Journal of the American Heart Association

EDITORIAL

Tackling Inflammation in Heart Failure With
Preserved Ejection Fraction: Resurrection of
Vagus Nerve Stimulation?

Veraprapas Kittipibul, MD; Marat Fudim “*/, MD, MHS

(HFpEF) accounts for up to 50% of patients with

heart failure and has high rates of adverse clin-
ical outcomes, similar to heart failure with reduced
gjection fraction (HFrEF).! Although HFpEF was once
thought to be diastolic heart failure, it is now under-
stood to be a heterogeneous clinical syndrome, with
several underlying pathophysiologic mechanisms. It is
likely that different clinical HFpEF phenotypes might
not derive similar benefits from the same therapeu-
tic interventions.?® Inflammation is highly prevalent in
heart failure and is recognized as one of the factors in
the pathogenesis of HFpEF.*° Potential benefits of im-
munomodulatory therapies were demonstrated in an-
imal models.*® Nonetheless, the evidence in humans
is limited to small pilot studies with conflicting results,
and the clinical implications remain to be determined.”®

Heart failure with preserved ejection fraction

See Article by Stavrakis et al.

The vagus nerve plays a critical role in the inflamma-
tory reflex, where it serves as an afferent and efferent
pathway to communicate between brain and periph-
eral organs, including the heart.? Sensory vagus nerve
afferents are activated by the presence of proinflam-
matory cytokines in peripheral tissues and convey the
signal to the brain. This signal leads to the release of
acetylcholine from vagus nerve efferents into the retic-
uloendothelial system, which consequently suppresses

inflammation by inhibiting proinflammatory cytokine
synthesis and release. Therefore, it is understandable
that vagus nerve stimulation (VNS) could attenuate the
proinflammatory state known to be a key pathologi-
cal mechanism in HF, especially HFpEF, and improve
cardiac remodeling. After multiple experimental animal
models showed promising benefits of VNS,'° the fea-
sibility of long-term VNS in patients with heart failure
was first reported by Schwartz and colleagues, which
demonstrated improvement in functional status, qual-
ity of life, and left ventricular volume in HFrEF following
implantation of a vagus nerve stimulator."" However, the
benefits were not consistently reproduced in larger clin-
ical trials to date.”? A large pivotal VNS study in HFrEF
(ANTHEM-HFrEF) is ongoing and is going to deliver the
definitive answer on whether VNS via an implantable
impulse generator can improve clinical outcomes.'® .
Alternatively, VNS can be performed in a less inva-
sive manner by transcutaneous stimulation of the au-
ricular branch of the vagus nerve using tragus of the
ear as an anatomical landmark.'* Low-level transcuta-
neous vagus nerve stimulation (LLTS) has been shown
to decrease inflammatory cytokines in animal models
as well as in patients with atrial fibrillation.'®" Its ap-
plication in HFpEF has also been reported. Long-term
intermittent LLTS in a rat model with HFpEF led to de-
crease in inflammatory markers and improvement in
diastolic function compared with the sham group. In
patients with HFpEF, the improvement in left ventricular
global longitudinal strain (GLS) was observed during
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Vagus Nerve Stimulation

®

Afferent
vagus nerve

@ N Parasympathetic

¥ TNF-a, \VIL-8, VCRP,
UNE, VAng-II, VNO

W Inflammation

\/ Sympathetic

/N Systolic function (GLS)”
\ Atrial fibrillation*
N Quality of life”

—_—

N Diastolic function

< Endothelial dysfunction

' Myocardial fibrosis

Figure.

Effects of low-level transcutaneous vagus nerve stimulation.

Patients with heart failure have a low vagal tone and high sympathetic activity. Low-level transcutaneous
vagus nerve stimulation via the auricular branch leads to an increase in efferent vagal activity and resultant
increased parasympathetic tone with a decreased sympathetic tone. Parasympathetic activation results
in attenuation of inflammation, which is one of the pathophysiologic mechanisms involved in heart failure
with preserved ejection fraction (HFpEF). Low-level transcutaneous vagus nerve stimulation has been
shown to improve outcomes in both animal models and patients with HFpEF. (Note: The asterisk indicates
the results from randomized-controlled studies in humans). Ang-Il indicates angiotensin-Il; CRP, C-
reactive protein; GLS, global longitudinal strain; IL-8, interleukin-8; NE, norepinephrine; and TNF-a, tumor

necrosis factor-a.

