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Introduction

Adrenal incidentaloma represents the result of the 
widespread use of abdominal imaging techniques 
[ultrasonography (US), computed tomography (CT), and 
magnetic resonance imaging (MRI)] (1-3).

In about 4–5% of patients underwent to abdominal 
imaging, adrenal masses are reported and prevalence 
increases with patient age (4,5). The incidence of adrenal 
incidentaloma in autopsy studies is 6% in 87,065 autopsies 
(3,6). The ideal diagnostic and therapeutic approaches for 
adrenal incidentalomas are still not clear (7-9). Imaging 
plays a crucial role in the distinction between adrenal 
adenomas, which represent the majority of incidentalomas, 
and malignant adrenal masses, like metastatic carcinoma, 
pheochromocytoma and adrenocortical carcinoma (ACC) 
(10,11). Nevertheless, in some cases a final diagnosis may be 
done only by a percutaneous biopsy.

Interventional radiology of the adrenal glands comprises 

percutaneous and angiographic procedures, in particular 
it plays a role both in the diagnostic phase and in the 
therapeutic one. 

As well as biopsies, also the adrenal vein sampling (AVS) 
represents an important interventional radiologic procedure 
indicated during the primary aldosteronism (PA).

Moreover, nowadays percutaneous ablations (PAs) are 
often proposed for the treatment of lesions not eligible 
for surgery either due to patient’s comorbid disease or to 
a refusal for surgery. In some cases, these procedures are 
indicated as curative intent for treatment of functioning and 
nonfunctioning adenomas.

Trans  ar ter ia l  embol iza t ion  (TAE)  of  adrena l 
arteries may be performed in emergency setting for the 
treatment of hemorrhages or to reduce vascularization of 
hypervascularized lesions as palliative intent alone or in 
combination with PA, or to bridge for surgery.

In all these scenarios, a multidisciplinary approach is 
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mandatory. 
The purpose of this review is to analyze indications, 

techniques, results and safety both for vascular and non-
vascular imaging-guided procedures.

Adrenal percutaneous biopsy

Indications

Imaging identifies dimensions, shape, morphology and 
contrast enhancement characteristics of the lesions (3).

The risk of malignancy increases with increasing size of 
the mass and decreases with greater lipid content (12-15).

A cut-off size of 4 cm has been accepted to distinguish 
between benign and malignant lesions: 6% of masses over  
4 cm are malignant and the risk of malignancy in masses 
over 6 cm is 25% (sensitivity 93%, specificity 25% and 
positive predictive value 25%) (12).

CT and MRI findings are often able to characterize 
adrenal masses as benign, but they present low specificity in 
diagnosing malignancy (13).

The role of adrenal percutaneous biopsy to typify 
malignancy has been controversial (14). Even though this 
technique was widely employed in the past, the progresses 
made in imaging modalities together with the burden of 
complications, have made this diagnostic modality less 
frequently used nowadays. Moreover, it’s difficult for fine 
needle aspiration (FNA) biopsy to distinguish between 
adrenal adenoma and adrenal cortical carcinoma. FNA is 
recommended by many authors only in cases of suspected 
metastatic adrenal lesions (8,15). Clinical indications for 
needle biopsy are the presence of an adrenal mass in an 
oncologic patient, the staging or the characterization of a 
primitive lesion beyond that the differentiation of benign 
from malignant lesions when imaging findings are not 
resolutive (16). In almost a third of patients, management 
can be completely altered on the basis of definitive tissue 
diagnosis (17). When a nonspecific adrenal mass is found 
in a patient with a history of extra-adrenal malignancy, 
the probability of malignancy is ranged between 50% and 
75% (18-21).

In patients with high suspicion of ACC, adrenal biopsy 
should be not recommended due to its low diagnostic 
accuracy (22) and the anatomopathological limit to 
distinguish between ACC and degenerated adenoma 
(9,23-25). In some rare cases, adrenal biopsy may avoid 
unnecessary surgery identifying uncommon pathologies 
(lymphoma, infection, or hemorrhage) (21-28).

Patient preparation

A careful review of all imaging studies (US, CT and MRI) 
is required to establish the image guidance to use for the 
biopsy and to plan the best approach.

Routine pre-procedural laboratory tests include 
complete blood count (CBC), coagulation studies (PT, 
PTT, INR) and metabolic panel (CMP). Before to elective 
biopsy, anticoagulant therapies are stopped following 
guidelines (26,27).

Approximately 5% of incidentalomas prove to be 
pheochromocytomas (5); pre-procedural biochemical testing 
for pheochromocytoma should be recommended (28).

Although the diagnosis of pheochromocytoma is usually 
made on the basis of clinical history, imaging and laboratory 
data, in selected cases, a multidisciplinary team, may 
consider biopsy unavoidable. In these rare circumstances, 
during the procedure, a careful monitoring and availability 
of vasodilators and/or prophylactic adrenergic blockade are 
suggested (29).

Technique

Different imaging guidance techniques [US, CT, CT 
fluoroscopy (CTF), MRI, PET-CT and fusion modalities] 
have been used (30). 

Adrenal biopsy of left adrenal masses with endoscopic 
ultrasound-guided (EUS) through a transgastric approach 
has also been described (17). The endoscopic approach 
for right adrenal biopsy is less frequently used due to the 
less visibility, but can be also performed (17,31). Recently, 
three-dimensional cone-beam CT (3D CBCT), which uses 
a combination of CBCT and real-time fluoroscopy, has also 
been described as imaging guidance for biopsy of adrenal 
glands (32).

In clinical practice, the choice of imaging guidance 
modality is based on physician preference, availability 
and anatomy. Each modality presents advantages and 
disadvantages.

