Atrial fibrillation as presenting sign of primary aldosteronism: results of the Prospective Appraisal on the Prevalence of Primary Aldosteronism 
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Expanded Methods

Details of the PAPPHY Study’s protocol were previously reported in 2013 [1].  The study protocol was developed and discussed in depth within the Working Group on PA of the Italian Society of Arterial Hypertension at several international meetings including the European Society of Hypertension (ESH) in 2012, and the European Network for the Study of Adrenal Tumors (ENSAT) in 2011, 2012 and 2013.  The protocol was registered at clinicaltrials.gov (Identifier: NCT01267747), approved by the Institutional Review Board, and thereafter implemented with minor modifications that we herein briefly report [1].  

Consecutive patients with an unambiguous diagnosis of arterial hypertension who presented with ECG-confirmed atrial fibrillation (AF) were prospectively recruited.  Patients with obvious causes of AF were excluded (Supplemental Table 1)[1]. Coronary artery disease was defined as history or acute coronary syndrome, or previous coronary artery bypass grafting, or percutaneous transluminal coronary angioplasty with or without stenting; chronic renal failure was defined as serum creatinine >200 M or eGFR <40 ml*min-1, calculated by the CKD-EPI formula [2].

State-of-the-art criteria and ESC guidelines were followed for case detection of primary aldosteronism (PA) and management of AF [3,4].  In patients with no signs of valvular or ischemic heart disease, or heart failure at the clinical presentation and/or at the echocardiogram, plasma renin activity (PRA) and aldosterone levels were measured in the fasting state in the morning between 8.00 and 10.00, after appropriate preparation, which included correction of hypokalemia with oral or intravenous supplementation, free Na+ intake, withdrawal of β-blockers, central α2 agonists (e.g. clonidine), and nonsteroidal anti-inflammatory drugs for at least 3 weeks, and of mineralocorticoid receptor antagonists for 8 weeks.  We measured also Na+ and K+ in serum and in a 24-hours urine collection, as described [5].  Slow-release calcium channel antagonists (dihydropyridine or benzothiazepine as diltiazem or phenylalkylamine) and α-adrenergic blockers (e.g. doxazosine) were used to maintain hypertension control.  Angiotensin-converting enzyme-inhibitors (ACE-I) and angiotensin II receptor blockers (ARBs) were allowed if strictly necessary to achieve blood pressure (BP) control.  Under treatment with these agents the finding of low PRA and high plasma aldosterone concentration (PAC) was considered strongly suggestive of PA and, therefore, it was followed by imaging and/or measurement of aldosterone to renin ratio (ARR, [ng *dl-1] * [ng *ml-1 * h-1]) after withdrawal of the drugs interfering with the renin-angiotensin-aldosterone system.  Because withdrawal of ACE-I and ARBs was not always feasible, and there is evidence that post-captopril ARR does not provide any diagnostic gain in addition to the basal ARR [6], the captopril challenging test was not considered a mandatory test. 

PA was excluded if baseline ARR < 26 and PAC < 15 ng *dl-1.  PA was diagnosed if baseline ARR >100.  In patients with a baseline ARR between 26 and 100, and a PAC < 15 ng *dl-1, PRA and PAC were measured again 1 month later to re-estimate the ARR.  Investigation to identify the PA subtype, which included computed tomography and adrenal vein sampling, was restricted to the patients with a confirmed abnormal ARR at the first or second determination. 

As regards the adrenal vein sampling results, the definitions of the selectivity index (SI; measure of the correct positioning of catheters in the adrenal vein), the lateralization index (LI; measure of relative aldosterone secretion of the dominant gland over the contralateral) and the relative aldosterone secretion index (RASI; measure of aldosterone secretion of each side relative to cortisol) have already been reported [7,8], and are summarized below:
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where PAC = plasma aldosterone concentration and PCC = plasma cortisol concentration.

For this study we used the selectivity index (SI) with a cutoff of 2.0 to identify bilateral success in achieving catheterization.  Lateralized subtypes of PA were diagnosed in cases of bilateral success when the lateralization index (LI) exceeded 2.0 under unstimulated conditions [7,9].

The diagnosis of APA was made on the four corner criteria [5]. 

Data were collected by each investigator on a specific form created by File-Maker (FileMaker Inc., Santa Clara, CA) in a dedicated database hosted by a server in the core laboratory at the Department of Medicine-DIMED, Padua, and then data were centrally managed and monitored in real time. 

Echocardiography was performed by expert cardiologists using a General Electrics Vivid 7 ultrasound machine (General Electric Medical Systems, Horten, Norway) with a 2.5 MHz transducer and an Aplio CV Toshiba with a 3 MHz transducer, according to the American Society of Echocardiography guidelines,[10] as previously described [11].

