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Rating the blood pressure outcome after adrenalectomy for unilateral primary aldosteronism

Primary aldosteronism (PA) if defined by autonomous aldosterone hypersecretion, which almost invariably leads to high blood pressure (BP) and sometimes to hypokalemia. PA also induces cardiovascular and kidney damage partly independent from BP increase [START_REF] Savard | Cardiovascular complications associated with primary aldosteronism: a controlled cross-sectional study[END_REF]. When aldosterone hypersecretion originates from a single adrenal, it can be cured by unilateral adrenalectomy. Plasma aldosterone and potassium concentrations are expected to normalise and BP to decrease postoperatively. The normalisation of aldosterone secretion should also prevent further BP independent target organ damage and may even reverse it [START_REF] Catena | Cardiovascular outcomes in patients with primary aldosteronism after treatment[END_REF][START_REF] Lin | Adrenalectomy improves increased carotid intima-media thickness and arterial stiffness in patients with aldosterone producing adenoma[END_REF][START_REF] Marzano | Adrenalectomy Is Comparable With Medical Treatment for Reduction of Left Ventricular Mass in Primary Aldosteronism: Meta-Analysis of Long-Term Studies[END_REF].

From the patient perspective, the immediate benefits of adrenalectomy are a better BP control, a decrease in the medication burden, or both. However, high BP is cured in only about 40% of cases, with a wide variability across published series [START_REF] Steichen | Outcomes of adrenalectomy in patients with unilateral primary aldosteronism: a review[END_REF]. Estimates of BP improvement are even more heterogeneous, due to the lack of a consensual definition integrating both postoperative BP and medication changes [START_REF] Steichen | Outcomes of adrenalectomy in patients with unilateral primary aldosteronism: a review[END_REF]. The Primary Aldosteronism Surgery Outcome (PASO) investigators have performed an impressive collaborative work to standardise postoperative assessment and to show the value of using uniform criteria across case series.

They have set up an international and multidisciplinary panel of 31 experts (including endocrinologists, surgeons, internists, cardiologists, nephrologists), who reached consensual definitions of postoperative biochemical and blood pressure outcomes, distinguishing cure and improvement. They have then used these criteria to assess postoperative outcomes in retrospective case series from 12 centres totalling 705 patients. Overall, they found a 37% hypertension cure rate and a further 47% improvement rate, both with a wide variability across series. Finally, they have shown that sex and age were strongly associated with the BP outcome at the patient level and that the age and sex case-mix explained a significant part of BP outcome variability across centres.

Nonetheless, several caveats must be addressed. First, labelling the lack of significant postoperative decrease in BP or medication as clinical failure is a misnomer, because the benefit on target organs is partly independent of BP. Focusing on BP and medication changes may just be scratching the surface of clinical benefit.

Second, the PASO investigators refer only to office BP measurements to define BP improvement, probably because the case series used to validate the criteria were collected at times when out-of-office BP measurements were not yet regarded as best practice. However, patients now undergoing adrenalectomy for unilateral PA should be assessed with out-of office BP measurements [START_REF] Pickering | Call to action on use and reimbursement for home blood pressure monitoring: executive summary: a joint scientific statement from the American Heart Association, American Society Of Hypertension, and Preventive Cardiovascular Nurses Association[END_REF][START_REF] O'brien | European Society of Hypertension position paper on ambulatory blood pressure monitoring[END_REF]. This is especially important for research purposes and up-todate outcome criteria should include out-of-office BP thresholds.

Third, the PASO criteria promote a categorical assessment of the BP outcome of adrenalectomy and restrict complete clinical success to hypertension cure. However, the BP dependent clinical benefits depend on the magnitude of BP decrease rather than crossing the BP threshold that currently defines hypertension. For example, patient 2 from the Table is classified as improved only whereas he probably derives a greater clinical benefit from his very large BP decrease than patient 1, who is cured but with a much smaller BP decrease.

Generally, patients with higher blood pressure are more likely to experience a large postoperative decrease in BP and therefore more likely to meet the criteria of partial clinical success, but they are less likely to be completely cured. This explains the apparent paradox that higher systolic BP and higher medication load are negatively associated with hypertension cure but positively associated with hypertension improvement, in the PASO study as well as in previous studies [START_REF] Steichen | Outcomes of adrenalectomy in patients with unilateral primary aldosteronism: a review[END_REF][START_REF] Van Der Linden | Blood pressure and medication changes following adrenalectomy for unilateral primary aldosteronism: a follow-up study[END_REF].

Fourth, the 20 mmHg systolic BP decrease used to define BP improvement probably surpasses the 0.5 daily-defined doses (DDD) decrease used for the same purpose. This leads to contra-intuitive consequences. For example, patient 3 from the Table is classified as cured and patient 4 as failure although their BP benefit is exactly the same and can be regarded as clinically significant.

Limited evidence in patients with PA suggests that dropping one antihypertensive drug class matches a 5 mmHg decrease in systolic BP [START_REF] Van Der Linden | Blood pressure and medication changes following adrenalectomy for unilateral primary aldosteronism: a follow-up study[END_REF]. Strong evidence from large placebocontrolled studies in patients with essential hypertension matches 0.5 DDD with 7 mmHg systolic BP [START_REF] Law | Value of low dose combination treatment with blood pressure lowering drugs: analysis of 354 randomised trials[END_REF]. Moreover, the relation between DDD and BP changes is not simple. For example, two medications at half dose add up to 1 DDD but decrease BP about 50% more than one medication at full dose that also represents 1 DDD [START_REF] Law | Value of low dose combination treatment with blood pressure lowering drugs: analysis of 354 randomised trials[END_REF]. Finally, 1 DDD of mineralocorticoïd receptor antagonist probably differs from 1 DDD of non specific antihypertensive medication in patients with PA.

While there is probably room for improvements in future revisions, the PASO criteria mark a significant advancement for the study of postoperative outcomes in PA. They should inspire similar and maybe joint efforts to standardise BP outcome assessment of other nonpharmacological interventions, like revascularisation for renal artery stenosis, bariatric surgery for morbid obesity, and renal denervation or carotid baroreceptor stimulation for resistant hypertension. 

Table .

 . Examples of blood pressure outcome categorisation according to the PASO criteria

		Preoperative		Postoperative	Change	
	Patient	medication (mg)	BP (mmHg)	medication (mg)	BP (mmHg)	medication	systolic BP	BP outcome
	1	diltiazem 240	132/79	none	126/75	-1 DDD	-6 mmHg	cure
		irbesartan 300						
	2	bisoprolol 2.5 hydrochlorothiazide 6.25	189/109	none	144/102	-3.5 DDD	-45 mmHg	improvement
		felodipine 5						
	3	spironolactone 25	148/93	none	134/88	-0.33 DDD	-14 mmHg	cure
	4	spironolactone 25 amlodipine 5	148/93	amlodipine 5	134/88	-0.33 DDD	-14 mmHg	failure
	BP: blood pressure						
	DDD: daily-defined dosis						
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