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Although laparoscopic adrenalectomy has remained the standard of care for the
treatment for adrenal tumors, percutaneous image-guided ablation therapy, such as
chemical ablation, radiofrequency ablation, cryoablation, and microwave ablation, has
been shown to be clinically useful in many nonsurgical candidates. Ablation therapy has
been used to treat both functioning adenomas and malignant tumors, including
primary adrenal carcinoma and metastasis. For patients with functioning adenomas,
biochemical and symptomatic improvement is achieved in 96 to 100% after ablation; for
patients with malignant adrenal neoplasms, however, the survival benefit from ablation
therapy remains unclear, though good initial results have been reported. This article
outlines the current role of ablation therapy for adrenal lesions, as well as identifying
some of the technical considerations for this procedure.

Objectives: Upon completion of this article, the reader will be
able to describe the indications, outcomes, and complications
associated with adrenal gland ablation procedures.
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Adrenal neoplasms are a frequently encountered lesion,
detected in 4 to 6% of patients undergoing diagnostic imaging
studies. Surgical resection is considered the gold standard to
treat most adrenal neoplasms. However, with the increased
detection of incidental adrenal lesions due to the widespread use
of medical imaging, and the need to treat patients with multiple
comorbidities using less invasive techniques, there has been
greater attention focused on percutaneous image-guided abla-
tion for the treatment of adrenal tumors.'~?3 To date, there are
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multiple published reports describing the use of percutaneous
ablation in the treatment of functioning adrenal tumors,'~"" as
well as demonstrating its effectiveness in short-term local
control of primary and metastatic adrenal neoplasms.'->%-23

This review presents discussion of the indications for and
techniques of image-guided ablation of adrenal neoplasms, as
well as the outcomes and complications associated with such
therapy.

Indication

Primary adrenal neoplasms, whether benign or malignant,
are typically resected with open surgical and laparoscopic
approaches.?3=27 Surgery for local control has been contro-
versial in patients with adrenal metastasis; however, selected
patients with isolated metastatic disease to an adrenal gland
have been reported to have a survival benefit from adrenal-
ectomy.?®30 In those patients who are not surgical candi-
dates either due to comorbid disease or who refuse surgery,
image-guided radiofrequency ablation (RFA) is an alternative
to surgery. In these situations, the indication for ablation
therapy is similar to that of surgical intervention. As far as
patient selection is concerned, tumor size is an important
factor to achieve complete tumor necrosis, similar to per-
forming percutaneous ablation in other organs.®'2'# The
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smaller the maximum tumor diameter, the greater the likeli-
hood of achieving local tumor control.®'2'# Although the
threshold size to expect therapeutic response has not been
well evaluated, better results have been reported for adrenal
tumors measuring 5 cm or smaller.'?

Contraindications to adrenal ablative therapy are also
similar to the contraindications of percutaneous ablation in
other organs. Patients with an underlying coagulopathy
should have this corrected before the ablation procedure;
in general, the international normalized ratio (INR) should
be less than 1.5, and the platelet count should be greater
than 50,000/uL. The access route should be carefully evalu-
ated to be sure that there is a safe approach, and specifically
that there is no bowel that may be at risk for nontarget
injury.

Preparation before Adrenal Ablation

Before ablation therapy, the tumor size, location, and
approach route to the tumor should be evaluated using
computed tomography (CT) and magnetic resonance imag-
ing (MRI) with and without contrast enhancement. Plan-
ning the approach route is especially important for
achieving effective tumor control and avoiding complica-
tions. As with any image-guided procedure, the risk of
hemorrhage is significant. It is important to identify and
consider any critical vascular structures that lie adjacent to
the adrenal glands, including the inferior vena cava, aorta,
renal arteries, and lumbar collateral vessels. Also, hyper-
vascularity of the lesion itself can be a cause of hemorrhage.
If the primary tumor (and subsequently the metastatic
lesion) is hypervascular, such as hepatocellular carcinoma
or renal cell carcinoma, combination therapy with adrenal
arterial embolization and ablation therapy can be useful for
preventing hemorrhagic complication and reinforcing an-
titumoral effects.'

