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Splanchnic Nerve
Ablation for Volume
Management in
Heart Failure
Elevated left-side filling pressures at rest and partic-
ularly during exertion are well described prognostic
indicators and targets for cardiovascular therapies
with the intention to improve exertional capacity,
quality of life, and cardiovascular morbidity associ-
ated with heart failure (HF). The shift of blood be-
tween the peripheral vascular compartments (most
significantly the splanchnic vascular bed) and the
central vascular compartment have been identified as
a central contributor to these elevated pressures.

The splanchnic vascular compartment is highly
compliant and contains around 30% of the body’s
intravascular blood volume. Preclinical and clinical
investigations support the pivotal role of the sympa-
thetic nervous system to affect the capacitance and
compliance of the splanchnic bed by modulation of
the greater splanchnic nerve (GSN). Stimulation of the
GSN induces a rapid increase in cardiac preload and
increased central pressures, particularly in the setting
of HF.1

Recent investigations have explored the impact of
temporary and permanent block of the GSN across the
HF spectrum. Studies progressed from temporary
anesthetic GSN blockade in hospitalized patients with
HF with reduced ejection fraction (HFrEF) (bilateral,
n ¼ 11; Abdominal Nerve Blockade in Chronic
Heart Failure, NCT03453151),2 to chronic HFrEF
(bilateral and unilateral, n ¼ 15; Splanchnic Nerve
Anesthesia in Heart Failure, NCT02669407),3 to sur-
gical ablation of the splanchnic nerves in HF with
preserved ejection fraction (HFpEF) (n ¼ 11; Surgical
Resection of the Greater Splanchnic Nerve in Subjects
Having Heart Failure With Preserved Ejection Frac-
tion, NCT03715543) (Figure 1). These single-arm open-
label studies demonstrated a common effect
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independent from HF type: GSN blockade reduces
resting and exercise-induced pulmonary capillary
wedge pressure (PCWP) with positive effects on car-
diac output and exercise function. Permanent
surgical ablation of the right-side GSN confirmed the
long-term safety and efficacy of unilateral GSN abla-
tion through at least 12 months in an open-label
study.4 There was no change in arterial blood pres-
sure, resting heart rate, and serum creatinine.
Similarly to temporary GSN block, at 3 months of
follow-up, permanent GSN ablation reduced the mean
PCWP by �4.5 mm Hg (95% CI: �14 to �2; P ¼ 0.006)
at 20 W exercise compared with baseline, and the
effect carried over to peak exercise with a �5 mm Hg
(95% CI: �11 to 0; P ¼ 0.016) reduction. Hemodynamic
improvements persisted out to 12 months, with par-
allel improvement in functional capacity and health
status. The duration of exercise on the cardiopulmo-
nary exercise test improved by 73.5 seconds
(95% CI: �13 to 191; P ¼ 0.084) at 1 month (compared
with baseline), to 173 seconds (95% CI: �11 to 228;
P ¼ 0.039) at 3 months, 123 seconds (95% CI: 2-368;
P ¼ 0.027) at 6 months, and 134 seconds (95% CI: 12-
261; P ¼ 0.008) at 12 months. The peak oxygen con-
sumption at 6 and 12 months after surgery increased
by þ2.3 mL/kg/min (95% CI: �0.2 to 4.5; P ¼ 0.039)
and þ1.6 mL/kg/min (95% CI: �0.3 to 5.7; P ¼ 0.050),
respectively. At least 70% of patients experienced a
symptomatic improvement by at least 1 New York
Heart Association functional class at 1 month out to
12 months.

Previous studies have demonstrated the long-
term safety of permanent GSN ablation for the
treatment of intractable abdominal pain. In general,
permanent GSN ablation is well tolerated, with
infrequent incidence of transient gastrointestinal
side-effects and transient hypotension. Although
those studies did not include HF patients, the long-
term safety in patients with intractable abdominal
pain (described over the past 40 years), coupled
with the safety profile seen in recent HF studies, is
reassuring.

With this foundation in place, a novel, minimally
invasive, endovascular, transvenous procedure to
permanently denervate the right-side GSN was
nk, please visit https://www.jacc.org/journal/basic-

https://clinicaltrials.gov/ct2/show/NCT03453151
https://clinicaltrials.gov/ct2/show/NCT02669407
https://clinicaltrials.gov/ct2/show/NCT03715543
https://www.jacc.org/journal/basic-translational/tht-2022-shark-tank
https://www.jacc.org/journal/basic-translational/tht-2022-shark-tank
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacbts.2022.02.005&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


FIGURE 1 Evidence Pipeline for Splanchnic Nerve Modulation in Heart Failure and Evolution to a Percutaneous Device Strategy

(A) Evidence ladder for greater splanchnic nerve ablation in heart failure. (B) Venous and GSN anatomy. GSN ¼ greater splanchnic nerve; HF ¼ heart failure;

HFpEF ¼ heart failure with preserved ejection fraction; HFrEF ¼ heart failure with reduced ejection fraction; SAVM ¼ splanchnic ablation for volume management.
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developed in a therapy coined splanchnic ablation
for volume management (SAVM). SAVM was first
investigated in an open-label early feasibility study
using the Axon Ablation System (Axon Therapies)
(Endovascular GSN Ablation in Subjects With
HFpEF, NCT04287946). The trial is completed and is
pending publication. The trial enrolled 11 patients
with HFpEF with New York Heart Association
functional class II or III symptoms, ejection
fraction $50%, and elevated PCWP $15 mm Hg at
rest or $25 mm Hg during exercise.5 The Axon
Ablation System delivers radiofrequency energy via
the intravascular catheter temporarily deployed in
close proximity to the right-sided GSN (right
femoral venous access to the superior vena cava
and retrograde passage via the azygous vein to the
right-side intercostal veins at the 10th and 11th
thoracic vertebral level) (Figure 1). The primary
safety end point was a composite incidence of ma-
jor adverse cardiac, cerebrovascular embolic, or
renal events (MACCRE) through 1 month of follow-
up. The primary efficacy end point was a mean
change of PCWP with exercise at 1 month compared
with baseline. Patients underwent assessment at
baseline as well as 1 month, 3 months, 6 months,
and 12 months after the intervention. At all time
points, the tests included physical examination, 6-
minute walk test, health status assessment with the
Kansas City Cardiomyopathy Questionnaire, and
comprehensive echocardiography.

The cumulative evidence to date supports the
safety and efficacy of GSN ablation. The early
feasibility and pilot studies of the SAVM procedure in
HFpEF and HFrEF will extend the safety and efficacy
data, as well as provide additional data on the dura-
bility of percutaneous right-side GSN ablation in the
management of HF. Finally, a randomized, sham-
controlled, phase 2 clinical trial (Endovascular Abla-
tion of the Right Greater Splanchnic Nerve in Subjects
Having HFpEF; Rebalance-HF, NCT04592445) is
ongoing to expand on the initial findings and defini-
tively investigate these promising results.
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