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Abstract

Purpose: Percutaneous ablation of functioning adrenal
adenomas has been an alternative to videolaparoscopic
treatment. This study aimed to evaluate the feasibility,
safety and efficacy of radiofrequency ablation (RFA) in
the treatment of functioning adrenal tumors using a
computed tomography (CT)-guided percutaneous tech-
nique as demonstrated by our experience and the
literature.
Methods: Eleven adult patients (mean age 46 years) with
a diagnosis of functioning adrenal adenoma underwent
CT-guided RFA between October 2011 and August
2012. All RFA procedures were performed using a needle
electrode with a single lateral filament and the RITA�

1500X radiofrequency generator. The RFA protocol
consisted of two cycles of 5 min each with 1-min interval,
with no additional ablation cycles. Contrast-enhanced
CT scans were obtained and analyzed for immediate
treatment success and possible complications.
Results: Maximum tumor dimension ranged from 1.2 to
3.4 cm. The mean procedure time was 74 min, and length
of hospital stay ranged from 0.9 to 3.2 days (mean
1.8 days). One patient had residual pneumothorax and

one patient had neuritis involving the T10 dermatome.
Of 11 patients, 10 recovered from their condition. Only
one patient remained with hyperaldosteronism, but with
reduced anti-hypertensive medication.
Conclusions: CT-guided percutaneous RFA was a safe
and effective treatment for functioning adrenal adeno-
mas, with short hospital length of stay and low compli-
cation rate.
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adenoma—Computed tomography

Laparoscopic resection is an established treatment for
benign adrenal lesions [1]. Most functioning adenomas
are represented by primary hyperaldosteronism (PH) and
Cushing’s syndrome (CS). Reported complication rates
range from 3.2 % to 20 % and include the occurrence of
hemorrhage, damage to adjacent organs and/or struc-
tures (e.g., spleen), surgical wound infection, cardiac
complications (postoperative myocardial infarction and/
or angina), and infectious complications [1, 2].

Less invasive treatment options, such as selective
arterial embolization and percutaneous ethanol injection,
have been described [3, 4], but without proven effi-
cacy. Percutaneous radiofrequency ablation (RFA) and
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cryoablation have been evaluated as new therapeutic
modalities for the treatment of both benign and malig-
nant adrenal masses [5–7]. Only minor complications
have been associated with these treatment options, with
pneumothorax and retroperitoneal hematoma reported
as the most common complications [8]. There is only one
report in the literature of a case of major complication
using cryoablation [6], but no reports concerning RFA
[5, 7].

RFA is a low-cost procedure associated with low
morbidity and mortality rates and quick patient recov-
ery, which makes this therapy an attractive alternative to
surgical treatment. Pandharipande et al [9] conducted a
cost-effectiveness study using a complex mathematical
model to compare percutaneous RFA versus nephron-
sparing surgery for small unilateral renal cell carcinomas.
They found a significantly lower cost difference in
ablative treatment regarding the surgical technique.
However, few case series have used RFA in the treatment
of functioning adrenal adenomas. To change the treat-
ment paradigm, more case series are needed to prove the
efficacy of this method.

This study aimed to evaluate the feasibility, safety
and efficacy of RFA in the treatment of functioning
adrenal tumors using a computed tomography (CT)-
guided percutaneous technique as demonstrated by our
experience and the literature.

Materials and methods

Patients

The results of CT-guided RFA procedures performed in
11 patients with a diagnosis of functioning adrenal ade-
noma between October 2011 and August 2012 were
analyzed. The study was approved by the local Ethics
Committee (Institutional Review Board-equivalent) and
was conducted in accordance with the provisions of the
Declaration of Helsinki. Informed consent was obtained
from all patients prior to their inclusion in the study.

A list of patients with functioning adrenal adenomas
(DATABASE), including PH and CS was provided by
our institution. Of this list, 16 patients were referred to
RFA treatment. All patients were referred from the
outpatient endocrinology clinic of our institution with a
diagnosis of functioning adrenal tumor and divided into
two disease groups, as follows: PH and CS. The diag-
nosis was based on medical history, physical examina-
tion, and specific laboratory tests. For PH, serum
aldosterone and plasma renin activity were measured by
radioimmunoassay. In cases of CS, measurement of post-
suppression plasma cortisol, urinary cortisol, and sali-
vary cortisol levels by chemoluminescence confirmed the
diagnosis.