In addition to careful access planning, some investigators
suggest preprocedural and periprocedural adrenergic block-
ade to prevent hypertensive crisis.’»>19 Hypertensive crisis is
the result of a massive release of catecholamines stored by the
gland that are released during the ablation of adrenal le-
sions?272431.32. this was confirmed in an animal model in
which adrenal ablation was performed in swine.3? In this
study, the swines’ blood pressure increased to > 200 mm Hg
in all six animals during adrenal ablation, with a significant
increase in serum epinephrine and norepinephrine levels. In
another study, Welch et al® reported 13 adrenal cryoablation
procedures in 12 patients with adrenal metastases. These
authors reported hypertensive crisis in six procedures (46%,
6/13) during the thaw cycle.!® Of six patients who experi-
enced hypertensive crisis, five had not received a-blockers
before cryoablation.

Patient Position

Most adrenal tumors are accessible via a posterior approach
with the patient in the prone position. However, some
investigators suggest performing a posterior approach with
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the patient in an ipsilateral decubitus position"?; this tech-
nique placed the targeted adrenal mass in a dependent
position and also induces hypoinflation of the ipsilateral
lung, reducing respiratory excursion of the diaphragm and
reducing the chance of a transpleural path of the ablation
probe that can result in pneumothorax or other lung injury
during the ablation procedure.’-?

Nevertheless, difficulty can be encountered in approach-
ing the targeted adrenal lesions with the patient in an
ipsilateral decubitus position because this can result in the
adrenal lesion abutting other critical organs, such as the
pancreas or colon. In addition, the approach window becomes
smaller in this position. Therefore, the authors usually place a
patient in the prone position and evaluate the trajectory to
ascertain whether the ablation probe can be placed safely into
the adrenal lesion (=Figs. 1-3). Tilting of the CT gantry is also
a useful technique for avoiding a transpleural path of the
ablation probe (=Fig. 2). In instances where a safe approach
cannot be identified with the patient prone, the authors will
reposition the patient in an ipsilateral decubitus position and
reimage.

Image Guidance

CT or CT fluoroscopy is a widely available technique that
enables visualization of the targeted adrenal mass, the path of
the ablation probe, and the position of nearby critical ana-
tomic structures such as kidney and colon; these factors make
CT the preferred imaging modality for performing adrenal
ablation.

Ultrasound is used less frequently because it is often
difficult to identify adrenal glands by ultrasound. Moreover,
assessment of tumor coverage by thermal ablation can be
challenging because of either increased echogenicity of the
ablation area from thermal destruction and gas or shadowing
by the cryoablation ice ball.

Although MRI guidance has been used in the treatment of
renal tumors with cryoablation, their usefulness in adrenal
ablation therapy has not yet been established.?334

Ablation Modality

Radiofrequency Ablation

The safety and efficacy of RFA is well established in the
treatment of liver, lung, and renal tumors. Using alternating
electrical current with frequencies of less than 30 MHz
(usually 375-500 kHz) to generate heat, RFA induces thermal
damage and tissue necrosis in the tissue adjacent to the
electrode tip.'24-8:10-1214.15 Tissue destruction is achieved
once the temperature threshold for cell death (50-60°C) has
been reached.

The benefits of RFA include a well-established safety
profile, widespread availability, and predictable thermal vol-
umes based on the probe type. The procedure involves
placement of a single or multiple probes into the tumor under
imaging guidance. A grounding pad (typically placed on the
patient’s upper thigh) creates a closed-loop circuit for the
current to travel.
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Figure 1 A 50-year-old woman who received radiofrequency ablation
(RFA) of a functioning adenoma because of Cushing syndrome caused
by a cortisol-secreting adenoma. (A) Contrast-enhanced axial CT
images demonstrate an enhancing 2.4-cm maximum diameter tumor
in the left adrenal gland. The adrenal tumor was adjacent to the
pancreas (arrow). (B) Hydrodissection was performed after a 20-gauge
needle was placed (white arrow) between the adrenal tumor and the
pancreas. Water mixed with contrast medium (asterisk) was injected to
displace the adrenal tumor from the pancreas. RF electrodes (arrow-
heads) were placed in the adrenal tumor, and the tumor was ablated in
standard fashion. (C) Contrast-enhanced axial CT image obtained

