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ABSTRACT

The radiofrequency ablation (RFA) technique has been exten-
sively used in the treatment of primary malignancies and me-
tastases and has been recently deployed for the treatment of
unilateral primary aldosteronism (PA) as an alternative to whole
unilateral adrenalectomy.

Current evidence comparing RFA with unilateral adrenalectomy
in the treatment of PA so far has been variable, with studies
being retrospective and small-scale, but it remains a very at-
tractive option as a potentially less invasive treatment option
compared to adrenalectomy.

This review article describes the procedure, and provides evi-
dence and the possible future direction of RFA in the treatment
of unilateral PA.

Introduction

The diagnosis of primary aldosteronism (PA) in people with hyper-
tension provides the potential for treatment with curative unilat-
eral adrenalectomy. Several techniques have emerged as potential
candidates for non-surgical ‘cytoreductive’ treatment of aldoster-
one-producing adrenal adenomas (APAs), including radiofrequen-
cy ablation (RFA), cryoablation, and microwave therapy. The latter
two are, numerically, less extensively published than RFA in the
treatment of adrenal disease [1]. There are preliminary reports also
of adrenal artery ablation using ethanol; the technique has been
used to treat both APAs and those without apparent APAs [2, 3].
This short review will focus on RFA in APAs.

Why consider radiofrequency ablation as a
treatment for primary aldosteronism?

There are a number of potential attractions of RFA compared to ad-
renalectomy as a treatment for PA. First, although randomized
studies are awaited, there is a general consensus that it is less in-
vasive than laparoscopic surgery and, as a result, associated with
lower post-procedure analgesia, reduced length of hospital stay,
and earlier return to work. Related to this, difficulties with predict-
ing surgical outcomes lead some patients to a reluctance to under-
go abdominal surgery for a ‘benign’ condition with no promise of
a complete (tablet-free) cure. Third, recent data point to significant
improvements in cardiac parameters (left ventricular end-diastol-
icvolume and N-terminal pro-brain natriuretic peptide levels) with
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surgery and that these improvements correlate most strongly with
a reduction in plasma aldosterone concentrations [4]. It could
therefore be the case that for selected patients at high cardio-met-
abolic risk who are unlikely to be cured by surgery, lowering aldos-
terone levels by selective nodule ablation is clinically beneficial. RFA
is, theoretically, a potentially attractive option for patients with
marked visceral obesity, for whom the risk of conversion from lap-
aroscopic to open adrenalectomy is higher, but the same anatom-
ical issues may make the ablation procedure more challenging.
Last, nodule ablation opens up the theoretical possibility of treat-
ing bilateral disease without rendering patients adrenocortically
insufficient.

From a healthcare economics perspective, RFA is less expensive
than surgical adrenalectomy. A prospective study on RFA in PA
showed that RFA is 2 to 3 times less costly than surgery [5]. If the
diagnosis were to be made in all 5-10 % of hypertensive people who
are estimated to have PA, there would be a large number of surgi-
cal referrals for adrenalectomies [6, 7]. This would put a significant
demand on surgical capacities, which was present before, but has
been augmented after the Coronavirus disease 2019 pandemic.

The published literature on the use of RFA for PA is limited to
single-center experiential reports, with important questions await-
ing randomized studies regarding cure rates, safety, and long-term
follow-up.

In this article, we will describe the procedure, the evidence, our
experience, and the future directions of RFA.

Radiofrequency ablation - general principles

RFA, a form of thermal ablation, is not a new procedure and has
been extensively used in the treatment of non-operable primary
malignancies and metastases. During RFA, high-frequency alter-
nating current leads to frictional agitation at an ionic level, gener-
ating heat. Temperatures>50 °C induce cell death by coagulative
necrosis. The RFA needle is insulated except for its tip, with the re-
sult that its effect is limited to the location of the non-insulated
needle tip. However, high temperatures at the needle tip can de-
hydrate tissue and impede energy penetration into the circumja-
cent tissue. To overcome this, the radiofrequency energy is pulsed
and given at varying lengths to achieve the desired area of ther-
mally induced cell death. Another challenge to RFA occurs when
the proposed ablation is near a large blood vessel (such as the in-
ferior vena cava). High-volume blood flow can carry away heat,
thereby making the hyperthermic effects less pronounced. This ef-
fectis termed ‘heat sink’ and is thought not to be an issue with mi-
crowave ablation [1].