Patients were eligible for the study if they were
18 years or older, had a functioning adrenal adenoma
confirmed by clinical criteria, specific biochemical

analysis, previous magnetic resonance imaging (MRI) or
CT of the upper abdomen, and had typically benign le-
sions diagnosed by specific imaging protocols (CT and/or
MRI), or in cases of doubtful diagnosis, by biopsy. Im-
age analysis included nodule dimensions, site, signal
intensity index (SII) at MRI and/or density at CT with-
out contrast. Typical nodules had density <10 HU at
CT without contrast and/or SII >16 % at in/out phase
of T1-weighted gradient-recalled echo (GRE) sequence
(Fig. 1) [10, 11]. The reasons for non-inclusion were as
follows: (a) maximum tumor diameter greater than
3.5 cm (relative contraindication); (b) patients with
familial syndromes; (c) coagulopathy; (d) pregnant wo-
men; (e) suspected pheochromocytoma characterized by
an increase in plasma and urinary metanephrines; (g)
nephropathy with creatinine clearance <50 %; (h) al-
lergy to iodinated contrast agents; and (i) bilateral
adrenal disease since bilateral nodules present nodular
adrenal hyperplasia and not bilateral adenomas in most
cases. Patients with potentially inaccessible nodules or
who decided on surgery were excluded from the study.
Histological confirmation was not necessary since all
patients had clinical diagnosis confirmation with typical
image at CT or MR as well. None of the patients had
primary neoplasm. All patients with clinical suspicion
had plasma and urinary catecholamines and metaneph-

Fig. 1. Axial computed tomography (CT) scan with patient in
the prone position showing skin markers (yellow arrow) and
nodule on left adrenal gland (red arrow).
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rines tested and also had image exams if pheochromo-
cytoma was suspected.

Of 16 selected patients, the procedure was performed
in 11. Of 5 excluded patients, 2 died of other causes not
related to the underlying disease and 3 chose surgical
treatment. Of 11 selected patients, 1 had two nodules in
the same gland, totalizing 12 treated nodules.

Before RFA, all patients were evaluated by an
endocrinologist to optimize blood pressure control and
correct any electrolyte disturbances. To insure appro-
priate monitoring and safety, all RFA procedures were
performed in the hospital setting with attendance by an
anesthesiologist and nurse anesthetist. Pre-planning was
based on CT scans obtained on a 64-channel multide-
tector helical CT scanner (Brilliance, Philips Medical
Systems, Best, The Netherlands) in the department of
radiology at our institution.

Techniques for percutaneous RFA

The patient was positioned at the discretion of the
interventional radiologist to allow for the best approach
and access to safely achieve the target lesion during RFA
(Fig. 1).

First, the patients were provided with further expla-
nations about the procedure and step-by-step guidelines.
General anesthesia was then induced. Immediately be-
fore RFA, a prophylactic dose of parenteral antibiotics
(cefuroxime 1.5 g or ciprofloxacin 200 mg) was admin-
istered intravenously. A single RFA needle with a 2-cm
active tip (StarBurst� electrodes; RITA Medical Sys-
tems, Mountain View, CA, USA) was placed, and the tip
was inserted gradually into the center of the target lesion
under real-time CT guidance (Figs. 2, 3). An electrical
circuit was thus established connecting the needle tip, the
two plates of insulating material attached to the skin,
which served as ground wires, and the radiofrequency
generator (Model 1500X; RITA Medical Systems,
Mountain View, CA, USA).

All patients were treated using 10- or 15-cm rigid
needles or 25-cm flexible needles, depending on the pa-
tient’s abdominal circumference and distance from the
skin to the target lesion. A renal RFA protocol was used,
consisting of two cycles of 5 min each with 1-min inter-
val. No additional ablation cycles were performed other
than those preset by the manufacturer.

Contrast-enhanced CT scans were then obtained and
analyzed for immediate treatment success (Fig. 4) and
for possible complications, which, if present, were clas-
sified as major or minor according to the criteria pro-
posed by Goldberg et al. [12]. In the presence of
pneumothorax, we adopted the flowchart proposed by
Manhire et al. [13].

Total procedure time was defined as the interval be-
tween time of first image acquisition to locate the site and
time of final control image acquisition after the procedure.

Fig. 3. Computed tomography (CT) with contrast immedi-
ately after procedure showing the complete absence of
enhancement with small amount of gas within (arrow) show-
ing coagulative necrosis.

Fig. 2. Radiofrequency needle properly positioned within
the nodule.
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Post-percutaneous RFA

Patients were transferred to the ward after postanesthesia
assessment. Response to ablative treatment was assessed
through appropriate clinical, laboratory, and MRI
evaluation performed 3 months after the procedure in all
cases (Fig. 5).

Results

The sample consisted of 11 patients with 12 adrenal
nodules, 4 patients were male and 7 were female. Mean
age was 46 years (range 33–60 years) (Table 1). All pa-
tients underwent only one session of RFA. The proce-
dure was considered technically successful in all patients
as assessed immediately after RFA. Of 11 patients ana-
lyzed, 9 were diagnosed with PH and 2 with CS. Maxi-
mum tumor dimension ranged from 1.2 to 3.4 cm (mean
1.94 cm) (Table 1). Half of the tumors were located in
the right gland and the other half in the left gland.