Advantages  of  US guidance  inc lude  rea l  t ime 
visualization, absence of radiation, low cost and rapid 
availability. Disadvantages include operator experience, 
hostile anatomy with interposed bowel or bony structures.

Advantages of CT guidance include high spatial 
resolution, possibility to identify easily deep structures, 
and availability of contrast enhanced images if necessary 
(Figure 1A,B). But, CT uses radiation, is time-consuming, 
and real-time oblique imaging requires post-processing 
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reconstructions or tilt gantry.
The association of CT and US is chosen by many 

operators to get the spatial resolution of CT and the 
temporal resolution of US (16). The preferred patient 
position should be the one that makes the patient more 
comfortable. However, when important structures are in 
the needle path, the oblique or lateral position may be 
considered (33). 

Trans-pulmonary approach may be a possibility, if lung 
parenchyma cannot be avoided (34) (Figure 2A,B).

Additionally, artificial widening of the paravertebral 
space can be obtained with the hydrodissection technique 
or with carbon dioxide (CO2) pneumothorax; it consists in 
the injection under CT guidance of 0.9% saline solution or 
CO2 respectively (33,35).

A study has recently compared CT-guided adrenal 
biopsies using posterior approach in patients positioned in 
the ipsilateral decubitus position and in the prone position, 
concluding that the first one is less complex but equally safe 
and as effective as the latter (34). 

Jiao et al. (32) have recently published their preliminary 
experience in adrenal biopsy using 3D CBCT guidance. 
They used this technique in 54 oncologic patients affected 
by lesions not easily accessible in plane under CT or 
ultrasound guidance and reported a technical success rate 
100%, with minor complications (3.3%) (32).

Respiratory gating tools may facilitate the procedure, 
overcoming the challenge for the patient’s inability to 
cooperate (35).

If FNA is chosen, “capillary pass” technique is suggested 
to avoid traumatizing the mass and aspiration of blood cells. 
It consists in moving the needle back and forth within the 
mass, without syringe aspiration. Only final passes are done 
with syringe aspiration (16).

Results

The real possibilities of diagnosis of malignancy with 
adrenal biopsy are unclear.  Published studies are 

B

A

Figure 1 CT-guided adrenal biopsy: intra-procedural axial (A) and 
sagittal (B) CT view of a left adrenal gland biopsy.

BA

Figure 2 CT-guided adrenal biopsy: intra-procedural axial (A) and sagittal (B) CT view of a right adrenal gland biopsy performed with a 
trans-thoracic path.
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heterogeneous (8,24,28).
FNA biopsy is non-diagnostic in 0–28% of the cases 

(28,36,37); it depends on both the type of biopsied 
tumor and the experience of the radiologists and biopsy 
technique (38-40).

Also other factors, related to histology sampling, play a 
crucial role (41): considering only the diagnostic samples, 
Bancos et al. reported a sensitivity of 87% and a specificity 
of 100%. For diagnosing ACC, the sensitivity was 70% 
and specificity was 98%. For diagnosing metastasis of an 
extra-adrenal primary malignancy, sensitivity was 87% 
and specificity was 96% (24). As stated above, the main 
limitation of adrenal FNA consists in the difficulties to 
distinguish ACC from benign adrenal tumors. This happens 
even when the entire specimen is available, but frequently 
the paucity of tissue doesn’t allow the correct application of 
the Weiss score system (22). Interestingly, FNA sensitivity 
varies significantly when considering oncologic (100%) 
and non-oncologic patients (57%) (42,43), as consequence, 
adrenal FNA is recommended by many authors only in 
cases of suspected metastatic adrenal lesions (8,15,44).

Complications

The rate of adrenal biopsy complications varies between 
different authors. Most studies don’t describe in detail how 
complications were collected and assessed, and many are 
retrospective. Other factors are adrenal biopsy technique, 
characteristics of the lesions, and interventional radiologist’s 
experience (28). The reported complication rate was 
between 4% and 13% (38,45). In a recent meta-analysis, 
comprising of 25 studies (1,339 biopsies), complication rate 
was 2.5% therefore lower than in the previous data (24).  
Major complications include hemorrhage (the most 
f requent) ,  pancreat i t i s ,  pneumothorax  requir ing 
percutaneous drainage, hemothorax and hypertensive 
crisis (46). Minor complications include pneumothorax, 
hematomas, pain, hypertensive episodes, abdominal 
discomfort, self-limited hypotension and bradycardia 
(24,46). The most frequent complications reported are 
hemorrhage and pneumothorax (16). An extremely rare 
and delayed complication, reported mainly in studies 
from least recent years, is needle track metastasis seeding 
(47,48), more frequently encountered with primary 
ACC (27). Pheochromocytomas and paragangliomas are 
catecholamines producing tumors. Symptomatology, 
characterized as ‘‘spells’’, may be caused by uncontrolled 
secretion of catecholamines. Spells can be precipitated 

by biopsy, in patients who didn’t undergo pre-procedural 
biochemical tests to exclude pheochromocytoma (49). 
Post-biopsy patient monitoring is prudent. Depending 
on the institutions, the post-procedural observation time 
varies between 1–4 hours. When biopsies are performed 
on outpatient setting, if the patient remains asymptomatic 
and stable, is discharged after instructions about possible 
late complications and returns to hospital if having any 
subsequent suspicious symptom (16,33).

 AVS

Indications

The AVS consists of taking blood samples directly from 
the adrenal veins of each side to compare the amount of 
hormone released by each adrenal gland.