Most studies of RFA in adrenal disease have utilized a single nee-
dle electrode, but other devices exist, such as an umbrella-shaped
needle electrode. An open, prospective study of RFA in PA suggest-
ed that umbrella-shaped needle electrodes may increase the rate
of clinical success, but at the possible expense of a higherincidence
of adverse events [8].

Radiofrequency ablation - access and anatomy

Percutaneous RFA is a procedure performed by interventional ra-
diologists, guided by real-time computed tomography (CT) imag-
ing. The patient lies either prone or in the lateral decubitus posi-
tion depending on the optimal access route for RFA needle abla-

tion. To limit patient movement, the procedure is usually done
under general anesthesia.

Not all patients who qualify for adrenalectomy are candidates
for radiofrequency ablation. In some cases, the location of the near-
by organs, like the inferior vena cava, may deem the procedure too
unsafe for a percutaneous approach. In addition, not all patients
will have nodules that are visible on imaging, and therefore, there
will be no specific target for the RFA needle. Adrenal artery abla-
tion has been studied in people without an apparent APA. This pro-
cedureis performed via a catheter similar to adrenal vein sampling,
and the adrenal artery is ablated with ethanol. As this procedure is
done via a venous puncture, in theory, this could be done in peo-
ple whom percutaneous procedures may be deemed too unsafe
due to nearby vital structures. An initial study showed that it is an
effective and safe treatment with a reported complete clinical suc-
cessin 9/36 (25 %) participants and partial clinical successin 13/36
(36.1 %) participants, as judged by the Primary Aldosteronism Sur-
gical Outcome (PASO) criteria [2, 9]. A further randomized study
compared artery ablation with medical treatment showed a de-
crease in office and average 24-hour blood pressure with no signif-
icant difference between the two groups, but the adrenal artery
ablation group had a significant decrease in defined daily doses of
their medications [3]. In this randomized control trial, the patients
were not limited to only those without apparent APAs. There have
been no studies comparing this procedure with adrenalectomy.

Although RFA is an attractive option due to its less invasive na-
ture and the avoidance of surgical complications, itis still not with-
out risks. One of the potential risks is a catecholamine surge from
stimulation of the adrenal medulla, leading to a hypertensive cri-
sis. This has been described in early case reports of RFA treatment
of adrenal metastasis and also observed in RFA studies in the treat-
ment of PA[10]. In adrenalectomy, the adrenal vein is ligated early
on in the procedure, and the adrenal medulla is not disturbed, so
hypertensive crises tend not to occur. Although not formally stud-
ied, it seems prudent and pragmatic to involve anesthetists expe-
rienced in the management of pheochromocytoma in the prepa-
ration of patients for the treatment of PA by RFA.

Other reported complications are mostly a result of the place-
ment of the ablation needle in preparation for the ablation of ad-
renal nodule and they include pneumothorax, hemothorax, vascu-
lar thrombosis, and visceral perforation. This is further described
in > Table 1.

For left-sided adrenal nodules, endoscopic ultrasound (EUS)
guidance is an attractive option to percutaneous RFA due to the
proximity of the left adrenal gland in relation to the stomach, there-
by reducing any potential damage to adjacent vessels or organs as
the RFA needle is deployed. This procedure is novel in adrenal dis-
ease but has been employed in other epigastric lesions, more no-
tably pancreatic lesions [11]. In our center, a safety and feasibility
study of EUS-RFA has been performed on 28 patients and is due to
be reported.

Judgment of complete ablation

With conventional whole adrenalectomy, the persistence of PA in-
dicates that the pre-operative PA investigations indicating unilat-
eral aldosterone excess were incorrect. With RFA, it is not possible
to distinguish this scenario from a lack of cure due to incomplete
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nodule ablation. In the studies evaluating RFA in PA, repeat CT im-
aging was used to reassess the ablated nodule post-RFA [8, 12-16].
The absence of intravenous contrast enhancement at the location
of the nodule was used to judge complete ablation.

