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Abstract

Background Primary aldosteronism (PA) is the most common cause of secondary hypertension. Surgery is the

mainstay of treatment for unilateral dominant PA, but reported cure rates varies. The aim of the present study was to

investigate contemporary follow-up practices and cure rates after surgery for PA in Sweden.

Methods Patients operated for PA and registered in the Scandinavian Quality Register for Thyroid, Parathyroid and

Adrenal Surgery (SQRTPA) 2009–2015 were identified. Patient data were extracted, and follow-up data

(1–24 months) was recorded. Doses of antihypertensive medication and potassium supplementation were calculated

using defined daily doses (DDD), and the Primary Aldosteronism Surgical Outcome (PASO) criteria were used to

evaluate outcomes.

Results Of 190 registered patients, 171 (47% female, mean age 53 years, median follow-up 3.7 months) were

available for analysis. In 75 patients (44%), missing data precluded evaluation of biochemical cure according to the

PASO criteria. Minimal invasive approach was used in 168/171 patients (98%). Complication rate (Clavien-Dindo

[3a) was 3%. No mortality was registered. Pre/postoperatively 98/66% used antihypertensives (mean DDD 3.7/1.5).

89/2% had potassium supplementation (mean DDD 2.0/0) before/after surgery. Complete/partial biochemical and

clinical success according to the PASO criteria were achieved in 92/7% and 34/60%, respectively.

Conclusion In this study, reflecting contemporary clinical practice in Sweden complete/partial biochemical and

clinical success after surgery for PA was 92/7% and 34/60%. Evaluation of biochemical cure was hampered by lack

of uniform reporting of relevant outcome measures. We suggest mandatory reporting of surgical outcomes using the

PASO criteria for all units performing surgery for PA.

This paper was presented as an oral presentation at the IAES meeting/

48th World Congress of Surgery August 11–15, 2019 in Kraków,

Poland.
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University Hospital, Lund, Sweden

4 Department of Surgical Sciences, Uppsala University,

Uppsala, Sweden

5 Department of Surgical and Perioperative Sciences, Umeå
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Introduction

Primary aldosteronism (PA) is a disease caused by an

overproduction of aldosterone from the cortex of one or

both adrenal glands [1]. The prevalence is reported as

5–13% in the general hypertensive population [2–4] mak-

ing it the most common cause of secondary hypertension,

often associated with hypokalaemia [5, 6]. A two to five

times increased risk of myocardial infarction, coronary

heart disease, heart failure and atrial fibrillation has been

reported in patients with PA compared to matched patients

with essential hypertension [7]. In the long-term, PA causes

fibrosis and remodelling in critical organs which leads to

increased risk of cardiovascular, renal and cerebrovascular

morbidity and mortality [8–10].

In more than 90% of patients, PA is caused by uni- or

bilateral idiopathic adrenal hyperplasia or an adrenocortical

adenoma [11]. After confirmatory testing, the recom-

mended procedure to differentiate between unilateral and

bilateral overproduction is adrenal venous sampling (AVS)

[12]. Patients with bilaterally increased aldosterone pro-

duction and patients with unilateral disease who are not

candidates for surgery are best treated with mineralocorti-

coid receptor antagonists (MRA) [13], whereas unilateral

dominant PA is a potentially surgically curable condition

[14].

Definitions of cure after surgery for PA have been

diverse and reported cure rates from different centres range

from 16 to 72% [15–19]. Data from population-based

series are scarce. Recently, uniform reporting criteria for

outcome after surgery for PA have been proposed. The

primary aldosteronism surgical outcome (PASO) study

[20] developed consensus criteria for both clinical and

biochemical outcomes. In summary, six outcomes were

defined in the study: clinical outcome (complete, partial

and absent success) and biochemical outcome (complete,

partial and absent success). Clinical outcome evaluation is

based on blood pressure and use of antihypertensive drugs.

