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Abstract
Primary aldosteronism (PA) is associated with resistant hypertension and cardiovas-
cular events. There are some limitations of current medical and surgical therapies 
for PA. To determine the efficacy and safety of catheter-based adrenal artery abla-
tion for treatment of PA patients who refused both surgery and medical therapy, 
we performed this prospective cohort study. Thirty-six PA patients without appar-
ent aldosteronoma were treated by adrenal artery ablation. Primary outcome was 
postoperative blood pressure and defined daily dose (DDD) of antihypertensive 
medications after adrenal ablation. Secondary outcome was biochemical success. 
We assessed outcomes based on Primary Aldosteronism Surgical Outcome (PASO) 
criteria. Adrenal CT scan, biochemical evaluation, adrenal artery ablation and adre-
nal venous sampling (AVS) were underwent. After adrenal ablation, complete clini-
cal success (normotension without antihypertensive medication) was achieved in 
9/36 (25.0%) patients and partial clinical success (reduction in blood pressure or less 
antihypertensive medication) in 13/36 (36.1%) patients. Complete biochemical suc-
cess (correction of hypokalemia and normalization of aldosterone-to-renin ratio) was 
achieved in 16/36 (44.4%) patients. Office-based and ambulatory blood pressures 
were reduced by 17/7 and 11/2 mmHg at 6 months after ablation, respectively. The 
plasma cortisol level in the ablation group decreased slightly, but no patient devel-
oped hypoadrenocorticism. Catheter-based adrenal ablation appears to produce 
substantial and sustained blood pressure reduction and biochemical improvement, 
with only minor adverse events in PA patients without apparent aldosteronoma. This 
therapy could be an important supplement for current PA treatments.
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1  | INTRODUC TION

Primary aldosteronism (PA) is the main cause of secondary hyper-
tension, affecting 5%-15% of the general hypertensive population.1,2 
The prevalence of PA is 15%-20% in patients with resistant hyper-
tension.3 Early diagnosis and treatment are of crucial importance 
because patients with PA are more susceptible to cardiovascular 
and cerebrovascular morbidity and mortality than blood pres-
sure-matched hypertensive patients.4-6 Currently, mineralocorticoid 
receptor (MR) antagonists and laparoscopic adrenalectomy are the 
principal treatments for PA. However, recent studies showed that 
long-term MR antagonist therapy did not reduce the risk of car-
diometabolic events and death in PA patients with persistent renin 
suppression,7-9 and high dose of MR antagonist likely causes side ef-
fects.10-13 Laparoscopic adrenalectomy is recommended for patients 
with aldosterone-producing adenoma (APA) or unilateral adrenal hy-
perplasia.1 Incidence of atrial fibrillation, heart failure, chronic kidney 
disease, and all-cause mortality is lower with adrenalectomy than 
with MR antagonist therapy.7-9,14,15 During the past two decades, 
catheter-based arterial embolization or computed tomography (CT)-
guided radiofrequency thermogenesis has been used for aldoster-
onomas treatment.16,17 Although these procedures are claimed to 
be effective for treatment of aldosteronomas, the evidence comes 
mostly from case reports or small series.18,19 Furthermore, it is un-
clear whether these procedures can be applied in PA patients with-
out apparent aldosteronoma. In addition, some PA patients refuse 
surgery and are intolerant to the adverse effects of MR antagonists; 
others have persistence of PA after adrenelectomy, but respond 
poorly to MR antagonists. An alternative therapy is needed in such 
cases. We hypothesized that catheter-based adrenal artery ablation 
could be a suitable alternative approach. To our knowledge, adrenal 
artery ablation has so far not been applied to treat patients without 
apparent aldosteronoma. This study aimed to evaluate the efficacy 
and safety of catheter-based adrenal artery ablation in the treatment 
of PA patients who are reluctant to surgery and medication.