The main indication of AVS is the PA, since the 
comparison of the aldosterone production between the 
adrenal glands is essential for the treatment choice (50). 
Indeed, unilateral over-release of aldosterone is normally 
associated to aldosterone-producing adenoma (APA), 
which can be resolved by the adrenalectomy of the 
affected gland; on the contrary bilateral over-production 
of aldosterone is generally linked to idiopathic hyper-
aldosteronism (IHA), arising from idiopathic hyperplasia 
of  both g lands ,  which requires  pharmacologica l 
treatment with lifelong mineralocorticoid receptor (MR)  
blockade (51). In addition, AVS is used to provide 
lateralization in challenging situations, establishing 
unilateral aldosterone over release from small CT-
MRI-undetectable  APAs and excluding hormone 
hyperproduction in nonfunctioning adrenal  mass 
previously identified with cross-sectional imaging (50).

Conversely, the role of AVS is still controversial 
in other adrenal hormonal disorders such as Cushing 
syndrome or pheochromocytomas (52). In the first case, 
AVS is often useless given the big dimensions of Cortisol 
Producing Adenomas, which enables an easy detection 
with cross-sectional imaging; moreover, the stress 
induced by an interventional investigation can modify 
the cortisol secretion, impeding a correct lateralization 
of the disorder (52). In the second case, AVS has been 
increasingly abandoned due to potential hazards linked to 
the lack of normative concentration values for adrenaline 
and noradrenal ine in adrenal  veins and the poor 
reliability of lateralization ratios, especially in the milder 
forms (52).
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Patient preparation and technique

Since AVS is an invasive investigation, an accurate patient 
selection is necessary. According to international guidelines, 
AVS should be performed only in patients who have an 
unequivocal biochemical diagnosis of PA and are suitable 
for surgery (51,53). An optimal preparation of the patient 
should prevent all factors that can potentially influence the 
secretion of aldosterone, providing misleading results (50). 
Namely, antihypertensive drugs and MR antagonists should 
be withdrawn, if possible, or replaced with calcium-channel 
blockers (the only agents with a negligible effect on renin 
secretion) (54). Another potentially confounding factor is 
hypokalemia, since it may decrease aldosterone secretion, 
masking a unilateral APA. Thus, correction of hypokalemia 
with oral or intravenous potassium supplements before 
AVS is necessary (50). In addition, the guidelines suggest 
to perform AVS in conditions that imply a lower release 
of aldosterone, keeping the patient in the supine position 
for one hour before the procedure and avoiding emotional 
and pain-related stress, which may rise the secretion of  
ACTH (55,56).

A prior cross-sectional imaging, especially CT, may be 
helpful to plan AVS, defining the anatomy of the adrenal 
veins, namely the right one, which is featured by small 
dimensions and several anatomical variants (57).

AVS does not require the hospitalization of the  
patient (50). One of the main caveat of the procedure 
is the pulsatile secretion and the diurnal fluctuation of 
aldosterone, that may lead either to false-negative results or 
artificial gradients between the adrenal glands (58). Thus, 
some authors suggest to perform AVS in the morning, 
applying a simultaneous bilateral approach, in order to 
minimize time-related concentration changes, compared 
with sequential sampling (58). Another possible solution 
is the infusion of cosyntropin (a synthetic derivative of 
ACTH), that provides the additional benefit to highlight 
the lateralization, increasing the APA’s production of 
aldosterone and reducing the stress effects (59). In this 
case, bilateral sampling is no more needed. However, at the 
moment there is no consensus that endorses sequential AVS 
with cosyntropin stimulation over unstimulated bilateral 
AVS (60,61).

The right adrenal vein usually arises from the IVC 
and runs behind to the right, even if in 23% of patients, 
the course is to the left, and in 11–38% of patients, runs 
cranially (62).

The left adrenal vein arises from the anterior surface 

of the gland and joins the left inferior phrenic vein before 
draining into the left renal vein (63).

Some anatomical variations have been described: a 
common trunk between the right adrenal vein and an 
accessory hepatic vein in 8% of the cases, while in 10% it is 
multiple. A single case report described direct drainage of the 
left adrenal vein into the IVC (64); in up to 2% of patients 
the presence of two left adrenal veins was reported (65).

The procedure may be performed both using single or 
adjacent dual right femoral vein access sites permitting for 
sequential or simultaneous AVS, respectively (55). The 
jugular vein can be used if necessary. Recently, AVS via an 
antecubital approach was described in 190 patients as safe 
and feasible (63).

Different catheters can be used for the selective 
catheterization of the adrenal veins; the choice depends on 
operator experience, availability, and relevant anatomy (66).

The sampling of the left adrenal vein implies the 
positioning of the catheter tip just beyond the ostium of 
the left inferior phrenic vein, comprising all the ipsilateral 
adrenal tributaries (50). The right AVS is usually more 
challenging and requires the identification of the right 
adrenal vein, which must be differentiated from possible 
accessory hepatic veins (50). The correct position of the 
catheter should be confirmed before and after the blood 
uptake by the injection of very small amounts of contrast 
agents to prevent the adrenal vein rupture (50).

In rare cases where catheterization of the left or right 
adrenal vein is impossible, AVS may still be achieved with 
the catheter tip just proximal to the expected location of 
the respective adrenal vein (66). Injection of contrast is 
performed gently to prevent extravasation and/or thrombosis 
with consequent infarction. Daunt (55) describes five 
angiographic appearances of the adrenal gland and vein.

