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measures and analysis of remission rates in an international
cohort
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Tomaz Kocjan, Mitsuhide Naruse, Michael Stowasser, Tetsuo Nishikawa, William F Young Jr, Celso E Gomez-Sanchez, John W Funder,

Martin Reincke, for the Primary Aldosteronism Surgery Outcome (PASO) investigators*

Summary

Background Although unilateral primary aldosteronism is the most common surgically correctable cause of hypertension,
no standard criteria exist to classify surgical outcomes. We aimed to create consensus criteria for clinical and biochemical
outcomes and follow-up of adrenalectomy for unilateral primary aldosteronism and apply these criteria to an international
cohort to analyse the frequency of remission and identify preoperative determinants of successful outcome.

Methods The Primary Aldosteronism Surgical Outcome (PASO) study was an international project to develop consensus
criteria for outcomes and follow-up of adrenalectomy for unilateral primary aldosteronism. An international panel of
31 experts from 28 centres, including six endocrine surgeons, used the Delphi method to reach consensus. We then
retrospectively analysed follow-up data from prospective cohorts for outcome assessment of patients diagnosed with
unilateral primary aldosteronism by adrenal venous sampling who had undergone a total adrenalectomy, consecutively
included from 12 referral centres in nine countries. On the basis of standardised criteria, we determined the proportions
of patients achieving complete, partial, or absent clinical and biochemical success in accordance with the consensus. We
then used logistic regression analyses to identify preoperative factors associated with clinical and biochemical outcomes.

Findings Consensus was reached for criteria for six outcomes (complete, partial, and absent success of clinical and
biochemical outcomes) based on blood pressure, use of antihypertensive drugs, plasma potassium and aldosterone
concentrations, and plasma renin concentrations or activities. Consensus was also reached for two recommendations
for the timing of follow-up assessment. For the international cohort analysis, we analysed clinical data from
705 patients recruited between 1994 and 2015, of whom 699 also had biochemical data. Complete clinical success
was achieved in 259 (37%) of 705 patients, with a wide variance (range 17-62), and partial clinical success in an
additional 334 (47%, range 35-66); complete biochemical success was seen in 656 (94%, 83-100) of 699 patients.
Female patients had a higher likelihood of complete clinical success (odds ratio [OR] 2 - 25,95% CI1-40-3- 62; p=0-001)
and clinical benefit (complete plus partial clinical success; OR 2-89, 1-49-5-59; p=0-002) than male patients.
Younger patients had a higher likelihood of complete clinical success (OR 0-95 per extra year, 0-93-0-98; p<0-001)
and clinical benefit (OR 0-95 per extra year, 0-92-0-98; p=0-004). Higher levels of preoperative medication were
associated with lower levels of complete clinical success (OR 0-80 per unit increase, 0-70-0-90; p<0-001).

Interpretation These standardised outcome criteria are relevant for the assessment of the success of surgical
treatment in individual patients and will allow the comparison of outcome data in future studies. The variable
baseline clinical characteristics of our international cohort contributed to wide variation in clinical outcomes. Most
patients derive clinical benefit from adrenalectomy, with younger patients and female patients more likely to have a
favourable surgical outcome. Screening for primary aldosteronism should nonetheless be done in every individual
fulfilling US Endocrine Society guideline criteria because biochemical success without clinical success is by itself
clinically important and older women and men can also derive post-operative clinical benefit.

Funding European Research Council; European Union’s Horizon 2020; Else Kroner-Fresenius Stiftung; Netherlands
Organisation for Health Research and Development—Medical Sciences; Japanese Ministry of Health, Labour and
Welfare; Ministry of Health, Slovenia; US National Institutes of Health; and CONICYT-FONDECYT (Chile).

Introduction

Primary aldosteronism is a form of endocrine hyper-
tension characterised by inappropriately high plasma
aldosterone concentrations relative to suppressed

plasma renin.' The prevalence of primary aldosteronism
is reported as 5% in the general hypertensive population,’
increasing to 10% in referred populations and 15-20%
in patients with treatment-resistant hypertension,’
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Research in Context

Evidence before this study

Adrenalectomy is the recommended treatment for unilateral
primary aldosteronism in patients willing and able to undergo
surgery. Proportions of patients with biochemical remission
are high across various reports (96-100%); by contrast, clinical
remission has been reported for a much wider range (20-72%)
of patients. This variability might be real, across centres, or
might reflect the absence of standardised criteria and
differences in post-surgical follow-up. We noted 18 studies,
published between 1998 and 2015, in which total
adrenalectomy was used to treat unilateral primary
aldosteronism; these studies used different outcome criteria
that varied from normalisation of plasma potassium
concentrations with normalisation or improvement of blood
pressure to criteria that also took into account the use of
antihypertensive drugs and plasma aldosterone and renin
concentrations or plasma renin activities. These studies rarely
separated biochemical criteria (plasma potassium, renin, and
aldosterone measurements) from clinical criteria (blood
pressure measurements and use of antihypertensive drugs).
The assessment of biochemical success of adrenalectomy
separately from clinical success is important because a patient
with primary aldosteronism can be correctly biochemically
diagnosed and successfully treated, but maintain background
primary hypertension after successful adrenalectomy.

although estimates vary widely.* Several studies have
shown a higher prevalence of cardiovascular and
cerebrovascular morbidity and mortality in patients with
primary aldosteronism than in patients with primary
hypertension matched for age, sex, and blood pressure,™
with resolution of excess risk after surgical or specific
medical treatment.”™ As such, early diagnosis and
appropriate treatment of primary aldosteronism are
essential to minimise the increased risk associated with
this disorder.

Primary aldosteronism is classified into unilateral and
bilateral forms of the disease, which must be distinguished
because, although the unilateral form can respond well
to adrenalectomy, the bilateral form is treated with
mineralocorticoid receptor antagonists.” Although adrenal
venous sampling is the recommended procedure to
distinguish primary aldosteronism subtypes," it is not
widely available, with some centres relying on CT or MRI
for determination of lateralisation.

Surgical treatment of unilateral primary aldosteronism
should resolve the excessive aldosterone secretion in
all patients. Persistence of primary aldosteronism after
adrenalectomy suggests that the initial diagnosis was
incorrect, with the patient having bilateral rather than
unilateral primary aldosteronism. To define post-
surgical outcomes, specific clinical and biochemical
criteria are needed for persistent or recurrent disease.
Reported proportions of patients achieving clinical

Added value of this study

The Primary Aldosteronism Surgery Outcome (PASO) study
consisted of two parts. First, using the Delphi method, we were
able to reach consensus for criteria for six outcomes (complete,
partial, and absent success of clinical and biochemical outcomes)
for unilateral adrenalectomy and two recommendations for the
time and interval of follow-up. In an international multicentre
study, we applied these criteria in a retrospective analysis of a
large prospective cohort of patients who had undergone
adrenalectomy. Proportions of patients with complete clinical
success ranged from 17% to 62%; complete biochemical success
averaged 94%. Female sex and younger age were independently
associated with clinical success.