2  | METHODS

2.1 | Patients, intervention, and follow-up

One thousand and twenty hypertensive patients above 30  years 
of age attending the hypertension center at Chongqing, China be-
tween January 2018 and December 2018 were approached for 
enrollment in this prospective study. Hypertensive patients were 
willing to participate and then hospitalized for further evaluation. 
Antihypertensive medications that affect the renin-angiotensin-al-
dosterone system were stopped for two weeks, diuretics and MR 
antagonists were withdrawn for at least 4 weeks before ARR test-
ing. Hypertensive patients with mild hypertension were prescribed 
with verapamil and/or terazosin based on Endocrine Society Clinical 
Practice Guideline.1 However, some patients with high-grade hy-
pertension continually administrated antihypertensive medications 

because of safety concerns. Patients with positive aldosterone-to-
renin ratio (ARR  >  20 ng/dL·ng/mL/h) underwent one of the fol-
lowing confirmatory tests: saline infusion test (2 L of isotonic saline 
administered within 4 hours) or captopril inhibition test (50 mg of 
captopril orally). Adrenal CT scan and adrenal venous sampling (AVS) 
were performed for subtype classification of the PA. The PA patients 
were counseled on the various treatment options, including surgery, 
medications, and adrenal artery ablation. Patients were eligible for 
adrenal ablation only if (a) they refused medication treatment due to 
intolerance of side effects; (b) they had no apparent aldosteronoma 
but had lateralization by AVS, and refused the adrenalectomy be-
cause of surgical risk; (c) patients had persistent PA after adrenalec-
tomy, but did not appear adrenocortical insufficiency and failed to 
medication treatment. Exclusion criteria were (a) history of serious 
contrast agent allergy; (b) complication with severe liver diseases; (c) 
history of myocardial infarction and stent implantation within the 
past 3  months; (d) renal insufficiency, with serum creatinine >176 
mmo/L; (e) pregnancy or lactation; (f) history of participation in an-
other clinical trial in the past 3 months; or (g) any serious comorbidity.

AVS was performed in PA patients who desire to accept adrenal 
artery ablation. Traditionally, AVS has been performed via the fem-
oral vein, with which the success rate of bilateral blood collection 
is reported to be about 31%-82%. However, a study reported that 
the success rate of bilateral blood collection by AVS via the anterior 
cubital vein is 87.6%.20 We therefore opted for the upper extremity 
route (median cubital vein or basilic vein). Successful sampling was 
determined by high selectivity index (cortisol in the adrenal vein/
cortisol  ≥  2 subclavian vein without adrenocorticotropic hormone 
simulation). To correct for the dilution effect of the inferiorphrenic 
vein flow into the common phrenic trunk, the right and left adre-
nal vein aldosterone concentrations were divided by the respective 
cortisol concentrations. These cortisol-corrected ratios were used 
to determine the aldosterone lateralization index. A lateralization 
index ≥ 2 was indicated the excessive unilateral aldosterone produc-
tion based on an expert consensus on use of AVS for the subtyp-
ing of PA.21 The effect of adrenal ablation was evaluated by repeat 
AVS in some patients who consented to the examination. Adrenal 
artery ablation was performed as described previously,16,18 with 
some modifications. After local anesthesia at the puncture point, a 
6F introducer sheath (10 cm; Cordis, USA) was inserted through the 
radial artery using a modified Seldinger catheterization technique. 
The sheath was heparinized (50 U/kg). Then, a 5F MPA1 diagnostic 
catheter (125 cm; Cook Medical lnc., Bloomington, IN, USA) was in-
jected with a 0.035” HiWire angled hydrophilic guidewire(260 cm, 
Cook Medical, Bloomington, IN, USA), and iodinated contrast agent 
was injected at the level of T12–L1vertebrae. After confirming the 
adrenal artery on digital subtraction angiography, the 0.014” periph-
eral guidewire (300 cm, ASAHI INTECC, Japan) was used to cooper-
ate with 1.7F-2.1F microcatheter (eV3 Neurovascular, Inc.) to enter 
the adrenal artery. Under morphine or intravenous anesthesia, 1-2 
mlanhydrous ethanol was injected slowly through the microcatheter, 
taking care to avoid reflux of anhydrous ethanol into collateral ves-
sels. Successful embolization of the supplying artery was indicated 
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by retention of the contrast agent within the lumen of the supplying 
artery, with no forward flow. If some forward flow of contrast was 
detected, anhydrous ethanol was injected again (Figure S1). Blood 
pressure, electrocardiogram, and patient complaints were closely 
monitored throughout the procedure and treated as and when nec-
essary. Patients were followed up at 1, 3, and 6 months after the 
procedure. At each follow-up visit, patients underwent physical 
examination, blood pressure measurement, and blood biochemical 
analysis. Any adverse events were recorded. An independent data 
and safety monitoring group reviewed the results and serious ad-
verse events. The study protocol was approved by the Institute 
Research Ethics Committee of Hospital. Informed consent was ob-
tained from all patients before each procedure. This trial was regis-
tered with ClinicalTrials.gov, number NCT 03398785.