Cortisol levels obtained at each site (67). The cortisol 
levels obtained from the adrenal catheters are commonly  
10 times the value obtained from the peripheral sheath (59), 
(but a multiple of at least 2–3 times the peripheral value 
is adequate to confirm catheter placement). The ratio of 
plasma cortisol concentrations (PCC) in the considered 
adrenal vein and in the infra-adrenal IVC or a peripheral 
vein is defined by the Selectivity Index (SI) (58). The 
rationale is that cortisol is supposed to be released only from 
the adrenal cortex and that is not normally hypersecreted by 
APAs. The SI cut-off values vary according to the technique 
used for the AVS: it has been suggested the employ of SI 
values ≥2.0 under unstimulated conditions and ≥3.0 during 
cosyntropin stimulation (50). 
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If the success of catheterization is bilaterally confirmed, 
plasma aldosterone concentrations (PAC) in both adrenal 
veins should be estimated, in order to determine the 
lateralization of the hormone production. The guidelines 
suggest to normalize the PAC with the PCC values to 
get more reliable results, and to assess the lateralization 
calculating the Lateralization Index (LI), which represents 
the ratio of PAC/PCC of the dominant (higher) side over 
the one of the non-dominant (lower) side (58). Since PA 
generally arises from benign conditions, which can be also 
managed with a pharmacological approach, false negatives 
have just a mild impact on patient conditions. Thus, high 
LI diagnostic thresholds are usually endorsed in order to 
avoid false positive-related adrenalectomy. Advisable cut-off 
values for LI are ≥2.0 under unstimulated conditions and  
≥4 during cosyntropin stimulation (68). It must be noticed 
that the lateralization of aldosterone production can be 
assessed only if catheterization is bilaterally successful (50).

Unluckily, an incorrect lateralization can be demonstrated 
only after a surgical treatment, stating persistent hypokalemia 
or insuppressible PAC associated to low renin levels. 
Therefore, to prevent useless and risky surgery, all ambiguous 
results need the repetition of the AVS procedure (51).

Complications

It has been stated that when performed by skilled 
interventional radiologists, AVS is a safe procedure with a 
low rate of complications (less than 0.61% of cases according 
to recent data) (69). Major complications are represented 
by adrenal vein rupture, thrombosis, dissection, and intra- 
and periadrenal hematoma (55). In most of cases, all these 
side effects can be managed with a conservative approach 
and do not leave long-term consequences. Moreover, when 
the vascular complications involve the venous drainage of an 
APA, they can also have a paradox curative outcome (50).

Ablations

Indications of PA and clinical evaluation of the patient

PA includes percutaneous radiofrequency ablation (RFA), 
cryoablation, microwave (MW), chemical ablation and 
irreversible electroporation (IRE).

Like in other districts, these techniques are indicated 
for patients unsuitable for surgery either due to comorbid 
disease or who refuse surgery (67,70).

PA has been reported to manage all major pathologies 
affecting adrenal glands: nonfunctioning adenoma; 

functioning adenoma, including cortisol producing 
adenoma; aldosteronoma; ACC; pheochromocytoma; and 
metastasis from renal cell cancer, melanoma, and lung and 
gastrointestinal tumors (29,71-85).

The final decision for the best treatment must be 
taken by a multidisciplinary team (MT) involving the 
interventional radiologist, surgeon, endocrinologist and 
oncologist (67,70).

Risks and benefits of the PA should be discussed with the 
patient, who is typically a poor surgical candidate because of 
the presence of multiple medical and surgical comorbidities. 

The major risk of an image-guided procedure is the 
hemorrhage; all the coagulopathies should be corrected 
before the PA procedure (INR should be ≤1.5 and the 
platelet count should be >50,000/μL) (67,86).

For suspected functioning tumors, other laboratory 
data are usually analyzed, like the serum or urine assays for 
cortisol, aldosterone and catecholamines (70).

Some papers report preprocedural and periprocedural 
adrenergic blockade to prevent hypertensive crisis (70,83,87), 
which could be due of a massive release of catecholamines 
during the PA of the adrenal lesions (67,73,78,80).

Other complications of adrenal PA include thermal injury 
to adjacent structures (70,88) and they will be discussed 
below.

Before the treatment, previous CT and/or MRI should 
be evaluated to identify and to consider any critical vascular 
and non-vascular structures that lie adjacent to the adrenal 
glands (67).

Moreover, if  the target lesion is hypervascular, 
combination therapy with adrenal arterial embolization and 
PA can be applied to prevent hemorrhagic complication (89).

Although the consensus on the threshold size to 
treat has not been reached yet, it’s well established that 
the smaller the maximum lesion diameter, the greater 
the likelihood of achieving local tumor control (67), in 
particular the better treatment response has been reported 
for adrenal mass ≤5 cm (72,76,89).

The need for a pre-procedure biopsy has been discussed. 
Because no tissue is removed during PA, some authors 
reported that pre-ablation biopsy should be useful 
confirming the pathologic diagnosis and it may avoid 
unnecessary treatment of a benign tumors and an over-
estimation of ablation efficacy (90). Nevertheless a review 
of the literature showed a non-significant necessity of the 
biopsy before the ablation (70,88) when the diagnosis was 
established by clinical history and non-invasive imaging, 
the preprocedural biopsy may be avoided (88). Positive 
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urine catecholamine results obviate biopsy. FDG-PET 
has been used to differentiate benign from malignant 
adrenal tumors (91); however, functioning adenomas and 
pheochromocytomas can present false-positive lesions 
showing 18F-FDG uptake (92).

In conclusion, factors favoring biopsy are the patients’ 
preference for a definitive diagnosis, the fact that ablation 
does not yield a resection specimen and the need to set 
up follow-up (88). Some authors obtained a pathologic 
confirmation of the diagnosis with a computed tomography 
(CT)-guided biopsy performed immediately prior to 
ablation (76), with results available after completion of the 
procedure (93).