Left ventricular (LV) end-diastolic and end-systolic diameters, and wall thickness were assessed by M-mode.  LV ejection fraction and fractional shortening were measured by biplane 2D mode using the Simpson’s method [10].  LV mass was estimated by Devereux’ formula [10] and normalized by height (in meters) to the 2.7 power to avoid underestimation in overweight/obese patients. 

Ventricular (LV) hypertrophy (LVH) was determined as detailed in the Supplemental Methods defined as LV mass/height ≥ 50 g/m2.7 for men and ≥ 47 g/m2.7 for women following recent recommendations [11,12].  LV geometry was examined by the 4-tiered classification of LVH based on concentricity (defined as a relative wall thickness ≥ 0.42) and LV end diastolic volume (classified as increased when LV end diastolic volume/body surface area ≥ 74 mL/m2 in man and 61 mL/m2 in woman)[10].

The intra-observer variation coefficient of echocardiography parameters was ≈4% for M-mode and within 10% for 2D and Doppler-derived variables.  Bland–Altman plots were used to verify the reproducibility of echocardiography measurements and exclude systematic biases.

Statistical analysis

We used SPSS (version 24 for Mac; IBM Italy Spa, Rome, Italy), GraphPad Prism (version 6.00 for Mac; GraphPad Software, La Jolla, CA), Quickcalcs (GraphPad Software, La Jolla, CA) and MedCalc (version 8.1.1.0; MedCalc Software, Mariakerke, Belgium) software.

Estimates of prevalence of PA and its subtypes with 95% confidence interval were computed by the adjusted Wald method [13], as follow:
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where p = estimate of prevalence of PA; S = number of success cases; N = number of all cases; pꞌ = sample proportion and Z = standard normal distribution.
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Supplemental Table 1. Inclusion and exclusion criteria

	Inclusion criteria

	All races

	Age >18 years

	Evidence at EKG of paroxysmal, persistent or permanent atrial fibrillation

	Systolic blood pressure > 140mmHg and/or diastolic blood pressure > 90mmHg on at least 3 office measurements, or current use of anti-hypertensive drugs

	Exclusion Criteria

	Patient refusal to participate to the study

	Moderate-severe valvular heart disease

	Pericarditis or myocarditis

	Hemodynamic instability and/or clinical evidence of heart failure and/or systolic dysfunction with ejection fraction < 35%

	History or acute coronary syndrome, or previous coronary artery bypass grafting

	Percutaneous transluminal coronary angioplasty with or without stenting

	Recent (<3 months) history of stroke

	Current abnormal thyroid function

	Chronic renal failure (serum creatinine >200 M or eGFR <40 ml*min-1, calculated by the CKD-EPI formula)[2] 

	Hemochromatosis

	Myocardiopathy associated with alcohol abuse

	Virus B or C, or HIV-mediated hepatitis

	Known secondary arterial hypertension 

	Pregnancy

	Poor clinical status and/or advanced age


Supplemental Table 2: Clinical and biochemical features of patients excluded and recruited in the study

	
	All patients

(n=411)
	Excluded patients

(n=338)
	Recruited patients

(n=73)
	P

Excluded vs

 recruited patients

	Age, mean (SD), years
	76 (12)
	79 (10)
	62 (11) 
	.001

	Sex, M/F %
	51/49
	47/53
	68/32
	.0001

	Systolic BP, 

mean (SD), mmHg
	136 (23)
	134 (21)
	146 (17) 
	.001

	Diastolic BP, 

mean (SD), mmHg
	78 (14)
	77 (13) 
	85 (11) 
	.001

	Body mass index, 

mean (SD), Kg/m2
	29.1 (4.8)
	29.3 (6.2) 
	27.9 (4.7) 
	NS

	eGFR, mean (SD), mL*min-1
	81 (19)
	N.A.
	80 (19)
	--

	Serum K+ , mean (SD), mmol*L-1
	3.9 (0.6)
	3.7 (0.4) 
	3.8 (0.4) 
	NS

	Urinary Na+ excretion, median (95% CI), mmol/24 hours
	146 

(124-169)
	N.A.
	146 

(124-169)
	--


BP: blood pressure; eGFR: estimated glomerular filtration rate by the CKD-EPI formula.[2]  N.A. = Not available.

Serum K+ and urinary Na+ excretion were measured only in the patients eligible for the downstream work-up for Primary Aldosteronism.

Supplemental Table 3: Demographic and clinical characteristics of the patients by centers.