2.2 | Outcomes and definitions

Primary outcome was clinical success of blood pressure reduction. 
Secondary outcome was biochemical success. Clinical and bio-
chemical outcomes were assessed based on Primary Aldosteronism 
Surgical Outcome (PASO) criteria and were classified as complete 
success, partial success, or absent success.22 Complete clinical suc-
cess is defined as normotension without the aid of antihypertensive 
medication. Partial clinical success is defined as the same blood 
pressure as before treatment with less antihypertensive medication 
or a reduction in blood pressure with either the same amount or less 
antihypertensive medication. Absent clinical success is defined as 
unchanged or increased blood pressure with either the same amount 
or an increase in antihypertensive medication. Complete biochemi-
cal success is defined as correction of hypokalaemia (if present pre-
treatment) and normalization of the ARR; in patients with a raised 
ARR after treatment, aldosterone secretion should be suppressed 
in a confirmatory test. Partial biochemical success is defined as cor-
rection of hypokalaemia (if present pre-treatment) and a raised ARR 
with one or both of the following (compared with pre-treatment): 
≥50% decrease in baseline plasma aldosterone concentration; or 
abnormal but improved post-treatment confirmatory test result. 
Absent biochemical success is defined as persistent hypokalaemia (if 
present pre-treatment) or persistent raised ARR, or both, with failure 
to suppress aldosterone secretion with a post-treatment confirma-
tory test.

2.3 | Statistical analysis

We assumed at least a different of 20 mmHg and a standard devia-
tion (SD) of 18 mmHg of the change in systolic blood pressure from 
baseline to 6  months. A sample size of 28 patients is determined 
to detect the benefit of adrenal artery ablation. Assuming a drop-
out rate of 20%, a total sample of 34 patients were targeted. The 
final sample size was 36 patients. The Shapiro-Wilk test was used 
to determine the normality of distribution of continuous variables. 

Normally distributed variables were summarized as means (±SD), 
and non-normally distributed variables as medians (interquartile 
range). Categorical variables were summarized as percentages. 
The comparisons of clinical success, biochemical improvement, 
and anthropometric measurement were using 1-way ANOVA with 
Games-Howell multiple comparisons test or Kruskal-Wallis 1-way 
ANOVA (independent k-samples) to analyze data with an abnormal 
distribution. The cortisol comparison between the baseline and at 
6-month follow-up was done by using 2-tailed unpaired Student t 
test. Statistical analysis was conducted using SPSS 13.0 (SPSS Inc., 
Chicago, IL, USA) or GraphPad Prism software, version 5.0 (Graph 
Pad software Inc., San Diego, CA, USA).Two-sided P < .05 indicated 
statistical significance.

3  | RESULTS

3.1 | Baseline characteristics of the patients

One hundred and one PA patients were screened out from 1020 
hypertension patients. Among them, 5 patients refused to partici-
pate in this study, 25 patients with APA were recommended for 
laparoscopic adrenalectomy, 34 patients desired to receive medica-
tion, and the remaining 36 patients opted to adrenal artery ablation 
(Figure 1). Finally, 32 patients who refused medication and surgery, 
and 4 patients with persistent PA after adrenalectomy and medica-
tion were treated with catheter-based adrenal artery ablation. The 
baseline characteristics are summarized in Table 1.

3.2 | Concordance between CT imaging and AVS

CT scan confirmed that these PA patients without apparent al-
dosteronoma had adrenal hyperplasia and/or nodules. AVS showed 
the lateralization of aldosterone production was as follows: (a) in 8 
cases with bilateral hyperplasia, 6 cases of ipsilateral aldosterone 
hypersecretion and 2 cases of contralateral aldosterone hypersecre-
tion; (b) in 13 cases of unilateral hyperplasia, 5 cases of ipsilateral 
aldosterone hypersecretion and 8 cases of contralateral aldosterone 
hypersecretion; and (c) in 11 cases with normal bilateral adrenals, 5 
cases of bilateral aldosterone hypersecretion, and 6 cases of unilat-
eral aldosterone hypersecretion (Figure 2). The rate of inconsistency 
between CT and AVS was 50% in the 32 cases, excluding 4 cases of 
persistent PA after adrenalectomy