Patient positioning

Like described for percutaneous adrenal biopsies, most 
adrenal lesions are accessible via a posterior approach with 
the patient in the prone position (67). The observations 
made in the paragraph dedicated to percutaneous biopsies 
may be considered valid also for PA.

In cases in which there is no direct access to the adrenal 
glands from a posterior approach because colon or lung 
obstruct the pathway to the adrenal lesion, transhepatic or 
transpleural approaches may be used (70).

PA image guidance

The observations made in the paragraph dedicated to 
percutaneous biopsies may be considered valid also for PA.

MRI guidance has been used as the image guidance 
of the PA in other organ’s tumors, however there is not 
consensus yet about its use in adrenal PA (94,95).

Methods of percutaneous adrenal ablation

RFA
RFA consists in delivery of an alternating current, producing 
ionic agitation, which generates heat (with temperatures 
of around 50–60 ℃) thanks to the Joule effect, and cause 
coagulative necrosis of the tissue (96).

The use of RFA was described for the treatment of 
benign and malignant adrenal masses, including metastatic 
disease. The few published reports hypothesized that 
results are comparable with those of laparoscopic 
adrenalectomy (LA); authors focalized on some advantages 
like the mini-invasive of the procedure with lower 
morbidity, faster recovery, widespread availability and 

lower costs (69,70).
Operatively, the procedure is performed inserting within 

the lesion a needle electrode connected to a generator that 
produces electromagnetic waves (67) (Figure 3A,B,C,D,E). 

In 2003, Wood et al. reported the first study of imaging-
guided RFA of primary and metastatic ACCs (72): the mean 
diameter was 4.3 cm and follow up (FU) was conducted for 
a mean of 10.3 months and local control was reached in 8 
of 15 lesions. One patient developed an abscess treated with 
percutaneous drainage and antibiotics. No hypertensive 
crisis happened.

A second early series reported by Mayo-Smith  
et al. (76) included 13 tumors (1 pheochromocytoma,  
1 aldosteronoma, and 11 metastatic lesions); in a mean FU 
of 11.2 months successful treatment in 11 of 13 cases was 
revealed. Even in this study, 12 procedures were performed 
under conscious sedation and no patients had a hypertensive 
crisis. The patient with pheochromocytoma was treated for  
3 weeks with oral α-blockers and the procedure was monitored 
by a MT including an anesthesiologist experienced with 
management of surgical resection of pheochromocytoma.

Carrafiello et al. (71) supported results described by 
Mayo-Smith et al. (76), indicating that RFA is effective and 
safe for local control of adrenal metastases (88).

In 2007, Arima et al. treated patients with adrenocortical 
adenoma and Cushing’s syndrome with RFA (97). Clinical 
success was defined as improvement in serum cortisol and 
adrenocorticotropic hormone values and relief of symptoms 
(mean FU, 33 months) (97).

A report by Venkatesan et al. showed that RFA may be 
safely performed for metastatic pheochromocytoma given 
careful attention to peri-procedural management (29). 
Intra-procedural monitoring and administration of α- and 
β-adrenergic and catecholamine synthesis inhibition were 
used. Complete ablation was achieved in 85.7% of cases 
(mean FU, 12.3 months) and no major complications were 
observed (29). 

Recently, two retrospective studies compared the safety 
and efficacy of RFA with LA in treating adrenal gland’s APA 
(98,99). Comparing with LA group, RFA group registered 
less post-operative pain and shorter operative time (100) 
less blood loss and lower complication rate was provided 
with RFA (101).

These considerations lead to the conclusion that 
imaging-guided percutaneous RFA is effective, safe and it 
might be a valid alternative for surgery in selected patients 
with APA. 

However, as far as we know, in literature there are not 
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any prospective studies comparing RFA to laparoscopy 
approach yet.

Microwave ablation (MWA)
MWA uses electromagnetic energy in the microwave 
range (with frequencies of at least 900 MHz) (102) causing 
water-molecule agitation in targeted tissue resulting in 
frictional heat and ultimately cell-death from coagulative 
necrosis (87).

The advantages of MWA include higher intratumoral 
temperatures, shorter application times, larger ablation 
areas and possibly decreased pain during the procedure 
(87,103-106). 

In 2009, Wang et al. performed US-guided MWA on  
5 adrenal metastases, with no evidence of recurrence in any 
of them (mean FU, 19 months) (101).

Two years later, Wolf et al. obtained local control of 
adrenal metastases in all the 4 patients treated with MWA 
(mean FU, 14.5 months) (85).

Also,  Li  et  a l .  reported a  study of  ten adrenal 

malignancies, including adrenal metastases, treated with 
MWA: they obtained local control in all cases (mean 
FU, 11.3 months) (84). All procedures in that series were 
performed without general anesthesia. Only one patient 
experienced hypertensive crisis.

Although some authors suggested that the fast increasing 
of temperature should induce a hypertensive crisis more 
frequently than RFA, because of a difference in the setting 
of excessive catecholamine release (70,84,88), available data 
suggested that the risk with MWA may be lower, because of 
the shorter overall time needed to treat adrenal lesions. 

Cryoablation
Imaging-guided ablation with cryotherapy consists in 
cellular destruction by freezing: the cellular damages caused 
vary including direct (membranes disruption) and indirect 
lesions (ischemia and coagulative necrosis) (81).