Implications of all the available evidence

This study establishes a standard set of outcome criteria for the
surgical treatment of unilateral primary aldosteronism. The
criteria are relevant for the assessment of the success of surgical
treatment in individual patients and for the comparison of
outcome data in studies. We identified that younger patients
and female patients are more likely to have a favourable
surgical outcome. These data will be useful for health-care
professionals counselling patients with unilateral primary
aldosteronism prior to adrenalectomy about the expected
post-operative clinical benefit.

remission vary widely between centres (16-72%); this
variation is attributed to several underlying factors such
as background primary hypertension, age, longstanding
primary aldosteronism, advanced renal failure, or other
comorbidities.”™ However, heterogeneity might also
reflect the absence of standardised criteria to classify
outcomes of adrenalectomy for unilateral primary
aldosteronism. As such, we hypothesised that
standardised uniform outcome criteria applied across a
large multicentre patient cohort might minimise the
previously reported variation in outcome results. Such
uniform criteria might not only improve clinical care of
patients with primary aldosteronism, but could also
provide a basis for comparison of outcome data from
different clinical centres.

The objectives of the Primary Aldosteronism Surgical
Outcome (PASO) study were to establish an international
consensus for a set of standardised criteria for clinical and
biochemical outcomes of adrenalectomy for unilateral
primary aldosteronism; to apply these criteria to follow-up
data in a large multicentre cohort of patients with primary
aldosteronism from different clinical expert centres to
calculate the proportion of patients achieving remission;
to identify the preoperative determinants of successful
outcome; and to determine the extent to which these
outcome determinants might account for differing
proportions of patients achieving complete success
between centres.

www.thelancet.com/diabetes-endocrinology Vol 5 September 2017
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Panel: International consensus on surgery outcomes for unilateral primary aldosteronism

Complete clinical success
Normal blood pressure* without the aid of antihypertensive
medication

Partial clinical success

The same blood pressure as before surgeryt with less
antihypertensive medication#§ or a reduction in blood pressure
with either the same amount or less antihypertensive
medication

Absent clinical success
Unchanged or increased blood pressuret with either the same
amount or an increase in antihypertensive medication$q

Complete biochemical success

Correction of hypokalaemial| (if present pre-surgery) and
normalisation of the aldosterone-to-renin ratio**; in patients
with a raised aldosterone-to-renin ratio post surgery,
aldosterone secretion should be suppressed in a confirmatory
testttif

Partial biochemical success

Correction of hypokalaemial| (if present pre-surgery) and a
raised aldosterone-to-renin ratio** with one or both of the
following (compared with pre-surgery): =50% decrease in
baseline plasma aldosterone concentration; or abnormal but
improved post-surgery confirmatory test result

Absent biochemical success

Persistent hypokalaemial| (if present pre-surgery) or persistent
raised aldosterone-to-renin ratio**, or both, with failure to
suppress aldosterone secretion with a post-surgery
confirmatory test#

Outcome assessment

Outcome assessment should first be done in the 3 months
post surgery, but final outcome should be assessed at
6-12 months

Annual reassessment
Outcome should be reassessed annuallyS§$§

Methods

Consensus building by the Delphi technique

For this international consensus and cohort analysis, we
used the Delphi technique®™ to reach an international
consensus for criteria for six outcomes of adrenalectomy
for unilateral primary aldosteronism—complete success
(remission), partial success (improvement), and absent
success (persistence), for both clinical and biochemical
outcomes—and recommendations for the time and
interval of follow-up. Because clinical and biochemical
outcome results in primary aldosteronism are not
a-priori linked and could depend on different
preoperative factors, these outcome parameters were
assessed and analysed separately.

www.thelancet.com/diabetes-endocrinology Vol 5 September 2017

Complete success is defined as remission, partial success as improvement, and absent success
as persistence. *Normal blood pressure as defined by the European Society of Hypertension
Guidelines” for the office or outpatient setting (systolic blood pressure <140 mm Hg and
diastolic blood pressure <90 mm Hg); home blood pressure measurement (systolic blood
pressure <135 mm Hg and diastolic blood pressure <85 mm Hg); daytime ambulatory blood
pressure monitoring (systolic blood pressure <135 mm Hg and diastolic blood pressure

<85 mm Hg); and 24 h ambulatory blood pressure monitoring (systolic blood pressure

<130 mm Hg and diastolic blood pressure <80 mm Hg). tBlood pressure responses based on
the differences between blood pressure levels that define the blood pressure categories of
hypertension,” with unchanged blood pressure levels defined as a difference (preoperatively vs
post-operatively) in systolic blood pressure of <20 mm Hg and diastolic blood pressure of

<10 mm Hg; and reduction or increase in blood pressure defined as a difference in systolic
blood pressure of 220 mm Hg or diastolic blood pressure of 210 mm Hg, or both; however, if a
change in systolic blood pressure and an opposing change in diastolic blood pressure are
reported, the blood pressure response is defined by the change in systolic blood pressure.
+Antihypertensive medication is expressed as defined daily dose (DDD), which is the assumed
average maintenance dose per day for a drug used for its main indication in adults (ATC/DDD
Index 2010). Unchanged antihypertensive medication is defined as a change (decrease or
increase) of less than 0-5 times the DDD between pre-surgery and post surgery; less
antihypertensive medication (defined as a decrease of 0-5 or more times the DDD between
pre-surgery and post surgery); and increased antihypertensive medication (defined as an
increase of 0-5 or more times the DDD between pre-surgery and post surgery). SChanges in
antihypertensive medication should be measured when the final outcome is assessed at

6-12 months, in accordance with the outcome assessment recommendation. flReduction in
blood pressureon increased antihypertensive medication is classed under the category of
absent clinical success; the same applies to an increase in blood pressure on less
antihypertensive medication. ||Hypokalaemia is defined as serum potassium of <3-6 mmol/L.
**Normalisation of the aldosterone-to-renin ratio is defined on the basis of local laboratory
reference intervals. +1If baseline plasma aldosterone is below the locally defined upper
reference limit for a saline infusion or a fludrocortisone suppression confirmatory test, then
these tests (the saline infusion and the fludrocortisone suppression confirmatory test) are
unnecessary, even if the aldosterone-to-renin ratio is raised (this corresponds to
hyporeninaemic hypoaldosteronism). $Post-surgery confirmatory test results can be defined
as complete, partial, or absent biochemical success. Complete biochemical success (normal
suppression) is defined as: plasma aldosterone <5 ng/dL (139 pmol/L), from a saline infusion
test; urinary aldosterone <10 pg/24 h, from an oral sodium loading test at the Mayo Clinic
(Rochester, MN, USA; or defined on the basis of local reference values); a decrease in plasma
aldosterone after captopril by >30%, from a captopril challenge test; or a day 4 upright plasma
aldosterone concentration of <166 pmol/L, from a fludrocortisone suppression test taken at
1000 h. Partial biochemical success (an abnormal but improved post-confirmatory test result)
is defined as: plasma aldosterone of 5-10 ng/dL (139-277 pmol/L), from a saline infusion test;
urinary aldosterone of 10-12 pg/24 h, from an oral sodium loading test at the Mayo Clinic (or
defined in accordance with local reference values); or a positive day 4 upright plasma
aldosterone concentration that is at least 20% lower than the pre-adrenalectomy value, froma
fludrocortisone suppression test taken at 1000 h. Absent biochemical success (failure to
suppress aldosterone secretion) is defined as: plasma aldosterone >10 ng/dL (>277 pmol/L),
from a saline infusion test; urinary aldosterone >12 pg/24 h, from an oral sodium loading test
at the Mayo Clinic (or defined in accordance with local reference values); a decrease in plasma
aldosterone after captopril by <30%, from a captopril challenge test; or a day 4 upright plasma
aldosterone concentration of >6 ng/dL (166 pmol/L), from a fludrocortisone suppression test
taken at 1000 h. SSAnnual reassessment includes a minimum assessment of blood pressure
and potassium concentration.