3.3 | Effect of adrenal artery ablation on PA

We decided to ablate the lateralized adrenal gland based on AVS. 
Clinical success in PA patients with ablation was shown in Table 2. 
After adrenal artery ablation, the reduction in systolic and diastolic 
blood pressures was 20 ± 17 and 16 ± 10 mmHg in PA patients with 
complete clinic success, respectively, and the reduction in systolic 
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and diastolic blood pressures was 30 ± 20 and 14 ± 8 mmHg in PA 
patients with partial clinical success, respectively. The median re-
duction in office-based and ambulatory blood pressures was 17/7 
and 11/2  mmHg, respectively. The complete clinical success (dis-
continuation of antihypertensive medication) was achieved in 9/36 
(25.0%) patients, and partial clinical success (improvement in blood 
pressure control) was achieved in 13/36 (36.1%) patients. The over-
all clinical success rate was 61.1% after adrenal artery ablation in 
patients. Biochemical improvement in PA patients with ablation was 
shown in Table 3. Increment of serum potassium was also seen in 
patients with partial clinical success (pre- and post-ablation change, 
−0.66 ± 1.05). Reduction of ARR was seen in patients with partial 
clinical success (30.50 [12.45, 60.40]) in patients. Complete bio-
chemical success was observed in 16/36 (44.4%) patients and partial 
biochemical success in 1/36 (2.8%) patients. Reduction of excessive 
aldosterone secretion on the ablation side was confirmed by AVS 
in the 6 patients who agreed to a repeat examination at 6 months 
(105.67 ± 64.44 vs 54.40 ± 36.23 ng/mL). Meanwhile, the DDD re-
duced in both complete and partial clinical success in patients (from 
1.00 [0.00, 1.70] to 0 in complete clinical success, and from 1.40 
[1.13, 2.54] to 1.00 [0.00, 2.08]). Adrenal artery ablation did not af-
fect the anthropometric parameters (Table S1).

3.4 | Effect of adrenal artery ablation on persistent 
PA after adrenalectomy

In addition, we also performed adrenal artery ablation in 4 pa-
tients who had persistent PA and poorly responded to medical 
treatment after adrenalectomy (Table S2). A remarkable reduction 

in office-based blood pressures was observed after ablation (with 
mean blood pressure changed from 158/92  mmHg to 128/82 
mmHg). Meanwhile, the DDD was also reduced from 105.10 [105.00, 
108.90] to 30.00 [11.36, 60.50]. Their biochemical parameters were 
significantly improved after adrenal ablation. No apparent reduc-
tion of plasma cortisol level was found in those 4 patients (from 
207.50  ±  46.00  ng/mL to 219.80  ±  42.06  ng/mL). Furthermore, 
adrenocortical insufficiency did not occur in these patients after 
follow-up.

3.5 | Safety of procedure

We also evaluated intraoperative complications and safety of ad-
renal artery ablation. Plasma cortisol level decreased slightly from 
256.1 ± 87.31 ng/mL before ablation to 214.7 ± 44.18 ng/mL after 
ablation (P = .01), but no clinical manifestations of adrenal cortical dys-
function (eg, hyponatremia and hypotension) were observed after fol-
low-up. Adrenal artery ablation by ethanol might cause a transient rise 
in blood pressure. To avoid the hypertensive crisis, intravenous sodium 
nitroprusside was injected timely. Very few patients suffered from a 
decrease in blood pressure and heart rate due to pain-induced vagal 
reflex, which can be remitted by administration of atropine or dopa-
mine intravenously. Post-procedure adverse events mostly occurred 
within 3  days of adrenal artery ablation, which included back pain 
(5/36, 13.9%), abdominal distension (6/36, 16.7%), nausea and vom-
iting (3/36, 8.3%), pruritus (1/36, 2.8%), and numbness of puncture 
side limbs (1/36, 2.8%). These symptoms generally subsided without 
treatment within 3 days; however, 2 patients required analgesics after 
ablation. There were no serious procedure-related complications.

F I G U R E  1   Flowchart of the study. 
Numbers at each follow-up are those 
of patients who had attended each 
predefined visit at the time. Two patients 
lost to follow-up at the visit time. Data 
from patients who had no less than 
3 mo follow-up were enrolled in the final 
analysis (n = 36)
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4  | DISCUSSION

Catheter-based adrenal ablation therapy showed a promising effi-
cacy and did not cause hypocorticism and serious adverse events 
in PA patients. This procedure could be a useful treatment for PA 
patients who refuse surgery and show poor compliance with MR an-
tagonist treatment.