Percutaneous cryoablation systems applied for adrenal 
tumor use argon gas under high pressure, achieving 
temperatures from −80 ℃ to less than −150 ℃ (88). The 
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Figure 3 Percutaneous CT-guided thermal ablation of a right adrenal gland tumor: CT reveals a lesion of the right adrenal gland (A); intra-
procedural axial CT views (B-D) confirm the correct position of the needle; CT scan performed during follow up reveals the complete 
ablation of the lesion (E).
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alternating cycles of freezing and thawing cause mechanical 
stress on the cellular membranes up to cell disruption (67). 
Microvascular thrombosis leads to ischemia and reduce the 
risk of bleeding (88,100,107).

Depending on the size of the tumor, cryoablation involves 
the placement from one to 15 probes under imaging guidance 
to cover the tumor and a 5-mm margin (70).

Monitoring of the area of thermal injury is possible 
observing the growing ice-ball both with CT and MRI and 
this enable to avoid damage to adjacent organs (67).

Moreover, cryoablation usually require a smaller dose of 
sedatives during the procedure because less periprocedural 
pain compared with RFA (108).

The limitations of cryoablation 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 or MWA (67,100,107).

Recently, several authors reported the efficacy of the 
cryoablation in adrenal tumors (87). 

In a technical note, Abbas et al. reported 4 patients 
treated with cryoablation for aldosteronomas (109) with 
high clinical success.

In 2011, a retrospective study of 12 patients with metastatic 
tumors to an adrenal gland measuring a mean of 2.7 cm and 
treated with cryoablation showed successful local control 
in 11 of 12 patients (mean FU, 18 months) (83). Lysed cells 
caused a greater release of catecholamines and a consequent 
hypertensive crisis during the final active thaw phase of 
cryoablation. The anesthesia team successfully managed all 
hypertensive crises: the cooperation and coordination with the 
MT can help ensure a successful outcome (70).

Chemical ablation
Adrenal lesion’s chemical ablation can be performed 
through imaging-guided percutaneous or trans-ipsilateral 
artery injection of an agent into the adrenal gland (81). 
Acetic acid or ethanol has been used. Ethanol works via 
protein denaturation leading to coagulative necrosis and 
thrombosis of small vessels (88).

Chemical ablation in the adrenal gland is typically 
performed using several small (19–22 gauge) needles placed 
under imaging guidance (67,84,85).

One of the advantages of the chemical ablation is 
the lower risk to damage adjacent organs. One of the 
disadvantages is represented by the small volume of necrosis 
obtained one treatment session, necessitating more frequent 
treatment sessions than for RFA (67,110).

For tumors <3 cm, ethanol was chosen as the chemical 

agent, in the other cases, 50% acetic acid solution mixed 
with iodized oil was chosen because of its greater ability to 
penetrate septa and to permeate within the tumor (111).

In 2008, Xiao et al. reported the largest cases-series 
of percutaneous adrenal chemical ablation included  
46 lesions (111). In a mean FU of 24 months, in the group 
of primary adrenal tumors (n=26), a complete response 
was registered in 92.3% of the cases and a partial response 
in 7.7%. In the group of adrenal metastases (n=20), a 
complete response was registered in 30% of the patients 
and a partial response in 70%. For all responders, tumor 
volume decreased gradually over the course of 2 years. All 
patients were treated without general anesthesia. No cases 
of hypertensive crisis were reported (111). 

IRE
IRE is a non-thermal ablation technique that uses short 
electric pulses to create irreversible pores in the cell 
membrane. The inability to maintain homeostasis causes 
apoptosis of the cell population in the target lesion (112). 
IRE uses needle electrodes placed in or around target 
lesion to deliver a series of brief direct-current high-voltage  
pulses (112). These electrical pulses causes muscle 
fasciculations during the procedure, so IRE requires the use 
of general anesthesia.

Because IRE destroys tissue without thermal energy, it 
can be applied close to critical structures with no injury or 
heat sink and can treat lesions within a sharp, well-defined 
border (70). This represents an interesting advantage in 
the treatment of adrenal tumors, however, significant 
studies about IRE in adrenal tumors treatment have not yet 
been reported in the literature, but it has been used in the 
management of liver and pancreatic tumors (112-114).

Thomson et al .  (115) investigated the safety of 
IRE for tumor ablation in 38 patients with 69 tumors 
unresponsive to conventional treatments. One patient 
had an unplanned insertion of an electrode tip into the 
inferior portion of the left adrenal gland during a left 
upper-pole renal IRE procedure. Although this produced 
transient hypertension, the gland appeared normal at the 
CT performed at the end of the procedure. Subsequently, 
this patient described severe postural hypotension that 
lasted for 2 months (115).

High intensity focused ultrasound (HIFU)
HIFU is a relatively new technique (116). Cavitation is 
the result of gas bubbles developing within tissues due 
to prolonged exposure to high-intensity sonographic 
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energy (116). The bursting of these bubbles within 
the tissue planes causes cell death bringing transient 
cavitation (116).

HIFU has been described as a potentially effective 
nonionizing therapy for a variety of benign and malignant 
tumours (115,117-123). However, to the best of our 
knowledge, no cases of the use of HIFU in the management 
of adrenal tumors have been reported yet (70).

Complications

Some of the possible complications of PA procedure in 
adrenal gland have already been mentioned, including 
hypertensive crisis and hemorrhage (124).

Other potential complications include thermal injury 
to adjacent organs, pneumothorax, infection, and tumor 
seeding of the ablation probe tract. 

Infection is a very rare complication of adrenal ablation 
procedure and no antibiotics are usually needed before the 
procedure (70). 

The risk of tumor seeding along the probe may be 
reduced by ablating the probe track during removal (88).

Adrenal insufficiency is extremely rare as more than 
90% of adrenal tissue must be destroyed to compromise 
biochemical adrenal function (76).