The Delphi method uses a series of questionnaires
sent to participants who were selected for their expertise in
the treatment of primary aldosteronism, wide geographical
representation, and, for this study, surgical representation.
All communication was by email and replies were
monitored by two core group members (TAW and MRe)
who did not respond to the questionnaires. The Delphi
process required four rounds of questionnaires with strict
criteria to pass consensus at each round (appendix p 8).°
Participating centres are listed in the appendix (p 9); the
process included 31 respondents (including six endocrine
surgeons) from 28 centres, with three centres (Torino,
Italy; Paris, France; and Nijmegen, Netherlands) providing

individual responses from two participants each.

For the ATC/DDD Index 2010
see http://www.whocc.no/atc_
ddd_index/ 2010
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Figure: Clinical and biochemical outcomes

Clinical (A) and biochemical (B) outcomes were assessed in accordance with the
consensus (panel). The overall clinical and biochemical outcomes of the
combined cohort are shown as proportions (C).

Application of the consensus criteria to assess outcome

We approached 15 centres of expertise to contribute
patient data, of which 12 (in Australia, France, Germany,
Italy, Japan, the Netherlands, Poland, Slovenia, and the
USA) were able to accept the invitation. Clinical and
biochemical outcomes (defined as complete, partial, or
absent success) after adrenalectomy were assessed in the
12 referral centres. Data were collected within the
prospective registries and analysed retrospectively.
Approval from local ethics committees was obtained for
the analysis of patient data in all centres. Written
informed consent from patients was obtained in all
centres apart from in Kyoto and Yokohama City because

in Japan, according to the Ethical Guidelines for Medical
and Health Research involving human subjects, this
consent is not mandatory for research that does not
involve the use of human biological specimens.
Consecutive patients from each centre who had been
adrenalectomised with follow-up data for outcome
assessment were included in the analysis (panel). We
included only patients diagnosed with unilateral primary
aldosteronism by adrenal venous sampling and all
participating centres used total adrenalectomy as the
surgical procedure for the treatment of unilateral
primary aldosteronism.

Primary aldosteronism was diagnosed in accordance
with the US Endocrine Society guideline" or the Japan
Endocrine Society guideline.® Measurements of bio-
chemical and clinical parameters and adverse events
after surgery are described in the appendix. Each centre
applied the consensus clinical and biochemical outcome
criteria to their patients and the proportions of patients
in each outcome group were calculated at 6-12 months
in accordance with the criteria for assessment of final
outcome established by the PASO consensus (panel).
Outcomes were assessed by each centre and
cross-checked by members of the core group.
Amendments were returned to participating centres for
double-checking. In addition to the outcome categories
(complete, partial, and absent success; panel), we
assessed clinical and biochemical benefit, which we
defined as the complete and partial success categories
combined.

Statistical analyses

We used IBM SPSS Statistics version 22.0 for all statistical
analyses, unless otherwise stated. The proportions of
patients with different outcomes were calculated. All
quantitative normally distributed variables are reported as
means with SDs and quantitative non-normally distributed
variables are presented as medians with IQRs. Categorical
variables are presented as absolute numbers and
percentages. We analysed quantitative normally
distributed variables using one-way ANOVA with a post-
hoc Bonferroni analysis. We analysed group differences
using Kruskal-Wallis or Mann-Whitney U tests for
quantitative non-normally distributed variables, and 2 or
Fisher’s exact tests for categorical variables.

We did a logistic regression analysis at the patient
level to identify determinants of clinical and
biochemical outcome. Odds ratios (ORs) for age were
calculated per year; for potassium ion concentration,
per 1 mmol/L; for antihypertensive medication, per
unit of defined daily dose; for estimated glomerular
filtration rate, per 1 mL/min; for systolic blood pressure,
per 1 mm Hg; for BMI, per kg/m2. For sex, female
patients were the reference group and for left ventricular
hypertrophy, undetected was the reference. For most
results, an OR greater than 1 indicates an increased
likelihood of clinical or biochemical outcome and an

www.thelancet.com/diabetes-endocrinology Vol 5 September 2017
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OR less than 1 a decreased likelihood; the exception is
for potassium ion concentration, which was analysed
for lowest values, therefore in this case an OR greater
than 1 indicates a decreased likelihood and an OR less
than 1 an increased likelihood. We accounted for centre
effects with a fixed-effect model using the Logistic
Regression Program R and did multilevel modelling by
fitting logistic regression models with centre as random
effects using SPSS. SPSS gave p values to three decimal
places. p values of less than 0-05 were considered
significant.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation,
or writing of the report. The corresponding author
had full access to all the data in the study and had
final responsibility for the decision to submit for
publication.

Results
Consensus was reached for a set of standardised criteria
for complete, partial, and absent clinical and biochemical

Total cohort Clinical success Overall  Pairwise comparison (p values)
p value
Complete Partial Absent Complete  Complete Partial vs
vspartial  vsabsent absent

Clinical outcome 705 (100%) 259 (37%) 334 (47%) 112 (16%) NA NA NA NA
Age (years) 50-8 (10-9) 464 (10-5) 53-0(10:3) 54.5 (10-0) <0001  <0-001 <0-001 0-594
Sex*