Biochemical outcome is based on potassium, aldosterone

and renin concentrations. The aim of this register-based

study was to investigate actual follow-up routines, and

contemporary outcomes of surgical treatment for unilateral

dominant PA in Sweden using the PASO criteria.

Methods and materials

All registered patients with PA who underwent unilateral

adrenalectomy in Sweden between January 2009 and

December 2015 were identified in the Scandinavian

Quality Register for Thyroid, Parathyroid and Adrenal

Surgery (SQRTPA), https://sqrtpa.se. The SQRTPA started

in 2004 and from 2009, it incorporated adrenal procedures.

It is recognized by the Swedish National Board for Health

and Social Welfare as the national quality registry for

endocrine surgical procedures in Sweden. The quality of

data is checked by external audit, comparing registered

data to hospital medical records. Data quality is overall

good, with an error rate of\5%.

The SQRTPA has a variable for preoperative aldos-

terone-to-renin ratio (ARR) but does not contain detailed

data on case finding and confirmatory testing for PA. In

Sweden during the time period, case finding was performed

in risk groups with the aldosterone-to-renin ratio (ARR),

confirmatory testing was performed with the intravenous

saline suppression test at all but one centre which used the

fludrocortisone suppression test [2].

Data were extracted from SQRTPA and additional

patient data collection was performed at each reporting

centre with the use of a standardized case report form. The

selected variables were pre/postoperative serum potassium,

ARR (increased/normal/subnormal), systolic/diastolic

blood pressure, use of antihypertensive medication, potas-

sium substitution, reported histologic diagnosis, surgical

complications and follow-up time. Moreover, lateralization

ratio at preoperative adrenal venous sampling (AVS) cal-

culated according to standard practice [12, 21–24] was

collected. Selectivity index for right vein cannulation was

[2/[3 without (one centre)/with ACTH stimulation

according to local protocol. For analysis of follow-up

routines, the complete dataset was used, if data were

missing for either analysis of clinical or biochemical suc-

cess, patients were excluded form that analysis (Fig. 1).

Follow-up data were recorded from 1 through

24 months after surgery. If the selected variables were

measured multiple times after surgery, the last known data

were registered. Regarding antihypertensive medication

and potassium supplementation, the names and dosages

used pre- and postoperative were collected. Hypertension

grade was defined using the European Society of Hyper-

tension Guidelines [25]. In some cases, a deliberate change

in antihypertensive medication was carried out to facilitate

diagnostic work-up. If so, the registered data were col-

lected before that change was made. Doses of antihyper-

tensive medication or potassium substitution were

calculated using defined daily doses (DDD) according to

the World Health Organization Anatomical Therapeutic

Chemical Index 2018 [26]. AVS lateralisation ratio was

registered as cortisol-adjusted lateralisation ratio between

the left and right adrenal vein. The Clavien-Dindo classi-

fication [27] was used to register surgical complications.

To define the outcome of adrenalectomy, the PASO

criteria [20] for clinical and biochemical outcomes was

used. Complete clinical success was defined as normal

blood pressure without the aid of antihypertensive
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medication. For partial clinical success, the blood pressure

was the same as before surgery but with less antihyper-

tensive medication, or there was a reduction in blood

pressure with either the same amount or less antihyper-

tensive medication. Absent clinical success was unchanged

or increased blood pressure with either the same amount or

an increase in antihypertensive medication. Complete bio-

chemical success was reached when there was a correction

of hypokalemia (if present pre-surgery) and normalization

of the ARR. In patients with a raised ARR post-surgery,

aldosterone secretion should be suppressed in a confirma-

tory test. Partial biochemical success was defined as cor-

rection of hypokalemia and a raised ARR with one or both

of the following (compared with pre-surgery); C50%

decrease in baseline plasma aldosterone concentration, or

abnormal but improved post-surgery confirmatory test

result. Finally, absent biochemical success was defined as a

persistent hypokalemia or persistent raised ARR, or both,

with failure to suppress aldosterone secretion with a post-

surgery confirmatory test.