However, it is known from CYP11B2 immunohistochemistry that
the pre-operatively identified adrenal nodule may not be the only
source of aldosterone production [17]. In our center, we have ac-
cess to functional (molecular) imaging (positron emission tomo-
graphy-computed tomography [PET-CT] using 1'C Metomidate or
T8F CETO as a tracer) to make this judgment, and this aspect of our
pilot safety study of endoscopic RFA is currently undergoing anal-
ysis [4]. Together with biochemical and clinical assessment, con-
sideration may be given for repeat RFA if there is no cure.

Evidence

Several studies have investigated RFA as a therapy for PA, and are
summarized in » Table 1; some were reported before the wide-
spread adoption by the international PA community of the PASO
criteria, making comparisons difficult[8,9,12,13,15, 18, 19]. They
are all of modest size (the largest is 36 participants in the RFA arm),
and the comparison studies with adrenalectomy are all non-rand-
omized and retrospective. In these studies, the complete clinical
cure rates range from 0-47 %. In three out of four of the compari-
son studies listed, adrenalectomy performed better than RFA in hy-
pertension cure rates (partial and complete). In all the studies, the
decision for RFA was made by the participant and the physicians,
with some participants choosing RFA because of comorbidities,
with the inevitable result that the RFA groups were likely to have
inherently lower rates of clinical success by PASO criteria. Further,
three of the studies did not use AVS to lateralize the participants
but instead used the posture test and/or CT imaging to determine
lateralization and identify the nodule for ablation [13, 15, 19].

The frequency of intra-procedural hypertensive urgencies or hy-
pertensive crises was highly variable between 0-70 %, likely due to
the small number of participants, differing ablation protocols, and
pre-ablation alpha and beta blockade preparations (in two studies,
no pre-procedural alpha and beta blockade were used) [12,19]. In
one of these studies, the rate of hypertensive urgency was 67 %
(8/12 participants; duration 7-12 minutes), although none of these
participants had any reported clinical sequelae [12].

In summary, the evidence shows that RFA has potential as a less
invasive alternative to adrenalectomy, but the studies have all been
retrospective, small, and their results only short term. A prospec-
tive, randomized study comparing RFA to adrenalectomy is under-
way (NCT05405101) and should provide valuable data. This is fur-
ther described below.

Our experience

Our experience with RFA was initially with the FABULAS study (Fea-
sibility study of radiofrequency endoscopic ABlation, with ULtra-
sound guidance, as a non-surgical, Adrenal Sparing treatment for
aldosterone-producing adenomas) (NCT03405025). This is the first
study evaluating EUS-RFA for left-sided adrenal lesions. The prima-
ry outcome is safety, and the secondary outcome is the efficacy of
EUS-RFA as judged by PASO criteria. Adverse event reporting was
reviewed by an independent safety committee. The efficacy of EUS-
RFA will be measured using clinical, biochemical, and radiological

parameters involving a PET-CT (1'C Metomidate or '8F CETO as a
tracer) before and 3 months post-ablation. The study is now closed,
and the results are due to be reported [20].

Following this study, recruitment has commenced into WAVE
(A prospective randomized trial comparing radiofrequency abla-
tion With laparoscopic Adrenalectomy as an alternatiVE treatment
for unilateral asymmetric primary aldosteronism) (NCT05405101).
This prospective, randomized, open-label with blind endpoint
(PROBE) study, will be run in five centers in England, aiming to re-
cruit 110 participants. The primary objective is to test the hypoth-
esis that RFA is non-inferior to surgery in the biochemical and clin-
ical cure of unilateral PA, according to the international consensus
PASO criteria [9]. The participants will be randomizedina 1:1 fash-
ion to either intervention. 24-hour ambulatory blood pressure
monitoring will be used to assess blood pressure before and after
the intervention. For participants randomized to RFA, RFA will be
delivered either under CT- or EUS-guidance. Molecular imaging
with PET CT (1'C Metomidate or 8F CETO as a tracer) before and
after the ablation will be used to identify the treatment target and
judge the completeness of its ablation. To our knowledge, this is
the first study of this kind.