3 days after RFA demonstrated lack of tumoral enhancement. Both
serum cortisol and adrenocorticotropic hormone normalized, and the
symptoms were alleviated. CT, computed tomography.
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Microwave Ablation

Microwave ablation works by using electromagnetic energy
with frequencies of 30 MHz to 30 GHz to agitate water
molecules, causing frictional heating and cell death by coag-
ulative necrosis."*>1%18 The benefits of microwave ablation
compared with RFA are a more rapid increase in temperature,
the ability to achieve higher local temperatures, larger abla-
tion volumes in a shorter ablation times, and the obviation of
the need for grounding pads.

Cryoablation

Cryoablation causes cell death by the application of alternat-
ing cycles of freezing and thawing. Expansion of argon forced
through a small internal aperture in the probe reaches very
low temperatures (-80 to -150°C) by the Joule-Thomson
effect.’2'° Active thawing is achieved by the application of
helium. The alternating cycles of freezing and thawing cause
mechanical stress on the cellular membranes from intracel-
lular ice crystal formation, hypotonic cell disruption, and
microvascular thrombosis.

The advantage of cryoablation is visualization of the ice
ball during treatment with either CT or MR imaging. This
enables one to monitor the area of thermal injury, thereby
avoiding damage to adjacent organs. Cryoablation also causes
less periprocedural pain than RFA. The limitations of cryoa-
blation are the increased risk of hemorrhage caused by
microvascular thrombosis and the inability to coagulate
tissue during probe withdrawal, such as can be done with
RFA and microwave ablation.

Chemical Ablation

Chemical ablation of the adrenal gland can be performed
using imaging-guided percutaneous direct injection of either
ethanol or acetic acid into the adrenal tumor. This is typically
performed using several small (19-22 gauge) needles placed
under CT, real-time CT fluoroscopy, or ultrasound guid-
ance.">1%18 Chemical ablation works by protein denatur-
ation that causes coagulative necrosis and thrombosis of
small vessels.

An important benefit of chemical ablation is that there is
much less risk for collateral damage to adjacent organs. The
downside to chemical ablation is the small ablative zone
obtained during one treatment session, necessitating more
frequent treatment sessions reported than for RFA.73

Hydrodissection

Adjacent organs may be in close proximity or abut the adrenal
lesion being targeted. In these situations, hydrodissection can
allow for safe treatment while concurrently protecting the
adjacent structure. Hydrodissection is the instillation of fluid
(typically a nonionic solution, such as sterile DSW) into the
space between the adrenal lesion and the other critical
structure (such as the pancreas, duodenum, colon, kidneys,
and liver), thereby protecting these organs from thermal
injury.3®37 Hydrodissection is generally performed by the
insertion of an 18- to 20-gauge needle into the space between
the adrenal gland and the critical organ, followed by the slow
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Figure 2 A 58-year-old woman who received RFA because of local recurrence of adrenal cortical cancer 6 years following right adrenalectomy.
(A) Contrast-enhanced axial CT image demonstrated a recurrent, 3.6-cm maximum diameter tumor in the adrenal bed invading the liver (arrow).
(B) Aerated lung is visible (arrow) behind the recurrent tumor on a CT image obtained with the patient in prone position. (C) The CT gantry was
angled to avoid a transpleural path of the RF electrode. An RF electrode was placed in the tumor (arrow) without traversing the pleura. (D)
Contrast-enhanced axial CT image demonstrates resolution of tumoral enhancement 1 week following RFA. (E) Recurrent tumor resolved on
3 years follow-up scan. CT, computed tomography; RFA, radiofrequency ablation.

injection of fluid into the space (~Fig. 1). Organ displacement
is confirmed using imaging before and during the ablation to
ensure there is appropriate margin between the nontarget
organ and the ablation probe.