Normal distribution was assessed with the Shapiro–

Wilks test. Unless otherwise noted, all quantitative nor-

mally distributed variables are reported as mean (SD). Not

normally distributed quantitative variables are reported as

median (range). Categorical variables are presented as

absolute numbers and percentages. One-way ANOVA with

post hoc Bonferroni analysis was used for quantitative

normally distributed variables. The Kruskal–Wallis test

was used for non-normally distributed variables. Chi-

squared or Fisher’s exact tests were used for categorical

variables. IBM SPSS software version 25 was used for all

statistical analyses. The study was approved by the regional

medical ethics board of Western Sweden (Dnr 086-2017).

Results

In total, 190 patients underwent unilateral adrenalectomy

for PA in Sweden between January 2009 and December

2015 according to the SQRTPA. Six different centres were

responsible for the treatments. In 19 patients, outcome

analysis was impossible as no postoperative medical

records could be obtained (14 patients) or incomplete

postoperative data regarding blood pressure or use of

antihypertensive medication (5 patients) (Fig. 1). There-

fore, 171 patients were available for clinical outcome

analysis. However, in 75 of these patients (44%), missing

data precluded evaluation of biochemical cure according to

the PASO criteria (Fig. 1). The cohort of 171 patients

included 80 women (47%) and the mean age at the time of

surgery was 53 years. Median follow-up time was

3.7 months (range 1.7–9.7). 39 of 171 patients (23%) were

registered using mineralocorticoid receptor antagonist

(MRA) before surgery. A minimal invasive approach was

used in 168/171 patients (98%). Further baseline charac-

teristics are reported in Table 1. The overall complication

rate (Clavien-Dindo [3a) was 3%. No mortality was

registered.

Preoperatively 168/171 patients (98%) used antihyper-

tensive medication with a mean DDD of 3.7 (range 0–16).

Mean (SD) systolic blood pressure (SBP) and diastolic

blood pressure (DBP) were 156 (22) and 91(11) mm Hg.

Fig. 1 Flow chart, identified

patients
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After surgery, mean DDD was reduced to 1.5 (range 0–7),

whereas mean SBP and DBP decreased to 135 (15) and 84

(10) mm Hg. Regarding potassium supplementation, 89%

used it before surgery with a mean DDD of 2.0 (range 0–9).

Postoperatively, only 4/170 patients (2%) needed supple-

mentation. Moreover, three of these patients could reduce

the number of pills, thus a single patient had to continue

with the same amount of potassium supplementation after

surgery.

Cure rates according to PASO criteria

Complete clinical success according to the PASO criteria

[20] was achieved in 58 (34%) patients, partial success in

103 (60%) patients and absent success in 10 (6%) patients

(Table 2). Patients with complete success did not need any

antihypertensive medication after surgery, and the mean

SBP and DBP were 128 (12) and 82 (9) mm Hg. Before

surgery, the same subgroup had a mean blood pressure of

149 (19)/89 (9) mm Hg. Patients with partial success

reduced antihypertensive medication mean DDD from 4.4

to 2.0, and the blood pressure was improved from 159 (23)/

92 (12) to 136 (15)/84 (9) mm Hg. The mean decrease in

DDD was similar (2.4) for patients with complete and

partial success (p = 0.92). In patients with absent clinical

success, antihypertensive medication use increased from a

mean DDD of 3.7 before to 4.3 after surgery. 39 patients

(23%) used MRA before surgery and three continued with

MRA after surgery. Out of the three patients who contin-

ued, two of them had absent clinical success and one of

them had partial clinical success. Age, female sex, BMI,

preoperative systolic blood pressure, AVS lateralisation

index and histologic diagnosis were associated with clini-

cal cure at univariate analysis (see Table 2).