Future directions

RFAis a promising new treatment in the field of PA. Prospective rand-
omized studies such as WAVE should provide important information
that will guide clinicians on the potential deployment of non-surgical
cytoreductive treatment of PA. Questions around recurrence, patient
selection, and the potential treatment of bilateral disease all lend
themselves to future studies, along with protocols testing the efficacy
of other ‘cytoreductive’ therapies such as microwave ablation, cryoa-
blation, and adrenal artery ablation with ethanol. It seems likely that
there will still be a role for adrenalectomy in cases where there is no
visible nodule or where the nodule is inaccessible due to the anatomy
orits proximity to vital organs and vessels.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1] Donlon P, Dennedy MC. Thermal ablation in adrenal disorders: A
discussion of the technology, the clinical evidence and the future. Curr
Opin Endocrinol Diabetes Obes 2021; 28: 291-302. DOI: 10.1097/
MED.0000000000000627

[2

Zhang H, Li Q, Liu X et al. Adrenal artery ablation for primary
aldosteronism without apparent aldosteronoma: An efficacy and
safety, proof-of-principle trial. ] Clin Hypertens (Greenwich) 2020; 22:
1618-1626. DOI: 10.1111/jch.13960

Zhao Z, Liu X, Zhang H et al. Catheter-based adrenal ablation remits primary
aldosteronism: A randomized medication-controlled trial. Circulation 2021;
144:580-582. DOI: 10.1161/CIRCULATIONAHA.121.054318

Wu X, Senanayake R, Goodchild E et al. [(11)C]metomidate PET-CT
versus adrenal vein sampling for diagnosing surgically curable primary
aldosteronism: A prospective, within-patient trial. Nat Med 2023. DOI:
10.1038/s41591-022-02114-5

3

4

Lee Y, Drake WM. Radiofrequency Ablation in Primary... Exp Clin Endocrinol Diabetes 2023; 131: 438-442 | © 2023. Thieme. All rights reserved. 441

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


https://doi.org/10.1097/MED.0000000000000627
https://doi.org/10.1097/MED.0000000000000627
https://doi.org/10.1111/jch.13960
https://doi.org/10.1161/CIRCULATIONAHA.121.054318
https://doi.org/10.1038/s41591-022-02114-5
https://doi.org/10.1038/s41591-022-02114-5

& Thieme

(5]

6

(7

8

[9

(10]

(11]

(12]

442

Costa N, Mounie M, Gombault-Datzenko E et al. Cost analysis of
radiofrequency ablation for adrenal adenoma in patients with primary
aldosteronism and hypertension: Results from the ADERADHTA pilot
study and comparison with surgical adrenalectomy. Cardiovasc
Intervent Radiol 2022. DOI: 10.1007/s00270-022-03295-9

Rossi GP, Bernini G, Caliumi C et al. A prospective study of the
prevalence of primary aldosteronism in 1,125 hypertensive patients.
J Am Coll Cardiol 2006; 48: 2293-2300. DOI: 10.1016/j.
jacc.2006.07.059

Brown JM, Siddiqui M, Calhoun DA et al. The unrecognized prevalence
of primary aldosteronism: A cross-sectional study. Ann Intern Med
2020; 173: 10-20. DOI: 10.7326/M20-0065

Bouhanick B, Delchier MC, Lagarde S et al. Radiofrequency ablation for
adenoma in patients with primary aldosteronism and hypertension:
ADERADHTA, a pilot study. | Hypertens 2021; 39: 759-765. DOI:
10.1097/HJH.0000000000002708

Williams TA, Lenders JWM, Mulatero P et al. Outcomes after
adrenalectomy for unilateral primary aldosteronism: an international
consensus on outcome measures and analysis of remission rates in an
international cohort. Lancet Diabetes Endocrinol 2017; 5: 689-699.
DOI: 10.1016/S2213-8587(17)30135-3

Chini EN, Brown M|, Farrell MA et al. Hypertensive crisis in a patient
undergoing percutaneous radiofrequency ablation of an adrenal mass
under general anesthesia. Anesth Analg 2004; 99: 1867-1869. DOI:
10.1213/01.ANE.0000136803.54212.E1

Dhaliwal A, Kolli S, Dhindsa BS et al. Efficacy of EUS-RFA in pancreatic
tumors: Is it ready for prime time? A systematic review and meta-
analysis. Endosc Int Open 2020; 8: E1243-E1251. DOI:
10.1055/a-1221-5012