LLTS."® The long-term use of LLTS in ambulatory pa-
tients with HFpEF has not yet been described.

In this issue of the Journal of the American Heart
Association (JAHA), Stavrakis and colleagues pre-
sented a single-center, randomized, double-blind,
sham-controlled study to examine the effect of long-
term LLTS in patients with HFpEF with a predominantly
inflammatory-metabolic phenotype (defined as having
at least 2 of the 4 following comorbidities: aged >65
years, diabetes, hypertension, and body mass index
>30 kg/m?. The treatment group was assigned to
have self-performed stimulation via the ear clip elec-
trode at the tragus (20 Hz, 1 mA below the discomfort
threshold) for 1 hour daily for 3 months. Patients in the
sham group received the same instruction except for
the location of the electrode at the ear lobe. The study
sample size was reduced from the initial calculation of
72 patients to 52 patients because of a slower than
expected enrollment rate during the COVID-19 pan-
demic. A total of 48 patients completed the study and
were available for the analysis. Changes in echocardio-
graphic measurements of both diastolic function (the
ratio of early mitral inflow Doppler velocity/early diastolic
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mitral annulus velocity) and systolic function (left ven-
tricular GLS) were used as coprimary outcomes. LLTS
was only shown to improve GLS (-18.6+2.5% versus
-16.0+£2.4%; P=0.02) but not the ratio of early mitral
inflow Doppler velocity/early diastolic mitral annulus
velocity (9.9+1.5 versus 10.5+1.5; P=0.53). LLTS also
resulted in larger improvement in the Minnesota Living
With Heart Failure Questionnaire score, but no differ-
ence was observed in 6-minute walk distance.

Although the study showed lower inflammatory
markers, including tumor necrosis factor-a and inter-
leukin-8, following LLTS, it cannot be simply assumed
that amelioration of inflammation had led to improved
outcomes. The authors, therefore, performed an explor-
atory analysis that demonstrates the inverse association
between the change in tumor necrosis factor-a levels
and the change in GLS. This key finding could suggest
the causality between these 2 outcomes; however, it
is uncertain whether LLTS improves both inflammation
and cardiac function independently, reduces inflamma-
tion, which in turn improves GLS, or vice versa.

LLTS is an emerging concept in patients with HFpEF
and associated comorbidities, such as atrial fibrillation,
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for which effective treatments are currently limited.
Because of the noninvasive and simplistic nature of
LLTS, the adherence to self-administered therapy was
reasonably high (>90% in both arms) with no device-
related adverse effects. Nonetheless, the effects of
LLTS are ideally reproduced and expanded to clini-
cally meaningful end points. Although GLS is a strong
predictor of adverse clinical outcomes in HFPEF,% it is
plausible yet unknown whether interventions to improve
GLS, including LLTS, will affect clinical outcomes.

In addition to larger-scale randomized clinical trials
to assess the effect of LLTS, there are some factors to
consider to optimize the benefits of LLTS in patients with
HFpEF. As the basis of LLTS is inflammatory attenuation,
patients with a proinflammatory state might hypotheti-
cally derive more benefits from LLTS, which is in keeping
with the authors’ intention to only enroll patients with a
predominantly inflammatory-metabolic phenotype. This
notion is supported by the result of this study that pa-
tients with greater changes in inflammatory markers also
had greater improvement in GLS. Therefore, careful se-
lection of candidates with a proinflammatory state should
be a prerequisite. This can be challenging in HFpEF,
which consists of multiple and overlapping phenotypes.
Assessment of the degree of inflammation incorpo-
rating comorbidity risk score or inflammatory cytokine
levels might be helpful to predict treatment responses.
Furthermore, optimization of stimulation parameters in-
volving intensity, duration, and frequency could potenti-
ate effect of LLTS and needs to be further investigated.

It is still too early to conclude the use of LLTS in
patients with HFpEF, albeit the study demonstrates im-
provement in GLS, inflammatory markers, and quality
of life. With further refinement in candidate selection
and optimization of stimulation program, we are hope-
ful to see the abandoned VNS revive and transform
into a more feasible and effective therapy back in the
heart failure arena (Figure).
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