In the total cohort of 171 patients, 75 patients were not

eligible for biochemical analysis according to PASO cri-

teria due to lack of postoperative data, especially missing

postoperative ARR. Excluding these patients, 96 patients

were left with complete data (Fig. 1). In this cohort of 96

patients, complete biochemical success was achieved in 88

(92%) patients, partial success in 7 (7%) patients, and

absent success in 1 (1%) patient (Table 3). In the total

cohort, 3/169 (2%) patients were registered with hypoka-

lemia after surgery, which correlates with the number of

patients in need of postoperative potassium supplementa-

tion reported earlier. The only patient with absent bio-

chemical success was also the only patient with bilateral

adrenal adenoma.

Table 1 Baseline characteristics of 171 patients

Variable No.

Age at surgery, mean (SD) years 52.6 (11)

Sex

Female 80 (47%)

Male 91 (53%)

BMI, mean (SD) kg/m2; n = 156 28.6 (5.5)

Diabetes 17 (10%)

Hypokalemia pre-op 152 (89%)

Potassium substitution pre-op, mean DDD 2

Systolic blood pressure pre-op, mean (SD) mm Hg;

n = 166

156 (22)

Diastolic blood pressure pre-op, mean (SD) mm Hg;

n = 166

91 (11)

Antihypertension medication pre-op, mean DDD 3.7

Use of MRA 39 (23%)

AVS performed 140 (82%)

AVS lateralisation index; n = 140

Mean 25,8

Median 13.2

Surgical technique

Laparotomy 3 (2%)

Posterior endoscopic 35 (20%)

Posterior robotic assisted 1 (1%)

Transabdominal endoscopic 85 (50%)

Transabdominal robotic assisted 47 (27%)

Post-op complications, Clavien-Dindo[3a 5 (3%)

Side for adrenal tumour

Left 107

(62.5%)

Right 63 (37%)

Bilateral 1 (0.5%)

Tumour size, mean mm 15.1

Tumour size adrenal cortical adenoma, mean mm;

n = 130

15.4

Histologic diagnosis

Adrenal cortical adenoma 130 (76%)

Adrenal cortical hyperplasia 20 (12%)

Adrenal medullary hyperplasia 1 (0.5%)

Normal adrenal gland 5 (3%)

Suspected adrenal cortical cancer 1 (0.5%)

Unknown 14 (8%)

Hospital stay, mean days (range) 2.6 (1–11)

Follow-up after surgery, months

Mean 6

Median 3.7

BMI body mass index, DDD defined daily doses, MRA mineralocor-

ticoid receptor antagonist, AVS adrenal venous sampling, SD standard

deviation
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AVS lateralisation ratio and clinical success

according to PASO

Preoperative AVS data were available in 140 patients.

Median left-to-right (LR) ratio was 13.2. Median LR ratio

was 14.2, 13.3, and 5.7 in patients with complete, partial

and absent clinical success, respectively (p = 0.004).

Discussion

This register-based study describes contemporary clinical

practice and outcomes of surgery for unilateral dominant

PA in Sweden, at short-term follow-up. Interestingly,

clinical outcome data could only be obtained for 90% of

patients. In 44% of these, evaluation of biochemical suc-

cess was hampered by lack of uniform reporting of relevant

Table 2 Characteristics of patients stratified by clinical outcome

Total cohort Clinical success Overall

p value
Complete Partial Absent

Clinical outcome 171 (100%) 58 (34%) 103 (60%) 10 (6%)

Age at surgery mean years 52.6 47.3 55.2 57 0.000027

Sex 0.00011

Female 80 (47%) 40 (69%) 37 (36%) 3 (30%)

Male 91 (53%) 18 (31%) 66 (64%) 7 (70%)

BMI mean kg/m2; n = 156 28.6 25.5 29.9 33.6 1.7E-7

Diabetes n = 171 17 (10%) 2 (3%) 14 (14%) 1 (10%) 0.089

Potassium substitution pre-op mean DDD; n = 171 2 1.8 2 3.2 0.10

Systolic blood pressure pre-op mean (SD) mm Hg; n = 166 156 (22) 149 (19) 159 (23) 162 (23) 0.013