	
	All patients

(n=411)
	Padua

(n=362)
	P

Padua

vs Brescia
	Brescia

(n=18)
	P

Brescia vs Rome


	Rome

(n=31)
	P

Rome

vs Padua



	Age, mean (SD), years
	76 (12)
	78 (12)
	.003
	68 (8)
	NS
	62 (10)
	.001

	Sex, M/F %
	51/49
	48/52
	NS
	66/33
	NS
	71/29
	.001

	Systolic BP, 

mean (SD), mmHg
	136 (23)
	135 (23)
	NS
	134 (14)
	NS
	146 (18)
	.03

	Diastolic BP, 

mean (SD), mmHg
	78 (13)
	77 (14)
	NS
	76 (11)
	.004
	86 (13)
	.001

	Body mass index, 

mean (SD), Kg/m2
	29.1 (4.8)
	28.8 (4.3)
	NS
	30.1 (6.2)
	NS
	28.4 (4.8)
	NS

	eGFR, mean (SD), mL*min-1
	81 (19)
	81.0 (18.4)
	NS
	80.08 (19.2)
	NS
	84.2 (14.5)
	NS

	Serum K+, 

mean (SD), mmol*L-1
	3.9 (0.6)
	3.9 (0.6)
	NS
	3.6 (0.4)
	NS
	3.8 (0.4)
	NS

	Urinary Na+ excretion,

median (95% CI), mmol/24 hours
	146 (124-169)
	155 (130-179)
	NS
	110 (46-175)
	--
	NA
	--


BP: blood pressure; eGFR: estimated glomerular filtration rate by the CKD-EPI formula;[2] NA = Not available.

Supplemental Table 4: Echocardiographic data of the patients presenting with or without primary aldosteronism (PA)

	
	PA

(n=31)
	Primary hypertension

(n=42)
	P

PA vs Primary hypertension
	Healthy subjects

(n=61)
	P

PA vs Healthy subjects
	P

Primary hypertension vs Healthy subjects

	
	
	
	
	
	
	

	Left atrial diameter, 

mean (SD), mm
	43 (1)
	42 ± 1
	NS
	35 (2)
	.05
	.01

	Left atrial diameter/aorta, mean (SD),
	1.20 (0.04)
	1.22 (0.03)
	NS
	1.28 (0.02)
	NS
	NS

	Aortic root, mean (SD), mm
	36 (1)
	35 (1)
	NS
	34 (2)
	NS
	NS

	LV End-Diastolic Diameter, mean (SD), mm 
	49 (2)
	50 (1)
	NS
	45 (1)
	.002
	.0001

	LV End-Systolic Diameter, mean (SD), mm 
	29 (1)
	29 (1)
	NS
	27 (1)
	NS
	.01

	Posterior Wall Thickness Diastole, mean (SD), mm
	12 (1)
	13 (1)
	NS
	10 (1)
	.002
	.0001

	Interventricular Septal Wall Thickness Diastole, mean (SD), mm
	13 (1)
	13 (1)
	NS
	10 (1)
	.0001
	.0001

	LV Mass Index, mean (SD), g/m2.7a
	56 (4)
	59 (4)
	NS
	41 (1)
	.001
	.001

	LV Relative Wall Thickness, 

mean (SD)
	0.51 (0.02)
	0.52 (0.02)
	NS
	0.45 (0.01)
	.001
	.001

	LV midwall fractional shortening, mean (SD), %
	15.9 (0.4)
	15.9 (0.4)
	NS
	17.0 (0.2)
	.05
	.002

	LV End-Diastolic volume, 

mean (SD), mL
	166 (8)
	167 (5)
	NS
	139 (2)
	.0001
	.001

	LV End-Systolic volume, 

mean (SD), mL
	55 (3)
	55 (1)
	NS
	48 (1)
	.005
	.01

	LV ejection fraction, mean (SD), %
	67 (2)
	66 (1)
	NS
	66 (1)
	NS
	NS

	Cardiac index, 

mean (SD), L/min/m2
	3.97 (0.20)
	4.43 (0.36)
	NS
	3.48 (0.74)
	NS
	.003

	LV stroke volume, mean (SD), mL
	111 (6)
	111 (5)
	NS
	92 (2)
	.004
	.001

	LV stroke work, mean (SD), g-m
	243 (14)
	229 (10)
	NS
	168 (4) 
	.001
	.0001


Mean ± SE.  APA: aldosterone-producing adenoma; LAD: left atrial diameter; LV: left ventricle.

a N.V.: < 50 g/ g/m2.7 in men, < 47 g/ g/m2.7 in women.
Legends to the Figures
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Supplemental Figure 1: Flow chart of the PAPPHY Study.  In patients with documented paroxysmal, persistent or permanent atrial fibrillation (AF) at ECG, after excluding valve or ischemic heart disease, or heart failure at the physical examination and/or at the echocardiogram, plasma renin activity (PRA) and aldosterone concentration (PAC) were measured after appropriate pharmacological preparation. Primary aldosteronism (PA) was excluded if baseline ARR < 26 and PAC < 15 ng *dl-1.  If the patient was willing to undergo adrenalectomy and general anesthesia was indicated, investigation also included computed tomography (CT) or magnetic resonance (MR), and adrenal vein sampling (AVS) to discriminate between lateralized and not lateralized forms of aldosterone excess production.  Adrenalectomy was offered to the patients with lateralized aldosterone excess production, whereas the remaining patients underwent pharmacological treatment with mineralocorticoid receptor antagonists and follow-up.
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