All procedures were performed with the patient under
general anesthesia with orotracheal intubation, except
for one case which was performed with the patient under

unconscious sedation. Patients were positioned on the
CT table according to the site and side of the tumor.
Dorsal access was obtained in 8 cases with the patient in
the prone position, and transhepatic access in 3 cases
with the patient in the supine position. The latter patient
positioning was very useful in cases of nodules located in
the right adrenal gland.

There were two anesthetic complications during
RFA, which were adequately resolved during the pro-
cedure without later clinical repercussions. One compli-
cation was hypoventilation in an obese female patient
(body mass index of 35), who was in the prone position
under unconscious sedation. The episode was managed

Fig. 4. Intravenous contrast computed tomography (CT)
scan immediately after radiofrequency ablation (RFA) show-
ing complete necrosis of the nodule in the left adrenal gland

(density < 20 HU) (A) and the remaining part of the gland
showing adequate enhancement (density > 50 HU) (B).

Fig. 5. T1-weighted
gradient-recalled-echo
(GRE) post-contrast axial
magnetic resonance (MR)
images before (A) and after
(B) radiofrequency ablation
(RFA) showing complete
necrosis of the RFA-treated
nodule.

Table 1. Lesion-related and radiofrequency ablation (RFA)-related
characteristics of the study population

Mean ± SD Minimum–
maximum

Age (years) 46.09 ± 7.64 33–60
Tumor dimension (cm) 1.94 ± 0.55 1.2–3.4
Procedure time (min) 74.18 ± 21.22 51–111
Length of hospital stay (days) 1.81 ± 0.64 0.9–3.2

SD standard deviation
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by mask ventilation via an Ambu bag, and the patient
stabilized. The other case involved a patient with PH
who had bradycardia during ablation, with the heart rate
lowered by 30 beats per minute (bpm). The patient re-
ceived atropine intravenously, returning to normal levels.

There were two cases of complications related to the
percutaneous technique, both classified as minor com-
plications. In the first case, a laminar pneumothorax
occurred when the needle was placed in the left adrenal
gland through a posterior approach. The patient had no
clinical repercussions and was managed conservatively. In
the second case, a female patient with a nodule in the right
gland treated by the transhepatic approach had neuritis as
a late complication (on postoperative day 5) involving the
T10 right dermatome, which was attributed to the close
proximity of innervation to the tumor being treated. The
patient was managed conservatively with analgesics, with
improvement in 15 days without sequelae.

Total procedure time ranged from 51 to 111 min
(mean 74.1 min), and length of hospital stay ranged from
0.9 to 3.2 days (mean 1.8 days) (Table 1).

With respect to the objective parameters used in the
image assessment (MR control), we observed that the
only criterion for radiological cure among the three
assessed patients was the enhancement pattern after
paramagnetic enhancement. SII and larger lesion diam-
eter were not useful in our methods (Table 2).

Discussion

No radiofrequency indication has been established in the
literature. In a Chinese study [8], the authors found
equivalent efficacy among the methods used in PH
treatment in a comparison between videolaparoscopy
versus radiofrequency for the treatment of functioning
adenoma.

Traditionally, adrenalectomy has been the treatment
of choice for patients with aldosterone-producing ade-
noma (APA). Laparoscopic adrenalectomy (LA), first
introduced by Gagner et al. [14] in the last decade, has
replaced the open approach as the gold standard treat-
ment [15]. Despite its benefits, there are some risks and
drawbacks associated with LA [15]. Overall morbidity
associated with this minimally invasive method is as high
as 9.5 %, and mortality is 0.2 %; for APA, in particular,
the reported morbidity rate is 8 % [15]. In addition, the
number of cases in most centers is limited and the ad-
vanced laparoscopic techniques required to perform
adrenalectomy often result in a long operating time,
associated with a relatively steep learning curve for sur-
geons in training, which warrants a search for easier to
use and less invasive alternative therapies [8].

CT-guided percutaneous RFA is an alternative to LA
for functioning adrenal adenomas. The adrenal glands
are surrounded by adipose tissue in the perinephric
space, which acts as a heat insulator to prevent thermal
injury to adjacent organs or important vasculatures, thus
making APA a suitable lesion for RFA. Most APAs are
benign and tumor seeding and recurrence are not com-
mon; however, in the presence of recurrence or residual
lesion, RFA can be readily repeated [8].

