural time and
intraprocedural mapping time. Weaver et al. [28°]
showed mean implant and mapping time at first pro-
cedure performed by a center of 106 +37 and 41+
23 min, respectively, decreased to 83 £32 and 20+
14 min by the third procedure.

Conclusion

Despite major advancements in medication and device
therapies, the number of patients suffering from HF
symptoms and HF-related mortality has continued to rise.
CCM and BAT have been shown to be safe and signif-
icantly improve quality of life, NYHA functional class,
and 6MHWT. CCM also significantly improves pVO,
and the pathologic cellular remodeling associated with
HFrEF, and some evidence suggests a decrease in mor-
tality. BAT improves MSNA and hospitalization rate, and
has previously been shown in several studies to improve
resistant hypertension. CCM and BAT are already ap-
proved for use in Europe, and following the results of
recent and ongoing studies, these novel device therapies
may soon become available in the USA.
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