Sarwar A, Brook OR, Vaidya A et al. Clinical outcomes following
percutaneous radiofrequency ablation of unilateral aldosterone-
producing adenoma: Comparison with adrenalectomy. | Vasc Interv
Radiol 2016; 27: 961-967. DOI: 10.1016/].jvir.2016.03.042

(13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

Yang MH, Tyan YS, Huang YH et al. Comparison of radiofrequency
ablation versus laparoscopic adrenalectomy for benign aldosterone-
producing adenoma. Radiol Med 2016; 121: 811-819. DOI: 10.1007/
s11547-016-0662-1

Abbas A, Idriz S, Railton NJ et al. Image-quided ablation of Conn’s
adenomas in the management of primary hyperaldosteronism. Clin
Radiol 2013; 68: 279-283. DOI: 10.1016/j.crad.2012.06.137

Liu SY, Chu CM, Kong AP et al. Radiofrequency ablation compared with
laparoscopic adrenalectomy for aldosterone-producing adenoma. Br |
Surg 2016; 103: 1476-1486. DOI: 10.1002/bjs.10219

Beland MD, Mayo-Smith WW. Ablation of adrenal neoplasms. Abdom
Imaging 2009; 34: 588-592. DOI: 10.1007/s00261-008-9462-y

Williams TA, Gomez-Sanchez CE, Rainey WE et al. International
histopathology consensus for unilateral primary aldosteronism. | Clin
Endocrinol Metab 2021; 106: 42-54. DOI: 10.1210/clinem/dgaa484

Cano-Valderrama O, Gonzalez-Nieto |, Abad-Cardiel M et al.
Laparoscopic adrenalectomy vs. radiofrequency ablation for the
treatment of primary aldosteronism. A single center retrospective
cohort analysis adjusted with propensity score. Surg Endosc 2022; 36:
1970-1978. DOI: 10.1007/s00464-021-08481-3

Szejnfeld D, Nunes TF, Giordano EE et al. Radiofrequency ablation of
functioning adrenal adenomas: Preliminary clinical and laboratory
findings. | Vasc Interv Radiol 2015; 26: 1459-1464. DOI: 10.1016/].
jvir.2015.06.019

Argentesi G, Wu X, Goodchild E et al. Preliminary data from FABULAS:
A feasibility study of RadioFrequency endoscopic ABlation, with
ULtrasound guidance, as a non-surgical, Adrenal Sparing treatment for
aldosterone producing adenomas. Endocrine Abstracts 2022; 153:.
DOI: 10.1530/endoabs.86.P153

Lee Y, Drake WM. Radiofrequency Ablation in Primary... Exp Clin Endocrinol Diabetes 2023; 131: 438-442 | © 2023. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


https://doi.org/10.1007/s00270-022-03295-9
https://doi.org/10.1016/j.jacc.2006.07.059
https://doi.org/10.1016/j.jacc.2006.07.059
https://doi.org/10.7326/M20-0065
https://doi.org/10.1097/HJH.0000000000002708
https://doi.org/10.1097/HJH.0000000000002708
https://doi.org/10.1016/S2213-8587(17)30135-3
https://doi.org/10.1016/S2213-8587(17)30135-3
https://doi.org/10.1213/01.ANE.0000136803.54212.E1
https://doi.org/10.1213/01.ANE.0000136803.54212.E1
https://doi.org/10.1055/a-1221-5012
https://doi.org/10.1055/a-1221-5012
https://doi.org/10.1016/j.jvir.2016.03.042
https://doi.org/10.1007/s11547-016-0662-1
https://doi.org/10.1007/s11547-016-0662-1
https://doi.org/10.1016/j.crad.2012.06.137
https://doi.org/10.1002/bjs.10219
https://doi.org/10.1007/s00261-008-9462-y
https://doi.org/10.1210/clinem/dgaa484
https://doi.org/10.1007/s00464-021-08481-3
https://doi.org/10.1016/j.jvir.2015.06.019
https://doi.org/10.1016/j.jvir.2015.06.019
https://doi.org/10.1530/endoabs.86.P153
https://doi.org/10.1530/endoabs.86.P153