All the other considerations reported in the paragraph of 
percutaneous biopsies may be considered valid for PA.

Adrenal gland embolization

Indications and results

Adrenal artery embolization was used for different aims. 
Oncologic applications for palliation, such as pain relief, 
reduction of tumor bulk, and preoperative reduction 
of tumor vascularity represent a field of application. 
Emergency embolization for hemostasis of ruptured tumors 
with retroperitoneal hemorrhage is an additional oncologic 
application. Adrenal artery embolization has been described 
for the treatment of hyperaldosteronism, traumatic injuries 
and adrenal artery aneurysms (125). 

Tumor debulking and pain relief

Adrenal artery embolization may be considered as palliative 
of adrenal neoplasms, treatment of hyperaldosteronism in the 
setting of aldosteronoma, to bridge for adrenalectomy (126).  
Adrenal tumors, especially when large, can be painful, and 

often can be challenging for the surgeon because of the 
risk of bleeding when highly vascular. There are only few 
studies concerning experiences of arterial embolization of 
primary ACCs and adrenal metastatic lesions from renal cell 
carcinoma and melanoma. O’Keeffe et al. (127) published a 
report with a series of five patients with adrenal metastases; 
adrenal embolization resulted in effective palliation of pain; 
also, tumor volume stabilized or decreased on follow-up CT.

Prabhasavat et al. (128), in a retrospective analysis of 
three patients stated that the embolization was effective in 
reducing tumor vascularity and in pain relieving.

Sormaz et al. (129) reported a series of three patients with 
large hypervascular adrenal tumors who underwent TAE 
24 hours before adrenalectomy. Their mayor finding was a 
marked reduction in hypervascularity and a decrease in the 
size of collateral vessel and this can be helpful in reducing 
blood loss during surgery.

Although there are no conclusive data on the usefulness 
of TAE for HCC adrenal metastasis or for primitive adrenal 
carcinoma for the purpose of prolonging the overall survival 
beyond palliation, there are few case reports (124,130,131) 
that seem to suggest that embolization could have a role in 
a multidisciplinary approach setting.

The largest series of patients to date is by Yamakado 
et al. (89) and the aim was to establish the clinical utility 
of the combined therapy of radiofrequency and arterial 
chemoembolization in the treatment of patients with 
adrenal metastasis of hepatocellular carcinoma. They 
concluded that, even if the cohort of patients was small (n=6), 
the combination was safe and effective.

Hemorrhagic adrenal mass

Spontaneous adrenal hemorrhage associated with a mass is 
rare and treatment strategies are not standardized (132), but 
rupture of adrenal tumors can cause massive retroperitoneal 
bleeding. Published data are represented by only small 
series and case reports (133-138) and ideal management has 
not been clarified (125).

Sepsis, anticoagulation, bleeding disorders, trauma, 
uncontrolled hypertension, an ongoing α-blocker therapy 
are all considered risk factors that can lead to spontaneous 
hemorrhage (125).

Before any intervention, it is important to assess the 
hemodynamic stability with serial hematocrit levels and 
cardiac monitoring for hypotension. Also, a biochemical 
work-up should be performed to rule out a hormonally 
active tumor. Hemodynamic instability plays an important 
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role in the management of hemorrhagic adrenal masses, 
especially pheochromocytomas. Shock can be tracked back 
to either pure hemorrhagic, or due to a massive release 
of catecholamine associated to the haemorrhage, or to a 
sudden fall in the blood catecholamine level (139). So, in 
case of a functional tumor, especially pheochromocytomas, 
proceeding to surgery could be catastrophic for the risk of 
life-threatening hypertensive crisis or malignant cardiac 
arrhythmia; in these cases, endovascular embolization may 
be the only chance for the patient (132).

Adrenal hormone suppression

Endocrinologically active adrenal tumors treated with 
embolization include pheochromocytoma, aldosteronoma, 
adrenal cortical carcinoma, and adrenal adenoma. All 
of them can produce an excess of adrenal hormones 
(catecholamines, aldosterone, cortisol) (125). 

The first authors to report this procedure were Bunuan 
et al. in 1978 (140) with the goal to deactivate the tumor 
and to reduce perioperative complications. In their patients, 
blood pressure was effectively controlled and the removal of 
the tumor was facilitated. 

Since then, many other case reports have been published 
(141-144), but, to the best of our knowledge, randomized 
clinical trial are still lacking.

Pheochromocytomas embolization alone has proved 
to be insufficient for long-term symptom and hormone 
control and surgical resection remains the gold standard 
of treatment, also because approximately 15–17% of 
pheochromocytomas are discovered to be malignant at the 
pathological examination (145).

PA is a benign cause of secondary hypertension (10% of 
the hypertensive population). The cause is an adenoma in 
90% (Conn disease) of cases or a nodular hyperplasia in the 
remnant (146). Surgery is the therapy of choice; however, 
some patients can benefit from a superselective endovascular 
approach. Hokotate et al. (143) reported the largest series of 
33 cases of aldosteronoma treated with embolization. 

The results were encouraging: plasma aldosterone level 
returned definitively to normal in 82% of the patients after 
superselective adrenal arterial embolization with high-
concentration ethanol.

Adrenal gland hemorrhage

Adrenal gland trauma (AGT) is a rare entity because of the 
anatomic location in the retroperitoneal cavity protected by 

others organs (147).
Because of their anatomic distribution, traumatic adrenal 

hemorrhage is usually associated with multiple other 
injuries. The adrenal glands are extremely vascularized 
and an acute hemorrhage from an adrenal trauma may be 
dangerous (Figure 4A,B,C,D,E).