Female 311 (44%) 172 (66%) 113 (34%) 26 (23%) <0001 0035 <0001  <0-001

Male 394 (56%) 87 (34%) 221 (66%) 86 (77%) NA NA NA NA
BMI (kg/m? n=703) 276 (5-2) 26-1(5-3) 284 (47) 29.0(57) <0-001  <0-001 <0-001 0-958
Systolic blood pressure (mm Hg; n=703) 150-8 (21.5) 146-3 (19-0) 156-1 (22-6) 145-6 (20-2) <0-001 <0-001 1-000 <0-001
Diastolic blood pressure (mm Hg; n=703) 91-7 (133) 90-4 (11-9) 94-1(13-3) 87-6 (14-7) <0-001 0-002 0-161 <0-001
Known duration of hypertension 96 (42 to 179) 60 (24 to 112) 128 (60 to 205) 132 (60 to 228) <0-001  <0-001 <0-001 1.000
(months; n=612)
Antihypertension medication (defined 3:0(1-5t0 47) 2:0(1-:0to3-1) 40(23t057) 2.9 (1-8t0 4-0) <0-001  <0-001 0-005 <0-001
daily dose)
Plasma aldosterone (pmol/L; n=703) 848 (555 to 1382) 877 (591 to 1437) 868-3 (566 to 1376) 690 (466 to 1368) 0-077 NA NA NA
DRC (mU/L; n=300) 40(2:0t0 8-0) 3.0 (1-5t0 4-9) 41(2:9t09-2) 65 (3-5t014-2) <0001 0001  <0-001 0-070
ARR_DRC (n=300) 213 (91 to 423) 297 (165 to 586) 224 (86 t0391) 236 (113t0 769) <0001 0026 <0001 0-100
PRA (pmol/L per min; n=396) 3-8(13t077) 2:6 (130 6:4) 3-8(13t077) 58 (26t077) 0026 0492 0-013 0-141
ARR_PRA (n=396) 256 (116 to 648) 375 (126 to 807) 257 (116 to 625) 166 (90 to 346) 0-006 0474 0-004 0-059
Lowest serum potassium ion 31(2:7to34) 3-:0(2:6t034) 3-1(2-8t03:5) 32(2:9to3:5) 0-002 0-011 0-011 1.000
concentration (mmol/L; n=622)
Albuminuria (mg/day; n=416) 100 (2-8 t0 21-5) 10-0 (4-0 t0 15-0) 10-2 (2:8t033-4) 71 (1-4t0 19-0) 0179 NA NA NA
Creatinine (mmol/L; n=620) 70-7 (60-0 to 84-0) 61.9 (53-0to 74-3) 769 (63-6 t0 88-4) 70-8 (619 to 94-0) <0-001 <0-001 <0-001 1.000
eGFR (mL/min per 1.73 m% n=503) 84-8(703t0957)  89-0(78:9t0100-0)  79-0 (66-3t0 92-5) 77-4(61-6t093:6) <0001 <0001  <0-001 1.000
Left ventricular hypertrophy (n=455) 233/455 (51%) 61/166 (37%) 131/213 (62%) 41/76 (54%) <0001  <0-001 0-013 0-708
Diabetes (n=552) 84/552 (15%) 14/199 (7%) 48/266 (18%) 22/87 (25%) <0001 <0001  <0-001 0-238
Lateralisation index (n=675) 12.0(6-:3t026-2) 139 (6:7t0 30-0) 120 (6-:3t0257) 86 (54t017-2) 0-011 0-821 0-008 0-069
SI_RAV (n=604) 203 (5:5t0 33-8) 205 (6-8t033-3) 20-3 (570 35:0) 18.9 (4.7 t0 33-5) 0752 NA NA NA
SI_LAV (n=610) 14-0 (60 to 25-6) 12:9 (6-0 t0 24-3) 145 (5-8t0 27-2) 14-8 (7-8 0 25-5) 0386 NA NA NA
Contralateral ratio (n=607) 0-3(0-2t0 0-7) 0-3(0-1to 0-6) 0-3(0-1t0 0-7) 0-4 (0-2t0 0-7) 0-056 NA NA NA
Presence of contralateral suppression 519/607 (86%) 195/221 (88%) 248/289 (86%) 76/97 (78%) 0-069 NA NA NA
(n=607)
Ipsilateral ratio (n=524) 4-6 (2-6t0 8-7) 44 (2-6t0 8-4) 4-6 (2-7t0 8-3) 5-5(2-7t012-2) 0343 NA NA NA
Adrenal nodule (mm; n=603) 13(9to 17) 15 (10to 18) 12 (9to 16) 11(7to17) <0-001 0-002 0-002 0917
Systolic blood pressure at follow-up 128-8 (13:6) 120:9 (9:5) 132:0 (12:6) 137-4 (15-8) <0-001  <0-001 <0-001 <0-001
(mm Hg; n=703)
Diastolic blood pressure at follow-up 81-3(10-0) 76-8 (73) 83-0 (10-0) 86-5(11-0) <0-001 <0-001 <0-001 0-002
(mm Hg; n=703)
Defined daily dose at follow-up 0-7 (0-0to 2'5) 0-0 (0-0to 0-0) 1.5 (0:-5t03.0) 3.0 (1-5t0 4-9) <0-001  <0-001 <0-001 <0-001
Pre-post Delta systolic blood pressure 22.0 (22:0) 25-3(19:8) 24-1(22:0) 82(22:1) <0-001 1.000 <0-001 <0-001
(mm Hg; n=703)

(Table 1 continues on next page)
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Total cohort Clinical success Overall  Pairwise comparison (p values)
p value
Complete Partial Absent Complete Complete Partial vs
vspartial  vsabsent absent

(Continued from previous page)
Pre-post Delta diastolic blood pressure 105 (13-9) 137 (11.9) 11-1(13-1) 1-1(165) <0-001 0-067 <0-001 <0-001
(mm Hg; n=703)
Pre-post Delta defined daily dose 1.7 (0-5t0 3-0) 2:0(1-0to3-1) 2:0(1-0to03-4) -1.5(-0-8t0 1.0) <0-001 1-000 <0-001 <0-001
Pre-post Delta systolic blood pressure 133% (13-1) 161% (117) 14-1% (12-0) 4-5% (15-1) <0-001 0-172 <0-001 <0-001
(% [SD]; n=703)
Pre-post Delta diastolic blood pressure 10-0% (14-8) 14-0% (11-8) 10-7% (12-6) 1-3% (20'5) <0-001 0-015 <0-001 <0-001

(% [SD]; n=703)

Pre-post Delta defined daily dose (% [IQR]) ~ 76-2% (37-1t0 100) 100% (100 to 100) 53-8% (33-5t077-8)  -172% (-83-2t033-3) <0-001  <0-001 <0-001 <0-001
Data are mean (SD), n (%), n/N (%), or median (IQR), unless stated otherwise. All variables refer to baseline data unless otherwise stated. p values of less than 0-05 were considered significant. Adrenal nodule refers to
diameter of largest nodule at pathology. Systolic blood pressure, diastolic blood pressure, and defined daily dose at follow-up refer to variables measured at 6-12 months. Pre-post Delta systolic blood pressure, diastolic
blood pressure, or defined daily dose refer to the difference between pre-surgical and post-surgical blood pressures (systolic or diastolic blood pressure) or antihypertensive drug doses (defined daily dose). Defined daily
dose is calculated according to the ATC/DDD Index 2010. Left ventricular hypertrophy was assessed with echocardiography. Lateralisation index: ([aldosterone]/[cOrtisol])y, i aeniven/ ([aldOSterone]/[cortisol ],
senatvin) - SI_RAV: [COTtiSON ]y syenatvnd [COTEISON ] peraveinr SI_LAV: [COMiSON ]y renatvein/ [COTISON ], er e CONtralateral ratio: ([aldosterone]/[cortisol],., ot adenaven)/ ([aldOSterone]/[cortisol ], ye.en)- Contralateral suppression
defined as contralateral ratio less than 1. Ipsilateral ratio: ([aldosterone]/[cortisol],, «)/([aldosterone]/[cortisol ], vir)- NA=not applicable. DRC=direct renin concentration. ARR=aldosterone-to-renin ratio.
ARR_DRC=ARR calculated with the DRC. PRA=plasma renin activity. ARR_PRA=ARR calculated with the PRA. eGFR=estimated glomerular filtration rate. SI_RAV=selectivity index of the right adrenal vein.