Diastolic blood pressure pre-op mean (SD) mm Hg; n = 166 91 (11) 89 (9) 92 (12) 92 (11) 0.42

Antihypertension medication pre-op mean DDD; n = 171 3.7 2.4 4.4 3.7 9.6E-8

AVS lateralisation index median (range); n = 140 13.2

(1.4–413)

14.2

(3.4–304)

13.3

(2.8–413)

5.7

(1.4–16.8)

0.004

Side for adrenal tumour n = 171 0.083

Left 107 (62.5%) 40 (69%) 62 (60%) 5 (50%)

Right 63 (37%) 18 (71%) 41 (40%) 4 (40%)

Bilateral 1 (0.5%) 0 (0%) 0 (0%) 1 (10%)

Tumour size

All histologic diagnosis mean (SD) mm; n = 171 15.1 (9.2) 16.7 14.7 10.1 0.089

Adrenal cortical adenoma mean (SD) mm; n = 130 15.4 (7.3) 16.3 15.2 11

Histologic diagnosis n = 171 0.038

Adrenal cortical adenoma 130 (76%) 46 (79%) 77 (75%) 7 (70%)

Adrenal cortical hyperplasia 20 (12%) 5 (9%) 15 (14) %) 0 (0%)

Adrenal medullary hyperplasia 1 (0.5%) 0 (0%) 0 (0%) 1 (10%)

Normal adrenal gland 5 (3%) 1 (1.5%) 2 (2%) 2 (20%)

Suspected adrenal cortical cancer 1 (0.5%) 1 (1.5%) 0 (0%) 0 (0%)

Unknown 14 (8%) 5 (9%) 9 (9%) 0 (0%)

Potassium substitution at follow-up mean DDD; n = 170 0 0 0 0 –

Systolic blood pressure at follow-up mean (SD) mm Hg;

n = 160

135 (15) 128 (12) 136 (15) 148 (14) –

Diastolic blood pressure at follow-up mean (SD) mm Hg;

n = 159

84 (10) 82 (9) 84 (9) 90 (16) –

Antihypertension medication at follow-up mean DDD;

n = 171

1.5 0 2 4.3 –

BMI body mass index, DDD defined daily doses, AVS adrenal venous sampling, SD standard deviation. Definitions complete clinical success,

normal blood pressure without antihypertensive medication, Partial clinical success unchanged blood pressure with less antihypertensive

medication, or reduction in blood pressure with either the same amount or less antihypertensive medication, Absent clinical success unchanged or

increased blood pressure with either the same amount or an increase in antihypertensive medication
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Table 3 Characteristics of patients stratified by biochemical outcome

Total

cohort

Eligible for

biochemical

outcome*

Biochemical success Missing

data�
Overall

p value
Complete Partial Absent

Biochemical outcome 171 96 (100%) 88 (92%) 7 (7%) 1 (1%) 75

Age at surgery mean years 52.6 52.1 51 59 67 53 0.86

Sex 1.0

Female 80 (47%) 45 (47%) 42 (48%) 3 (43%) 0 (0%) 35 (49%)

Male 91 (53%) 51 (53%) 46 (52%) 4 (57%) 1 (100%) 40 (51%)

BMI mean kg/m2; n = 156 28.6 28.7 28.9 26.7 29 28.5 0.60

Diabetes n = 171 17 12 (13%) 11 (13%) 1 (14%) 0 (0%) 5 (7%) 1.0

Potassium substitution pre-op mean

DDD; n = 171

2,0 2.1 2.2 1.3 1.8 1.9 0.50

Systolic blood pressure pre-op mean

(SD) mm Hg; n = 166

156 (22) 158 (24) 158 (24) 157 (17) 140 153 (21) 0.76

Diastolic blood pressure pre-op mean

(SD) mm Hg; n = 166

91 (11) 92 (10) 92 (11) 91 (6) 90 90 (12) 0.99

Antihypertension medication pre-op

mean DDD; n = 171

3.7 3,7 3.7 3.5 3 3.6 0.93

AVS lateralisation index median (range);

n = 140

13.2

(1.4–413)