MR antagonists have been the main treatment options for PA pa-
tients who are not suitable for surgery.1,23 However, recent studies 
showed that long-term MR antagonist treatment led to cardiovas-
cular events and target organ damage in PA patients.5,7-9 Currently, 
there are no perspective randomized control trials on long-term ef-
fect of MR antagonists. Several studies have shown that high-dose 
MR antagonist therapy causes gynecomastia, mastodynia, and hy-
perkalemia commonly occurred in patients treated with spironolac-
tone.11,13 Other nonendocrine and adverse effects include muscle 
cramps and nonspecific neuropsychiatric symptoms such as fatigue 
and general weakness.12 In our study, partial patients opted for ad-
renal ablation because they were unable to tolerate the side effects 
of MR antagonists.

For patients with APA or unilateral adrenal hyperplasia, the 
Endocrine Society guidelines recommend laparoscopic adrenalec-
tomy.1 It should be noted that the curative effect of adrenalectomy 
is dependent on successful AVS. Besides functional aldosteronoma, 
lateralization of the source of the excessive aldosterone secretion 
could frequently exist in PA patients with adrenal normal-appear-
ing, micronodularity, bilateral masses, or atypical unilateral mass.24 
However, most centers rely on adrenal CT for determination of fit-
ness for adrenalectomy21. But, radiographically identified adrenal 
nodules are not always the source of the excessive aldosterone.24,25 
One systematic review showed an overall discordance between CT 
and AVS results of ~40% in PA patients.26 Our results showed that 
discordance between CT and AVS was 50 % in PA patients without 
apparent aldosteronoma. Thus, relying only on CT image may lead to 
inappropriate treatment of substantial patients with PA.

In addition, some patients with PA are reluctant to undergo sur-
gery or long-term MR antagonist treatment, and partial patients 
refuse further medication after failure of adrenalectomy. Chemical 
(ethyl alcohol) or physical (radiofrequency) adrenal ablation might be 
an alternative treatment in these situations.16,17 Current study was 
different in that we included PA patients without apparent aldoster-
onoma. No serious adverse events occurred in our patients during or 
following ablation. The main complications were postoperative back 
pain and abdominal pain. Importantly, no patient developed adre-
nal insufficiency over the follow-up period. Previous studies have 
reported that adrenal ablation by ethanol injection might lead to hy-
pertensive crisis because of sympathetic nervous system activation. 
Therefore, intensive blood pressure monitoring is essential during 
the procedure.

The complete clinical success rates through adrenalectomy in PA 
patients varied widely (27%-52%) in previous reports.27,28 Recently, 
the PASO study established a set of standardized criteria for re-
porting clinical and biochemical outcomes of adrenalectomy for 
unilateral PA.22 These criteria allow comparison of outcomes of dif-
ferent therapies.29,30 We used the PASO criteria to evaluate clinical 
and biochemical success in this study. Patients treated with adre-
nal ablation had more marked decrease in blood pressure and were 
able to reduce DDD of their antihypertensive drugs. The complete 
clinical success rate (25%) after adrenal ablation in this study was 

TA B L E  1   Baseline characteristics of PA patients without 
apparent aldosteronoma

Characteristic (n = 36)

Age—y 48.4 ± 12.5

Male sex—no. (%) 21 (58.3)

Body-mass index—kg/m2 24.9 ± 3.26

Fasting blood glucose— mmol/L 5.44 ± 0.72

Waist circumstance—cm 87 ± 9

Blood pressure—mmHg

Systolic 149 ± 22

Diastolic 91 ± 16

Heart rate—beats/min 80 ± 10

Serum potassium—mmol/L 3.63 ± 0.61

Plasma aldosterone in supine position— ng/dL 18.91 ± 3.85

Plasma renin activity in supine position— ng/mL/h 0.57 (0.17, 
0.71)

Plasma aldosterone-to-renin ratio 35.00 (26.00, 
93.00)

Defined daily dose (DDD) 1.27 (1.00, 
1.93) 

CT imaging features

No change 11(34.4)

Unilateral adrenal hyperplasia 13 (40.6)