SI_LAV=selectivity index of the left adrenal vein. *p values are differences between sexes.

von-dominant
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success based on blood pressure, use of antihypertensive
drugs, plasma potassium and aldosterone concentrations,
and plasma renin concentrations or activities (panel).
In terms of follow-up interval, the consensus view was that
the first post-surgical outcome assessment of at least blood
pressure and plasma potassium concentration should be
done within the first 3 months to adjust antihypertensive
medication and correct hypokalaemia or hyperkalaemia if
necessary. Final outcome (blood pressure, plasma
potassium and aldosterone concentrations, and plasma
renin concentrations or activities) should be assessed at
6-12 months after adrenalectomy and reassessed at yearly
intervals indefinitely to exclude persistence or reoccurrence
of the disease.

The consensus criteria were used to assess the
proportions of patients with complete, partial, or absent
clinical and biochemical success in 12 international
expert clinical centres, each contributing 30-99 con-
secutively operated (unilateral laparoscopic adren-
alectomy) patients with adequate follow-up data to assess
outcome (705 patients in total). The period of patient
inclusion and the numbers of patients diagnosed with
unilateral primary aldosteronism during the same
period are shown in the appendix (p 10).

Across the 12 centres, the proportions of patients
achieving complete clinical success varied widely by
contrast with consistently high proportions of patients
with complete biochemical success (figure); biochemical
data were available for 699 (99%) of the 705 patients with
clinical data (six patients did not have adequate
biochemical follow-up to assess outcome). Complete
biochemical success was seen in 656 (94% [range
83-100]) of 699 patients, whereas only 259 (37% [range
17-62]) of 705 patients achieved complete clinical success

(figure, tables 1, 2). Improvement in blood pressure
control (partial clinical success) was attained in a further
334 (47% [range 35-66]) of the 705 patients, resulting in
normalisation or improvement in blood pressure in
more than 80% of patients.

Protocols for adrenal vein sampling differed between
study centres (appendix pp 11-22). We therefore
compared outcomes and baseline characteristics of
patients after subdivision by adrenal vein sampling
procedure used (unstimulated vs adrenocorticotropic
hormone 1-24  stimulation) or interpretation
(lateralisation index <4 vslateralisation index =4). Clinical
outcome was not significantly affected by the use of an
unstimulated or stimulated protocol (appendix pp 23-24)
or by a lateralisation index of less than 4 or of 4 or more
(appendix pp 25-26).

Unadjusted baseline data for all centres combined for
clinical and biochemical outcomes are shown in tables 1
and 2 and the appendix (p 27); these data show that most
patients with primary aldosteronism had a history of
hypertension of greater than 6 years, were hypokalaemic,
and had reduced renal function. Equivalent data for each
referral centre are shown in the appendix (pp 11-22). For
the pooled data, we identified significant differences
between patients with different outcomes in unadjusted
clinical outcomes for 19 of 25 measurements (table 1).
For Dbiochemical outcomes, fewer differences were
apparent; however, plasma aldosterone, creatinine,
lateralisation index, contralateral suppression, contra-
lateral ratio less than 1, and adrenal nodule size differed
significantly between patients with different outcomes
(table 2). Unadjusted analyses of patients with complete
success compared with those with partial and absent
clinical success combined, and of patients with complete
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and partial success combined compared with those with
absent clinical success are shown in the appendix
(pp 28-29 and 30-31, respectively).

We analysed factors associated with clinical and
biochemical outcome by assessing ORs in unadjusted
and adjusted analyses (table 3). We identified factors
independently associated with complete success in an
adjusted analysis by comparing the proportion of patients
with complete success with the proportion with partial
and absent success combined (table 3). Baseline systolic

blood pressure was the only factor independently
associated with complete biochemical success: patients
with higher blood pressure had an increased likelihood
of complete success (table 3). Complete clinical success
was associated with four variables: female sex, lower age,
fewer antihypertensive medications as measured by
defined daily dose, and absence of left ventricular
hypertrophy (table 3).

Five factors were independently associated with clinical
benefit when the proportion of patients with complete

Total cohort Biochemical success Overall p Pairwise comparison (p values)
value
Complete Partial Absent Complete Complete  Partial vs
vs partial  vs absent absent
Biochemical outcome 699 (100%) 656 (94%) 27 (4%) 16 (2%) NA NA NA NA
Age (years) 50-8 (10-9) 50-8 (10-9) 51.8 (9-9) 487 (12:5) 0718 NA NA NA
Sex*

Female 308 (44%) 291 (44%) 12 (44%) 5 (31%) 0-580 NA NA NA
Male 391 (56%) 365 (56%) 15 (56%) 11 (69%) NA NA NA NA
BMI (kg/m?; n=697) 276 (52) 27:6 (5:2) 256 (53) 300 (6:6) 0-037 0142 0-235 0-025