13.4 (2.9–100) 14

(3–100)

9.9

(2.9–29)

– 12.8

(1.4–413)

0.23

Side for adrenal tumour n = 171 0.011

Left 107

(62.5%)

63 66%) 57 (65%) 6 (86%) 0 (0%) 44 (59%)

Right 63 (37%) 32 (33%) 31 (35%) 1 (14%) 0 (0%) 31 (41%)

Bilateral 1 (0.5%) 1 (1%) 0 (0%) 0 (0%) 1 (100%) 0 (0%)

Tumour size

All histologic diagnosis mean (SD)

mm; n = 171

15.1 (9.2) 14.8 (8.6) 14.9 13.7 9 15.4 0.89

Adrenal cortical adenoma mean (SD)

mm; n = 130

15.4 (7.3) 15.9 (7.9) 16 15.6 9 14.7

Histologic diagnosis n = 171 0.84

Adrenal cortical adenoma 130 (76%) 71 (74%) 65 (74%) 5 (71%) 1 (100%) 59 (79%)

Adrenal cortical hyperplasia 20 (12%) 18 (19%) 16 (18%) 2 (29%) 0 (0%) 2 (3%)

Adrenal medullary hyperplasia 1 (0.5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (1%)

Normal adrenal gland 5 (3%) 3 (3%) 3 (3%) 0 (0%) 0 (0%) 2 (3%)

Suspected adrenal cortical cancer 1 (0.5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (1%)

Unknown 14 (8%) 4 (4%) 4 (5%) 0 (0%) 0 (0%) 10 (13%)

Potassium substitution at follow-up mean

DDD; n = 170

0 0 0 0 0 0 –

Systolic blood pressure at follow-up

mean (SD) mm Hg; n = 160

135 (15) 133 (15) 140 (20) 142 (11) 150 136 (15) –

Diastolic blood pressure at follow-up

mean (SD) mm Hg; n = 159

84 (10) 84 (9) 84 (9) 89 (3) 70 83 (10) –

Antihypertension medication at follow-

up mean DDD; n = 171

1.5 1,4 1.8 1.1 7 1.7 –

BMI body mass index, DDD defined daily doses, AVS adrenal venous sampling, SD standard deviation. Definitions Complete biochemical

success, correction of hypokalemia (if present pre-surgery) and normalization of the aldosterone-to-renin ratio, Partial biochemical success

correction of hypokalemia and a raised aldosterone-to-renin ratio with one or both of the following, C50% decrease in baseline plasma

aldosterone concentration or abnormal but improved post-surgery confirmatory test result, Absent biochemical success persistent hypokalemia or

persistent raised aldosterone-to-renin ratio, or both, with failure to suppress aldosterone secretion with a post-surgery confirmatory test

*Postoperative potassium and aldosterone-to-renin ratio (ARR) measurements available
�Postoperative ARR missing, postoperative potassium available in 74/75 patients, of these 71 had postoperative normokalemia
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outcome measures. Based on available data, we report a

complete clinical success after surgery in 34% of the

patients and partial clinical success in 60% of the patients.

Thus, only 6% of the patients had no clinical benefit of

surgery. Based on the 56% of the total cohort with com-

plete postoperative data regarding biochemical outcome,

complete and partial biochemical success was achieved in

92 and 7% of the patients, respectively.

The PASO criteria provide relevant and clinically

applicable definitions of both clinical and biochemical

outcomes, and the classification system has shown advan-

tages in terms of the ability to stratify outcomes [28],

which made it the obvious choice in our study. In this study

using quality register data, outcome data were only avail-

able for 171 (90%) of patients and of these data on bio-

chemical outcome according to the PASO criteria were

only available for 56% (96/171). This probably reflects

clinical practice in Sweden during the study period, and

may in part be explained by lack of uniform reporting

criteria during the study period (2009-2015), the suggested

PASO criteria being published in 2017. However, this

finding underlines the need for uniform reporting criteria

and accountability for all health service systems offering

surgery for PA.