Bilateral adrenal hyperplasia 8 (25.0)

Patients receiving (drug class)

α-1 blockers 6 (16.7)

ACE inhibitors/ARBs 13 (36.1)

β blocker 5 (13.9)

Calcium-channel blocker 21 (58.3)

Diuretics 4 (11.1)

TC—mmol/L 4.12 ± 1.18

TG—mmol/L 2.07 ± 1.22

HDL-c—mmol/L 1.08 ± 0.21

LDL-c—mmol/L 2.79 ± 0.66

Note: Data are mean ± SD, median with interquartile range, or n (%).The 
body-mass index is the weight in kilograms divided by the square of the 
height in meters. The results of CT imaging did not include 4 patients 
who had PA recurrence after surgery.
Abbreviations: ACE, angiotensin-converting enzyme inhibitor; ARB, 
angiotensin II receptor blocker; DDD, Defined daily dose; HDL-c: 
high-density lipid-cholesterol; LDL-c: low-density lipid-cholesterol; SD, 
standard deviation; TC, total cholesterol; TG, triglycerides.
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equivalent to that achieved with unilateral adrenalectomy in a recent 
study (27%).28 However, the biochemical success rate was lower 
with adrenal ablation than with adrenalectomy. It is not surprising 
because, unlike adrenalectomy, ablation only partially destroys ad-
renal function.

Catheter-based adrenal artery ablation has several advan-
tages. First, it is a suitable treatment for patients who refuse med-
ical and surgical treatment and for patients in whom a previous 

adrenalectomy has failed. Second, it is a minimally invasive and less 
time-consuming procedure. Third, adrenalectomy can be under-
taken again if adrenal ablation fails. It deserves to be mentioned 
that full embolization of adrenal arteries can be technical demanding 
because these vessels are slender and occasionally anatomic varia-
tions. Successful adrenal artery ablation requires a multidisciplinary 
team, comprising endocrinologist, hypertension specialist, urologist, 
and cardiologist besides the radiologist.

F I G U R E  2   Concordance between CT imaging and AVS laterality. There were 11 patients with normal bilateral adrenals, 13 with unilateral 
hyperplasia, and 8 with bilateral hyperplasia. In the Figure, data are expressed as n(%). The four APA patients with recurrence PA after 
surgery were excluded from this analysis. For patients with either no change or bilateral hyperplasia, only AVS can distinguish the ipsilateral 
or contralateral laterality. APA, aldosterone-producing adenoma; AVS, adrenal vein sampling; CT, computed tomography

TA B L E  2   Effect of adrenal artery ablation on clinical success in PA patients

Variable

Clinical success P value

Complete (n = 9, 
[25.0%])

Partial (n = 13, 
[36.1%])

Absent (n = 14, 
[38.9%]) Overall

Completevs 
Partial

Completevs 
Absent

Partial vs 
Absent

Pre-ablation

Age—y 48.78 ± 6.48 48.15 ± 15.38 48.43 ± 13.36 .994 .991 .996 .999

Blood pressure—mmHg

Systolic 142 ± 19 159 ± 25 144 ± 19 .109 .184 .974 .196

Diastolic 93 ± 13 97 ± 14 84 ± 18 .116 .815 .360 .134

Heart rate—beats/
min

83 ± 12 78 ± 8 79 ± 11 .589 .597 .746 .972

DDD 1.00 [0.00, 1.70] 1.40 [1.13, 2.54] 1.00 [0.70, 1.50] .047 .029 .705 .041

Post-ablation

Blood pressure—mmHg

Systolic 122 ± 10 129 ± 14 140 ± 15 .012 .405 .008 .136

Diastolic 77 ± 9 83 ± 12 89 ± 13 .062 .454 .040 .356

Heart rate—beats/
min

77 ± 10 73 ± 9 71 ± 11 .419 .671 .428 .849

DDD NA 1.00 [0.00, 
2.08]

1.00 [0.19, 1.13] NA NA NA .6539

Pre- and post-ablation change

Blood pressure—mmHg

Systolic 20 ± 17 30 ± 20 4 ± 19 .003 .396 .114 .004

Diastolic 16 ± 10 14 ± 8 -5 ± 11 <.001 .891 <.001 <.001

Note: Data are mean ± SD, or median with interquartile range.
Abbreviations: DDD, Defined daily dose; SD, standard deviation.
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4.1 | Limitations

This study was not randomized allocation of patients to the differ-
ent treatment groups due to ethical reasons. Although we evalu-
ated the subtype of PA by CT scan following the guidelines on PA, 
the microadenomas were unable to excluded through imaging in 
this study. It would be preferred to assess adrenal insufficiency 
by ACTH stimulation test after adrenal ablation. The results may 
be various which is dependent on a team with experience in AVS 
and the vascular interventional therapy. A randomized clinical trial 
comparing catheter-based adrenal artery ablation versus adrenal-
ectomy and MR antagonist treatment is necessary to confirm the 
findings of this trial.