Systolic blood pressure 150-8 (21:5) 151-3 (21-6) 1424 (20-7) 145-8 (13-1) 0-094 NA NA NA
(mm Hg; n=697)
Diastolic blood pressure 91.8 (13-3) 92.0(13-3) 867 (14-5) 91.5(10-6) 0-332 NA NA NA
(mm Hg; n=697)
Known duration of 96 (39t0177) 96 (36 t0 168) 120 (63t0 188) 152 (420 241) 0-187 NA NA NA
hypertension (months; n=606)
Antihypertension medication 3:0 (1:5t0 4-7) 3.0 (1-5t047) 3.0(2:0t035) 4.0(2:0t054) 0-476 NA NA NA
(defined daily dose)
Plasma aldosterone 858 (558 t0 1382) 860 (566 to 1393) 768 (580t0 1617) 518 (333 to 901) 0-013 1.000 0-010 0-036
(pmol/L; n=697)
DRC (mU/L; n=294) 40 (2:0t0 8-0) 40 (2:0t0 8-0) 115 (6110 14-9) 6-1(3-2t014-0) 0185 NA NA NA
ARR_DRC (n=294) 210 (89 to 414) 216 (93 to 423) 64 (37 t0 154) 110 (59 to 277) 0-079 NA NA NA
PRA (pmol/L per min; n=396) 3-8 (13t077) 3-8(13t077) 2:6(1-3t051) 5-8(3-8t077) 0-450 NA NA NA
ARR_PRA (n=396) 256 (116 to 648) 267 (117 to 643) 236 (112 to 876) 79 (43 t0 129) 0-050 NA NA NA
Lowest serum potassium ion 3:1(27to3:5) 31(27t03-4) 33(3:0t03:6) 3-:0(2:6t034) 0-108 NA NA NA
concentration (mmol/L; n=616)
Albuminuria (mg/day; n=410) 100 (2-8t0 21.5) 100 (2-7to 21-1) 10-2 (53 t0 24-5) 6-1 (4-5t0 14-0) 0-745 NA NA NA
Creatinine (mmol/L; n=614) 707 (60-0 to 84-0) 70.7(60-0to 85-3) 61.9 (53-0t0 70-7) 707 (65-4 t0 85:7) 0013 0014 1.000 0068
eGFR (mL/min per 1.73 m? 84-8 (70-3t0 95-7) 84-5 (70-1to 95-3) 87-3(76-8 0 95-0) 88.8 (55-0t0 103-6) 0487 NA NA NA
n=497)
Left ventricular hypertrophy 233/449 (52%) 221/428 (52%) 8/18 (44%) 419 (44%) 0-778 NA NA NA
(n=449)
Diabetes (n=546) 84/546 (15%) 78/516 (15%) 3/25 (12:0%) 3/11(27%) 0-504 NA NA NA
Lateralisation index (n=669) 11.9 (6-3t0 26-1) 12:4(6-5t0 27-1) 6-5(3-1t0113) 5-7 (44 t010-0) <0-001 0-001 0-012 1-000
SI_RAV (n=598) 20-3 (55 t0 33-8) 203 (5710 34-2) 205 (3-6 t0 28-6) 166 (3-2t032:0) 0-469 NA NA NA
SI_LAV (n=604) 14-0 (60 t0 25-6) 14-0 (6110 25:5) 131 (5210 26-8) 142 (41t0232) 0-962 NA NA NA
Contralateral ratio (n=601) 0-3(0-2t0 0-7) 0-3(0-2t0 0-6) 0-6 (0-3to1-2) 0-6 (0-2t0 2-5) 0-002 0-007 0177 1-000
Presence of contralateral 519/601 (86%) 494/570(87%) 18/25 (72%) 7/12 (58%) 0-004 0-431 0-008 0-249
suppression (n=601)
Ipsilateral ratio (n=518) 46 (2:610 8-7) 46 (2:6t087) 53(2:9to7-3) 6-4 (2:5t019-9) 0-858 NA NA NA
Adrenal nodule (n=597) 13 (9t017) 13(10t017) 8 (7o 15) 14 (7t0 19) 0-016 0-012 1:000 0-232
Systolic blood pressure at 1287 (13-7) 128-4 (13-5) 1329 (16-6) 136-2 (12:9) 0-020 0-268 0-069 1.000
follow-up (mm Hg; n=697)
Diastolic blood pressure at 812 (10.0) 81.0(9-8) 84-0(13-1) 869 (8:1) 0-022 0-359 0-058 1-000
follow-up (mm Hg; n=697)

(Table 2 continues on next page)
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Total cohort Biochemical success Overall p Pairwise comparison (p values)
value
Complete Partial Absent Complete Complete  Partial vs
vs partial  vs absent absent

(Continued from previous page)
Defined daily dose at follow-up 0-6 (0-0t0 2:5) 0-5(0-0to 2:5) 1.0 (0-3t0 2-0) 22 (1.0to 4-2) 0-002 0-433 0-004 0-281
Pre-post Delta systolic blood 22.1(22-0) 22.9 (22:0) 9.5 (20-9) 9.7 (17-1) 0-001 0-006 0-050 1.000
pressure (mm Hg; n=697)
Pre-post Delta diastolic blood 10-5 (13-9) 11.0 (13-8) 2:6 (17:5) 47(9-5) 0-002 0-006 0-219 1.000
pressure (mm Hg; n=697)
Pre-post Delta defined daily dose 1:6 (0-5t03-0) 1.7(0:5t03-0) 1.5(0-5t02:3) 0-8 (-0-7to 4-4) 0-271 NA NA NA
Pre-post Delta systolic blood 13-3% (13-1) 13-8% (12-9) 5-5% (13-6) 6-0% (11-4) <0-001 0-003 0-053 1.000
pressure (% [SD]; n=697)
Pre-post Delta diastolic blood 10-0% (14-8) 10-6% (14-2) 0-4% (24-3) 4-4% (10-3) <0-001 <0-001 0-286 1.000
pressure (% [SD]; n=697)
Pre-post Delta defined daily 767% (36:7t0100-0)  82:2% (40-0t0100-0)  50-0% (33-3t090-0)  27-4% (-50-1t070-9)  <0-001 0-120 0-002 0-396

dose (% [IQR])

Data are mean (SD), n (%), n/N (%), or median (IQR), unless stated otherwise. All variables refer to baseline data unless otherwise stated. p values of less than 0-05 were considered significant. Adrenal nodule refers to
diameter of largest nodule at pathology. Systolic blood pressure, diastolic blood pressure, and defined daily dose at follow-up refer to variables measured at 6-12 months. Pre-post Delta systolic blood pressure, diastolic
blood pressure, or defined daily dose refer to the difference between pre-surgical and post-surgical blood pressures (systolic or diastolic blood pressure) or antihypertensive drug doses (defined daily dose). Defined daily

senatvin) - S1_RAV: [COMtiSON ]y senatuind [COTEISON ] raveinr SI_LAV: [COMiSON oy enavein/ [COMISON ], er e CONtralateral ratio: ([aldosterone]/[cortisol],, ot adenaven)/ ([aldOSterone]/[cortisol ], e.en)- Contralateral suppression
defined as contralateral ratio less than 1. Ipsilateral ratio: ([aldosterone]/[cortisol]qpum suenatver)/ ([aldosterone]/[cortisol] ., a.er)- NA=not applicable. DRC=direct renin concentration. ARR=aldosterone-to-renin ratio.
ARR_DRC=ARR calculated with the DRC. PRA=plasma renin activity. ARR_PRA=ARR calculated with the PRA. eGFR=estimated glomerular filtration rate. SI|_RAV=selectivity index of the right adrenal vein.

SI_LAV=selectivity index of the left adrenal vein.*The p value is for sex in general.

Table 2: Characteristics of patients with unilateral primary aldosteronism, stratified by biochemical outcome
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and partial success combined was compared with the
proportion with absent success (table 3). Female
sex, younger age, and lower BMI were independent
determinants of clinical benefit. Patients with higher
systolic blood pressure and higher antihypertensive
medication use at baseline were also more likely to obtain
clinical benefit from adrenalectomy (table 3).