Complete clinical success was achieved in 34% after

surgery, which is in the lower range of previously pub-

lished data [14], but almost equivalent with the PASO

investigators result at 37% [20]. Compared to the PASO

cohort, our patients had a slightly higher preoperative use

of antihypertensive medication with a mean DDD of 2.4,

compared to 2.0. Other baseline characteristics, for exam-

ple age and BMI, were similar between studies. In total,

60% had a partial clinical success in our study. This is

higher compared to 47% reported in the PASO study, but

the baseline characteristics do not display any significant

differences between data that can help explain this

inequality. Absent clinical success at 6% is much lower

compared to the PASO study (16%). In general, use of

antihypertensive medication (mean DDD) is higher in our

study compared to the PASO study, both in the total cohort

and in each subgroup. Factors associated with clinical

success in the present study (age, sex, BMI, blood pressure,

AVS lateralisation ratio and histologic subtype) correspond

with previous studies [19, 20, 29, 30], Unfortunately, we

were not able to investigate known duration of hyperten-

sion before surgery, due to difficulties in obtaining data.

In this cohort of surgically treated patients, the pro-

portion of patients with preoperative hypokalemia was

89% which is slightly higher than the 74 to 80% [19, 20]

reported in other recent surgical series, but notably higher

than in series reported from diagnostic units with rates of

hypokalemia in PA ranging from 9 to 45% [5, 31]. This

suggests that hypokalemia in clinical practice is an

important factor in selecting candidates for surgery.

During the study period, the Swedish population above

45 years of age increased from 4.1 to 4.4 million (Statistics

Sweden, scb.se). The prevalence of hypertension in the

adult population in Sweden has been estimated at 27%

[32]. Reported prevalence of PA among Swedish hyper-

tensive patients ranges from 1.4 to 8.5% [33–35] in pri-

mary health care to 14.5% [33] in dedicated hypertensive

care units. Consequently, even a conservative prevalence

estimate would indicate some 15 000 individuals with PA

in the Swedish adult population. The fact that there are

only 190 registered patients in SQRTPA who underwent

surgery for PA between 2009 and 2015 suggest that PA is

underdiagnosed and undertreated in Sweden.

AVS was performed and registered in 140 patients, and

the data display a correlation between lateralisation ratio

and clinical outcome. AVS is known to be technically

challenging and dependent on the operator [36]. In par-

ticular, the right adrenal vein is more difficult to cannulate

than the left. Suppressed aldosterone production sampled in

a successfully cannulated adrenal vein on a non-dominant

side can be used as a predictor of unilateral contralateral

disease [37, 38]. The higher proportion of left- compared to

right-sided tumours in the present study (63 vs 37%, see

Table 1) may reflect these technical difficulties and

emphasizes the importance of combining imaging data,

clinical data and high volume experience in AVS inter-

pretation for optimal surgical selection.

A strength of the present study is the register-based

approach giving an overview of contemporary practice

and clinical outcomes in a geographically defined region.

Data were validated at each centre, however, some

under-reporting to the register may be present, especially

in the early part of the study period. Using available real-

life follow-up data confers a high validity in the analysis

of contemporary follow-up practices. However, missing

data limit the interpretation of biochemical outcomes.

Another limitation of the study is the relatively short

follow-up time of median 3.7 months which may

underestimate the clinical success rate [14]. Furthermore,

cure rates in adenoma patients may be underestimated as

immunohistochemical analysis of aldosterone and cortisol

synthase [39] was not routine in Sweden during the study

period.

In conclusion, this population-based series continues to

show the benefit from surgery for unilateral dominant

primary aldosteronism. Complete or partial biochemical

and clinical outcomes are high in Sweden at short-term

follow-up, and overall complication rate is low. We sug-

gest mandatory reporting of surgical outcomes using the

PASO criteria for all units performing surgery for PA.
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