Important technical advances have allowed safe and
effective ablation of adrenal masses as an alternative
minimally invasive therapy [16–19]. Previous studies have
demonstrated the successful treatment of adrenal tumors
using RFA, and their main findings are briefly described
in Table 3. Mayo-Smith and Dupuy [20] demonstrated a
success rate of 84 % (11/13 patients) in the treatment of
patients with metastases or primary malignant adrenal
tumors. Wood et al. [21] reported a success rate of 53 %

(8/15 patients) in the treatment of metastatic adrenal tu-
mors (mean follow-up, 10.3 months). Arima et al. [22]
showed an initial success rate of 75 % (3/4 patients) after

Table 2. Resonance magnetic (RM) image results

Nodules Diameter Enhancement SII

Pre-RF
(cm)

Post-RF
(cm)

Pre-RF Post-RF Pre-RF
(%)

Post-RF
(%)

# 1 1.9 2.5 188 10 57.4 68.7
# 2 2.0 1.8 73 0 66.3 64.6
# 3 1.6 2.0 155 12 83.4 69.6
# 4 1.9 2.0 135 6 45.7 53.1
# 5 1.2 1.1 115 18 71.3 62.6
# 6 2.2 1.6 83 12 18.2 51.7
# 7 1.5 1.4 117 0 60.9 76.6
# 8 3.4 3.5 240 7 77.4 73.8
# 9 2.1 1.9 77 4 65.2 73.7
# 10 2.1 1.7 129 21 34.6 14.2
# 11 2.2 1.4 21 9 71.4 67.5
# 12 1.2 1.2 116 229 40.2 52.7

Enhancement portal–pre-contrast, SII signal intensity index: (in - out/
in) 9 100 %, RF radiofrequency

Table 3. Main data from studies on the use of radiofrequency ablation (RFA) in the treatment of adrenal tumors

Authors Number
of cases

Tumor
dimension (cm)

Minor complications Major
complications

Technical
success

Mayo-Smith and Dupuy [20] 13 1.0–8.0 1/13 0/13 11/13
Wood et al. [21] 15 1.5–9.0 1/15 0/15 8/15
Arima et al. [22] 4 2.0–3.5 0/4 1/4 3/4
Liu et al. [8] 24 1.0–4.5 4/24 0/13 23/24
Mendiratta-Lala et al. [5] 13 1.0–3.2 2/13 0/13 13/13
Present study 11 1.2–3.4 2/11 0/11 10/11
Total 80 10/80 (12.5 %) 1/80 (1.2 %) 68/80 (85.0 %)
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using RFA in functioning adrenal tumors, achieving
100 % success after repeat treatment of one tumor. Liu
et al. [8] reported a 95.8 % (23/24 patients) technical
success rate in the treatment of functioning adrenal ade-
nomas, also achieving 100 % success after repeat treat-
ment of one case. Mendiratta-Lala et al. [5] achieved
technical and clinical success in 100 % of cases (13/13
patients). The only case series about the treatment of
adenomas was conducted by Liu et al. [8]. The authors
reported a 95.8 % (23/24 patients) technical success rate
in the treatment of functioning adrenal adenomas, also
achieving 100 % success after repeating the treatment of
one case. However, the study included only patients with
hyperaldosteronism.

Our study also included CS and PH. Our experience
revealed a success rate of 91 % (10/11 patients) (Table 2).
We believe that treatment failure in the patient who was
not cured was due to the location of the adenoma, which
was virtually attached to the inferior vena cava in the
right adrenal gland. The vessel is known to dissipate
heat, reducing the effectiveness of the ablation procedure
[5].

There was an unusual case in our cohort of a patient
who had undergone left adrenalectomy for a myeloli-
poma, and RFA was performed for a functioning ade-
noma in the right adrenal gland and renal cell carcinoma
in the middle third of the right kidney. Ablation of both
the adenoma and the renal tumor was successfully per-
formed in the same procedure, with excellent clinical
response as assessed by laboratory and imaging tests.

A limitation of this study is the patient population.
Future studies involving a larger number of patients,
including those with adenomas and carcinomas, may
help to further determine the value of RFA for the
treatment of adrenal tumors, regardless of the functional
status of the tumor. Moreover, additional randomized
studies comparing a group of patients undergoing RFA
vs. surgery should be conducted to reinforce the impor-
tance of the percutaneous ablative method.

We reported on our experience with RFA as the
primary treatment modality for patients with functioning
adrenal tumors. We achieved high rates of technical and
clinical success with minimal complications, suggesting
that RFA may be a safe and effective method for out-
patient treatment of small benign functioning adrenal
lesions, which is supported by recent studies addressing
this topic. We believe that more case series are needed to
show the efficacy and replication of this method so that
the treatment paradigm for patients with functioning
adrenal adenomas may be changed. In conclusion, CT-
guided percutaneous RFA was a safe and effective
treatment for functioning adrenal adenomas and is a
potential replacement for surgical treatment.

Ethical standards. The authors declare that the experiments described
herein comply with the current laws of Brazil.
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