In a comparison of complete with absent success,
lower age and female sex were associated with clinical
success and BMI was inversely associated with clinical
and biochemical success (table 3).

Sex distribution between centres varied widely from
24% to 60% female, with nine of the 12 centres enrolling
more men than women. Notwithstanding this bias, 11 of
the 12 centres reported more women than
men showing complete clinical remission, with
172 (55%) of 311 women versus 87 (22%) of 394 men
achieving complete clinical success, whereas a greater
proportion of men had partial or absent clinical success
(partial success: 113 [36%)] of 311 women vs 221 [56%)] of
394 men; absent success: 26 [8%] of 311 women vs
86 [22%)] of 394 men).

The mean age at presentation ranged from 47-7 years
(SD 10-3) in Paris to 54-4 years (11-1) in Sendai, a
difference of almost 7 years, which might reflect
international differences in referral patterns. The mean
age of patients who achieved complete clinical success
was 46-4 years (10-5), which was significantly lower than
the age of patients who achieved partial success (53 -0 years
[10-3]; p<0-001) and patients who had an absent clinical
outcome (54-5 years [10-0]; p<0-001).

Adjustment for the confounding effect of centres
showed a marginal effect on the associations of female
sex (OR 2:26, 95% CI 1.36-3.77), younger age
(OR 0-95 per extra year, 0-93-0-98), and lower
antihypertensive medication use (OR 0-72 per unit
increase, 0-62-0-83) with clinical remission (appendix
p 32). Lower age remained a determinant of complete
clinical success (OR 0-94 per extra year, 0-90-0-98)
when the adjusted analysis was restricted to men
(appendix p 33).

We used multilevel modelling to analyse between-
centre heterogeneity; when we built the model from
centre up, age and sex seemed to account for much of
the heterogeneity across centres (data not shown).

Discussion

In this study, we have established a consensus on
criteria to define the outcome of adrenalectomy for
unilateral primary aldosteronism—a consensus built
using the Delphi method of iterative questionnaires to
a panel of expert participants.® This method is
particularly appropriate to reach consensus on
controversial themes with divergent published
evidence. Central to this method is participant
anonymity within the expert panel, with communication
via email to a monitoring group. This approach avoids
the potential for an emotionally charged atmosphere
associated with renowned experts discussing complex
issues, the effect of dominant individuals, and the
incentive for self-censorship. Furthermore, because
communication is by email, no restrictions on
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Clinical outcome

Biochemical outcome

Unadjusted analysis

Adjusted analysis Unadjusted analysis

Adjusted analysis

0dds ratio (95% Cl) p value

Odds ratio (95% Cl) ~ pvalue Odds ratio (95% Cl) ~ pvalue

Odds ratio (95% Cl)  p value

Complete success versus partial plus absent success

Age (peryear) 0-94 (0-92-0-95) <0-001
Lowest serum potassium ion 164 (1-22-2-21) 0-001
concentration (per 1 mmol/L)

Antihypertension medication 0-68 (0-62-0-75) <0-001
(per 1 unit of defined daily dose)

eGFR (per 1 mL/min per 1.73 m?) 1.02 (1-01-1-03) <0-001
Systolic blood pressure (per 1 mmHg) ~ 0-98 (0-98-0-99) <0-001
BMI (per 1 kg/m?) 0-90 (0-87-0-93) <0-001
Sex (reference: female) 4-37 (3-16-6-07) <0-001
Left ventricular hypertrophy 253 (1.71-3.76) <0-001

(reference: not detected)

Complete plus partial success versus absent success

Age (per year) 0-96 (0-94-0-98) <0-001
Lowest serum potassium ion 1.53(1-03-2-29) 0-036
concentration (per 1 mmol/L)

Antihypertension medication 1.08 (0-99-1-19) 0-086
(per 1 unit of defined daily dose)

eGFR (per 1 mL/min per 1.73 m?) 1-01 (1-00-1-03) 0-018
Systolic blood pressure (per1 mmHg) ~ 1-01 (1-00-1-03) 0-005
BM!I (per 1 kg/m?) 0-95 (0-91-0-98) 0-004
Sex (reference: female) 3-06 (1-94-4-97) <0-001
Left ventricular hypertrophy 114 (0-70-1-88) 0-601

(reference: not detected)

Complete success versus absent success

Age (per year) 0-93 (0-90-0-95) <0-001
Lowest serum potassium ion 1.94 (1-26-3-03) 0-003
concentration (per 1 mmol/L)

Antihypertension medication 0-83 (0-74-0-94) 0-002
(per 1 unit of defined daily dose)

eGFR (per 1 mL/min per 1.73 m?) 1-03 (1-02-1-05) <0-001
Systolic blood pressure (per 1 mmHg)  1-00 (0-99-1-01) 0-767
BMI (per 1 kg/m?) 0-91 (0-87-0-95) <0-001
Sex (reference: female) 6-54 (3:98-11-04) <0-001
Left ventricular hypertrophy 2.02 (1-17-3-51) 0-013

(reference: not detected)

0-95 (0-93-0-98) <0-001 1.00 (0-97-1-03) 0911 098 (0-94-1-02) 0324
1-43 (0-95-2-15) 0-086 1.56 (0-86-2-88) 0147 1-43 (0-69-2-95) 0339
0-80 (0-70-0-90) <0-001 0-96 (0-85-1-09) 0-480 0-87 (0-74-1-02) 0-094
1.01 (1-00-1-02) 0083 0-99 (0-98-1-01) 0374 0-99 (0-97-1-01) 0169
0-99 (0-98-1-01) 0287 1.02 (1-00-1-04) 0-025 1.03 (1-01-1-05) 0013
0-98 (0-94-1-03) 0380 1.02 (0-96-1-08) 0-617 0-95 (0-88-1-02) 0149
2.25 (1-40-3-62) 0-001 1.22 (0-65-2:33) 0538 0-99 (0-42-2-32) 0-977
1.61 (1-01-2-59) 0-047 075 (0-34-1-64) 0-470 070 (0-30-1-62) 0-403
0-95 (0-92-0-98) 0-004 1.02 (0-97-1-06) 0431 1.03 (0-96-1-11) 0523
1.18 (0:70-2-00) 0-540 0-92 (0-35-2-51) 0-872 0-90 (0-26-3-12) 0-866
1.27 (1-08-1-50) 0-005 0-88 (0-75-1-07) 0175 079 (0-61-1-01) 0-062
1.01 (1-00-1-02) 0368 1.01(0-98-1-04) 0-553 1.01(0-97-1-04) 0716
1.03 (1-01-1-04) 0-003 1.01 (0-99-1-04) 0352 1.03 (0-99-1-07) 0-140
0-90 (0-85-0-96) 0-001 0-93 (0-85-1-01) 0-071 0-89 (0-79-1-00) 0-043
289 (1-49-5-59) 0-002 175 (0-63-5-62) 0-302 1.91(0-41-8-99) 0-413
1-39 (0-76-2-54) 0290 076 (0-19-2-90) 0-682 0-54 (0-12-2-37) 0416
0-92 (0-88-0-96) <0-001 1.02 (0-97-1-06) 0-441 1.02 (0-95-1-10) 0549
124 (0-64-239) 0519 0-95 (0-36-2-58) 0917 0-98 (0-28-3-47) 0-969
1.05 (0-86-1-28) 0-609 0-88 (0-75-1-07) 0177 078 (0-61-1-00) 0-054
1.01(0-99-1-03) 0177 1.01(0-98-1-04) 0583 1.00 (0-97-1-04) 0-819
1.02 (1-00-1-04) 0-082 1.01(0-99-1-04) 0319 1.03 (0-99-1-07) 0137
0-91 (0-85-0-97) 0-004 0-93 (0-85-1-01) 0-081 0-88 (0-79-0-99) 0-039
4-48 (2-10-9-60) <0-001 1.75 (0-63-5-62) 0303 1-90 (0-40-8-97) 0418
1.89 (0-90-3-99) 0093 0-75(0-18-2-87) 0-670 0-54 (0-12-2-34) 0-405