5  | CONCLUSIONS

Adrenal artery ablation appears to be an effective and safe treat-
ment for PA. The procedure can be applied in PA patients who refuse 
surgery and cannot tolerate MR antagonist treatment. This therapy 
might be an important supplement to traditional treatments for PA.

6  | PERSPEC TIVES

Evidence-based clinical guidelines for PA treatment focus on medi-
cations and surgery. However, long-term MR antagonist treatment 
increases the risk for incident cardiovascular events and death. 
Although adrenalectomy can achieve remission of patients with al-
dosteronoma, surgery is not indicated in most PA patients, and some 
patients are reluctant to start long-term medication. In addition, a 
proportion of patients with aldosteronoma fail surgical treatment. 
Catheter-based adrenal ablation is an alternative to conventional 
therapies. The results of the present study support the efficacy and 
safety of this technique. This approach can be useful for patients 
without aldosteronoma and would help reduce their future cardio-
vascular risk. Further exploration of the potential of catheter-based 
adrenal ablation procedure in the treatment of PA is warranted.
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TA B L E  3   Effect of adrenal artery ablation on biochemical improvement in PA patients

Variable

Biochemical improvement P value

Complete (n = 9, 
[25.0%])

Partial (n = 13, 
[36.1%])

Absent (n = 14, 
[38.9%]) Overall

Complete 
vs Partial

Complete 
vs Absent

Partial vs 
Absent

Pre-ablation

Serum potassium—mmol/L 4.11 ± 0.33 3.29 ± 0.68 3.54 ± 0.52 .006 .004 .013 .548

Plasma aldosterone in 
supine position—ng/dL

20.75 ± 4.03 17.36 ± 2.11 19.07 ± 4.50 .165 .126 .647 .436

Plasma renin activity in 
supine position—ng/mL/h

0.69 [0.64, 0.73] 0.46 [0.10, 0.57] 0.54 [0.10, 0.82] .085 NA NA NA

Plasma aldosterone-to-
renin ratio

34.00 [25.25, 
35.75]

38.00 [31.00, 
120.00]

37.00 [25.25, 
125.00]

.622 NA NA NA

Post-ablation

Serum potassium—mmol/L 4.22 ± 0.67 4.08 ± 0.67 4.00 ± 0.41 .681 .885 .656 .927

Plasma aldosterone in 
supine position—ng/dL

15.44 ± 5.05 17.50 ± 3.92 18.15 ± 4.76 .388 .580 .433 .925

Plasma renin activity in 
supine position—ng/mL/h

1.01 [0.11, 2.88] 1.65 [0.29, 3.86] 0.10 [0.10, 1.09] .048 1.000 .469 .045

Plasma aldosterone-to-
renin ratio

13.00 [6.50, 
19.50]

11.50 [5.00, 
66.75]

90.00 [17.00, 
210.00]

.035 1.000 .265 .037

Pre-and Post-ablation Change

Serum potassium—mmol/L −0.34 ± 0.34 −0.66 ± 1.05 −0.16 ± 1.28 .485 .604 .879 .545

Plasma aldosterone in 
supine position—ng/dL

4.75 ± 5.75 0.40 ± 5.15 0.92 ± 6.13 .239 .250 .343 .973

Plasma renin activity in 
supine position—ng/mL/h

−0.19 [−2.61, 
0.59]

−1.01 [−3.84, 
−0.05]

0.00 [−0.54, 
0.39]

.072 NA NA NA

Plasma aldosterone-to-
renin ratio

14.00 [9.25, 
17.50]

30.50 [12.25, 
60.40]

28.00 [18.50, 
48.50]

.085 NA NA NA

Note: Data are mean ± SD, or median with interquartile range.
Abbreviation: SD, standard deviation.
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