Outcomes

Functioning Adenoma

The use of RFA and chemical ablation has been reported in the
treatment of functioning adenomas, including aldostero-
noma, cortisol-secreting adenoma, and pheochromocyto-
ma.”>~’° In this population, good local tumor control rates
have been reported irrespective of ablation modalities
(=Table 1). Based on enhancement patterns, adenomas are
completely treated in 75 to 100% of cases after a single
ablation, and 100% of cases after a second ablation ses-
sion.””7? It is important to keep in mind, though, that the
ultimate aim is the correction of abnormal hormone release.
Arima et al reported the relation between local tumor control
and resolution of biochemical markers.” In this study, four
patients with cortisol-secreting adenomas were treated with
RFA. There was no tumor enhancement in three of four
patients after the initial RF session, leading to normalization
of serum cortisol and adrenocorticotropic hormone (ACTH)
levels and concurrent improvement in symptoms. Crescentic
tumoral enhancement remained at the periphery of the
adrenal tumor in the fourth patient, and although serum
cortisol level had normalized the serum ACTH level remained
abnormal in this patient. After a second adrenal RFA, there
was no further lesion enhancement, and the cortisol and
ACTH levels returned to normal.
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Malignant Adrenal Tumors

RFA, cryoablation, microwave ablation, ethanol injection, and
acetic acid injection have been reported in the treatment of
malignant adrenal tumors, including both adrenocortical
carcinoma and adrenal metastases (=Table 2). The three
most frequent metastases that have been described as treated
with adrenal ablation were lung cancer, hepatocellular carci-
noma, and renal cell carcinoma. Using thermal ablation, the
reported rates of residual or recurrent disease in treating
adrenal malignancies are as low as 0 to 25%, during a mean
follow-up of 103 to 37.7 months.3-10121417-19 op the
contrary, chemical ablation using ethanol or acetic acid
injection appears to be less efficacious for controlling adrenal
metastases. Xiao et al treated 20 adrenal metastases using
ethanol or acetic acid injection and found residual or recur-
rent disease in 14 tumors (70%) during the follow-up period
of 20 months.? In a separate study, Shibata et al treated nine
adrenal metastases from hepatocellular carcinoma by ethanol
injection and found residual or recurrent tumors in three
tumors (33%) during the follow-up of 19.3 months."”

Complications

Several possible complications specific to adrenal ablation
have already been discussed, including hypertensive crisis
and thermal injury to adjacent organs.

Other potential complications include bleeding, infection,
tumor seeding of the ablation probe tract, and pneumothorax
(=Tables 1 and 2). Adrenal insufficiency might occur if the
contralateral adrenal gland has been removed, or if bilateral
adrenal glands are treated.1”
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Figure 3 An 82-year-old man who received RFA because of adrenal metastasis from renal cell carcinoma 9 years following left nephrectomy. (A)
Contrast-enhanced CT image demonstrates a hypervascular tumor in the left adrenal gland (arrow). (B) Left adrenal artery from the left inferior
phrenic artery was embolized using iodized oil and gelatin sponge before RFA. Tumor enhancement was seen (arrow). (C) CT images acquired
immediately after embolization demonstrates an iodized-oil deposit in the adrenal tumor. (D) RFA was performed after embolization. (E) Axial CT
image obtained 2 years following RFA demonstrates adrenal tumor shrinkage. CT, computed tomography; RFA, radiofrequency ablation.

Survival Benefit

Few studies have evaluated the survival benefit of adrenal
ablation because of inhomogeneous patient series, small
patient numbers, and short-term follow-up.3-10-1214.17-19
For tumors that are metastatic to the adrenal gland, the
eventual outcome depends on the primary tumor prognosis.

Yamakado et al reported the possibility of providing a survival
benefit to selected patients with adrenal metastases.'* These
authors treated adrenal metastases from hepatocellular car-
cinoma in six patients by adrenal chemoembolization and
RFA, and reported long survival of more than 4 years in three
patients treated for both intrahepatic and extrahepatic
lesions.
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Conclusion

Image-guided RFA of the adrenal glands is an effective
procedure for the local control of primary or metastatic
adrenal malignancy and as an alternative minimally invasive
therapy for functioning adrenal tumors. Long-term outcomes,
however, must be clarified.
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