Logistic regression analyses were done at the patient level to identify factors associated with clinical and biochemical outcome. Eight covariates were entered into each model and their unadjusted odds ratios
(ORs) are shown with the corresponding ORs adjusted for the confounding effects of the other covariates in the model. For most results, an OR greater than 1 indicates an increased likelihood of clinical or
biochemical outcome and an OR less than 1 a decreased likelihood; the exception is for potassium ion concentration, which was analysed for lowest values, therefore in this case an OR greater than 1 indicates a
decreased likelihood and an OR less than 1 an increased likelihood. The final adjusted models included data from 414 patients with complete data for all eight variables (clinical outcome: complete [n=158],
partial [n=192], absent [n=64]; biochemical outcome: complete [n=387], partial [n=18], absent [n=9]). eGFR=estimated glomerular filtration rate.

Table 3: Baseline factors associated with clinical and biochemical outcomes after adrenalectomy for unilateral primary aldosteronism

participant selection exist, theoretically allowing the
inclusion of unlimited numbers of experts without
geographical constraints.

Researchers have reported the outcome of unilateral
adrenalectomy for primary aldosteronism in previous
studies, but these studies used divergent and ill-defined
criteria with variable follow-up intervals to assess
outcome.”? Qutcome results vary widely across
studies and might underestimate or overestimate the
real outcome effects. Remission of blood pressure has
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been reported in 20-72% of patients,”” which is close
to the results of our study (17-62%), in which we
applied uniform criteria. Therefore the variability of
blood pressure remission cannot be accounted for by
an absence of standardised criteria or differences in
post-surgical follow-up protocols. However, using
standardised criteria, we report more variation of
biochemical outcome (83-100%) than with previous
reports (96-100%),”" suggesting an overestimation of
the real effects of adrenalectomy in earlier studies.
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The utility of the consensus lies not only in the
comparison of outcome data for clinical and scientific
studies, but also in its application as a quality measure of
patient diagnoses. As such, complete biochemical
success reflects the correct diagnosis and treatment of
unilateral primary aldosteronism; the partial and absent
biochemical success categories identify those patients
with bilateral primary aldosteronism with asymmetrical
bilateral aldosterone production rather than unilateral
primary aldosteronism. Clinical outcome is not only
dependent on biochemical outcome, but also on other
factors such as pre-existing primary hypertension, age,
duration of hypertension, and renal function.

Of the 12 international centres that submitted data for
sequential patients in which the complete, partial, and
absent criteria were strictly observed, nine followed
the US Endocrine Society guidelines" and three the Japan
Endocrine Society guidelines® for pathways and
procedures for diagnosis. No discernible differences were
seen by following one guideline rather than the other
with respect to the proportion of patients classified as
having complete, partial, or absent success after surgery.
Analysis of individual and group data pinpointed at least
three factors associated with complete clinical success or
clinical benefit: age, sex, and defined daily dose of anti-
hypertensive medication. Our results show that younger
patients are more likely than older patients to show
complete clinical success after adrenalectomy and that
women, on average, have a better chance post surgery of
complete clinical success than men. Young and female
patients also showed a higher likelihood of clinical benefit
(complete and partial success) from surgery. Higher BMI
was associated with an increased likelihood of absent
clinical and biochemical success. The reason for this
finding is unclear, but could be related to higher
aldosterone levels in patients with obesity.”

Partial clinical success occurred in almost half of
patients, with an average reduction in blood pressure of
24/11 mm Hg. Such an effect also confers clinical benefit
for the patient because a decrease in blood pressure, with
or without a decrease in antihypertensive medication
use, translates to improved long-term cardiovascular
outcomes.”

The finding of a substantial difference between women
and men presumably reflects the vasoprotective role of
oestrogens before menopause, lessening the likelihood of
irreversible vascular damage. Similarly, the older the
patient (male or female), the higher the likelihood of such
damage and the higher the probability of associated
primary hypertension. The results of biochemical
outcome of adrenalectomy are mainly determined by the
correct diagnosis of unilateral aldosterone excess and a
completely performed adrenalectomy. Removal of the
source of aldosterone excess should therefore normalise
the biochemical abnormalities. By contrast, clinical
outcome is not only dependent on normalisation of
aldosterone secretion, but also on the existing deleterious

vascular and renal changes determined by the duration of
the preceding aldosterone-induced hypertension.

Our outcome study had several important strengths:
clinical and biochemical outcomes have been addressed
separately; the criteria were stringently applied to a large
international cohort of patients and every patient with the
required outcome data could be systematically classified
in accordance with the Delphi-defined criteria; and all
patients were diagnosed for surgically amenable treatment
by adrenal venous sampling. The main limitation of our
study is that our database did not have hard endpoint
outcomes and therefore we were unable to validate our
surgical outcome criteria. This limitation will be addressed
in a prospective multicentre validation study that is
currently being planned, which will include measures
of cardiovascular morbidity and mortality. Additional
limitations are the absence of ambulatory blood pressure
monitoring at baseline and post surgery to provide a more
standardised assessment of blood pressure response to
adrenalectomy and the unavoidable use of arbitrary
criteria to define improvement of blood pressure control
in terms of reductions in antihypertensive medication.

In conclusion, the PASO consensus offers feasible
criteria  for the classification of outcomes of
adrenalectomy for the treatment of unilateral primary
aldosteronism. The variation in baseline characteristics
of the cohort contributes to the wide variation in clinical
outcomes. Younger patients and female patients have a
higher chance of complete clinical success and clinical
benefit. Screening should still be done in every individual
fulfilling the guideline criteria" because biochemical
cure is by itself clinically important and because older
women and men can also derive post-operative clinical
benefit. Our findings can help clinicians to inform and
counsel patients about expectations after surgery based
on age and sex.
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