The incidence of adrenal injury varies from 0.15% to 4% 
in various series (148). However, adrenal hemorrhage has 
been found in 13 of 50 (26%) autopsies of patients who died 
of severe blunt trauma to the chest or abdomen (149).

Signs and symptoms are non-specific, therefore adrenal 
hemorrhage in critically ill patients is typically discovered 
on a CT (148).

Because of the rarity and heterogeneity of the clinical 
presentation and prognosis of AGT, no guidelines exist. 

A recent retrospective review from Liao et al. (150) 
concluded that extravasation in AGT seen at CECT 
requires quick treatment. In these cases, adrenal artery 
embolization could be the modality of choice.

At least four published case reports have described the 
treatment of isolated adrenal artery hemorrhage after blunt 
trauma with embolization (151-154). The procedures were 
performed with microcoils, PVA particles, and N-butyl 
cyanoacrylate glue. The procedure was effective for all the 
four patients.

Adrenal artery aneurysms 

Visceral arterial aneurysms (VAAs) are a rare entity, often 
asymptomatic, accidentally diagnosed by CT or MRI. 
Sometimes, ruptures of VAAs can require emergency 
treatment (155). In particular, data about adrenal artery 
aneurysm are limited to only few reports (156-160).

Female gender, pregnancy and portal hypertension 
represent common risk factors for adrenal artery aneurysms, 
as for others locations.

Many different embolic agents have been successfully 
used to treat these conditions and included microcoils with 
or without PVA particles and fibered platinum coils.

One case of adrenal artery pseudoaneurysm is reported 
in the literature, successfully embolized with “sandwich” 
technique (160).

Technical considerations

Anatomical aspects
Prior to adrenal artery embolization is important to 
understand the complexity of the vascular supply to the 
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adrenal glands and their high variability.
In general, the suprarenal glands are supplied by three 

main groups of arteries: superior, middle and inferior, which 
divide into 50 to 60 branches. The superior and the inferior 
groups are present in all cases; the middle vessels may be 
missing. The middle one frequently arises from the aorta 
or the inferior phrenic artery. The superior group generally 
arises from the ipsilateral inferior phrenic artery. The inferior 
group are usually branches of the ipsilateral renal artery (161).

Adrenal arteries are of small caliber, can be visualized at 
catheter aortography in 57–92% of patients without adrenal 
disease, and can occasionally be seen on abdomen CT 
acquired with small slice thickness (162).

Because of the complex vascular supply to the adrenal 
gland by three arteries, embolization of a single artery 
will not likely result in infarction of the entire gland. If 
infarction does occur, the presence of an intact contralateral 
gland will prevent the development of life-threatening 

adrenal insufficiency (125). 

Procedure, embolic agents and complications
The procedure is performed by an arterial vascular access, 
using proper sheath and catheters (133,134).

The identification of the damaged artery may require 
sequential angiographic acquisitions. Intra-procedural CBCT 
imaging associated with the use of vessel-detection software 
resulted in time-saving, because it facilitates identification of 
the damaged vessel and its embolization (163).

Each embolic agent has unique characteristics that make 
it desirable in certain clinical situations and less useful in 
others; no single embolic agent is suitable for all indications 
and, to our knowledge, there are no reports in the literature 
showing superiority of one embolic agent over others (164).

Selection of an embolic agent depends on different 
factors such as vessel size, the duration of occlusion desired, 
the need for tissue viability, and the patient’s clinical 
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Figure 4 Active bleeding of the right adrenal gland treated by embolization: axial (A) and coronal (B) view of the CT reveal an active 
bleeding of the right adrenal gland (black arrow); angiogram confirms contrast medium extravasation (black arrow) from the inferior 
suprarenal artery (C); its selective catheterization and embolization with microcoils (D); final angiogram reveals complete embolization (E).
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condition (164). 
In literature, the use of coils, polyvinyl alcohol (PVA) 

particles and gelatin sponge particles are described 
(133,149,150,161,165).

Liquid embolic agents include ethanol, bucrylate 
(isobutyl-2-cyanoacrylate), and N-butyl-2-cyanoacrylate has 
been reported in one case of traumatic adrenal hemorrhage 
and for hormonal suppression of pheochromocytoma 
(153,165,166).

Embolization procedures should be performed only by a 
well-trained and experienced physician. Complications from 
non-target vessel embolization can be disastrous (134,139), 
so attention to detail and selection of the proper agent are 
fundamental.

Patients generally tolerate adrenal artery embolization 
and post-embol izat ion symptoms can be treated 
conservatively. The most common treatment complications 
seen within the first  2 weeks after adrenal artery 
embolization are back or flank pain, slight fever, labile 
blood pressure, and modest pleural effusion. Usually, no 
further treatments are required to control postoperative 
pain. Persistent hiccups due to diaphragmatic irritation 
may occur after inferior phrenic artery embolization (127). 
Adrenal infarction or insufficiency after embolization 
has not been reported. No immediate deaths or serious 
complications have been reported (125).

Conclusions

The interventional procedures described are concerned in 
the management of the primary and secondary conditions 
of the adrenal glands.

Therapeutic procedures are less invasive, safe alternative 
or may be considered in association to surgery with high 
technical and clinical success for palliative adrenal tumor 
control, suppression of excess adrenal hormone production, 
and hemostasis of ruptured adrenal tumors, traumatic 
adrenal injury, and adrenal artery aneurysm occlusion.

New tools, like CBCT can be extremely useful when 
challenging anatomic conditions occur both in angiographic 
and percutaneous procedures.

Interventional radiology is a key component of the 
multidisciplinary team  that is required for a successful 
management of the adrenal gland pathologies.
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