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Hypertension Artérielle

• Epidémiologie: 
– 14 à 16 millions d’hypertendus en France
– 30% de la population adulte
– Prévalence en croissance

• A l’origine
– AVC
– Infarctus du myocarde
– Insuffisance cardiaque

• Diminution 10 mmHg Pas et 5 mmHg PAD 
– Diminution mortalité de 20%, AVC 35%, Cardiop

ischémique 20%, insuffisance cardiaque 40%



Hypertension artérielle secondaire

• Environ 10% des HTA

• Cause curable d’HTA ou adaptation du 

traitement

• Principales étiologies

– Insuffisance rénale

– Sténose artérielle rénale (2 à 3% des cas)

– Iatrogène: médicaments (œstrogènes de synthèse, 

corticoïdes, AINS…) et toxiques (alcool, cocaïne)

– HTA endocrine >6% des cas 



Recherche d’une 
HTA secondaire 

sans point d’appel

Cause endocrine

Syndrome de Cushing 
(hypercortisolisme)

Phéochromocytome/ 
paragangliome

Hyperaldostéronisme 
Primaire

Devant une anomalie hormonale
Réalisation d’un angioscanner des surrénales sans et avec 

injection de produit de contraste

Acromégalie



Syndrome de Cushing
• Hypersécrétion de cortisol d’origine surrénale ou 

hypophysaire. 

• Signes cliniques Fréquence (%)
Obésité ou prise de poids 80
Fragilité cutanée                               80
Visage lunaire                                     75
Hypertension                                      75
Vergetures pourpres                          65
Hirsutisme 65



Diagnostic du syndrome de cushing

• Abolition du cycle nycthéméral du cortisol avec élévation du cortisol 
plasmatique (>150nmol/) ou salivaire à minuit (6-9nmol/l)
– Pas de remboursement des salivettes en ville

• Élévation de la cortisolurie des 24 heures (indexée à la créatininurie

• Absence de freination au freinage minute:
– Cortisolémie à 8h J0, 

– Dexamethasone 1mg à minuit (2cp de 0,5 mg)

– Cortisolémie à 8h J1

• Interprétation absence d’hypercortisolisme si le cortisol après  freinage 
minute est inférieur à 50 nmol/l

• Précautions:
– Freinage après les bilans de base

– Contraception augmente la CBG



Phéochromocytomes, paragangliomes



Médicaments interférents

Lenders, JCEM 2014, 99:1915



Les métanéphrines

Adrénaline NorA

Metanéphrine NorMN

MN sulfate NorMN sulfate

COMT

SULT1A3

Totales

Libres

MN NMN



Diagnostic biologique

D’après Lenders, JCEM 2014

Pas de dosage de catécholamines
Pas de dosage de VMA
Urines sur 24 heures
1 seul jour de prélèvement sans acide
Pas de régime spécifique
En ville Métanéphrines libres plasmatiques 43€ non remboursés.



Hyperaldostéronisme primaire (HAP)

• 6% des HTA
• Cause potentiellement curable 
• Diagnostic difficile en plusieurs étapes
• Test de dépistage puis test de confirmation



Un HAP doit être recherché en présence

– HTA sévère : grade 3, PA systolique> ou = 180 mmHg et/ou PA 

diastolique> ou = 110 mmHg

– d’une HTA résistante

– une hypokaliémie < ou= 3,5 mmol/l, permanente ou intermittente, 

spontanée ou induite par un diurétique

– chez un patient normokaliémique si celui-ci présente une autre raison 

de rechercher un HAP 

– chez un patient porteur d’une HTA avant l’âge de 30 ans

– d’une HTA ou d’une hypokaliémie et d’une lésion surrénalienne de 

plus de 10 mm de diamètre, de découverte fortuite : incidentalome 

surrénalien

– d’une HTA avec un retentissement sur les organes cibles ou une 

morbidité cardiovasculaire disproportionnées avec le niveau et la 

durée d’évolution de l’HTA. 



Mulatero P, Hypertension 2002
Funder J, TES Guidelines JCEM 2016
Stowasser Physiol Rv 2016

Drugs Aldo RAR Diagnostic

b-Blockers, clonidine, a-methyldopa FP

a-Blockers, hydralazine N N N N

Thiazides and loop diuretics FN

Spironolactone, eplerenone FN

ACEIs FN

ARBs FN

Renin-inhibitors (Aliskiren) * FN/FP

Calcium-channel blockers N/FN

NSAIDs FP

Low-potassium N FN

Low sodium FN

High Sodium FP

RA

Effet des médicaments sur le RAR

Phases du cycle… phase folliculaire



Dépistage HAP

• Chez un patient suspect d’HAP, nous recommandons, au stade de dépistage, 

de réaliser la mesure du rapport Aldostérone/Rénine (RAR) 

préférentiellement en conditions standardisées :

• - le matin, plus de 2 heures après le lever

• - en position assise depuis 15 minutes 

• - en régime normosodé (Natriurèse 100 à 200 mmol/24h)

• - en normokaliémie

• - les antihypertenseurs arrêtés (depuis 2 semaines ou 6 semaines pour les 

antag. du récepteur MC, et les inh. de la rénine)

• à l’exception des inhibiteurs calciques de longue durée d’action et des 

alpha-bloquants qui peuvent être maintenus

• les oestrogèness arrêtés depuis 6 semaines



Severe Resistant Hypokaliemia* Adrenal
incidentaloma

Excessive Target 
Organ lesions

Hypertension which has at least one of the following characteristic, 
Or is associated to : Hypokaliemia * 

Screen for Primary Aldosteronism

Aldostérone, renin (RD or PRA) in standardized conditions 
Calculate ARR after correction of very low renin values

Compare ARR to Threshold in the appropriate unit system

Aldo<240 pmol/L
(90 pg/ml)

or RAR<Threshold

Aldo>550 pmol/L 
(200 pg/ml)

and RAR>Threshold

PA ruled outPA confirmed IV Na+ load test*

240 pmol/L<Aldo<550 pmol/L
(90 pg/ml)            (200 pg/ml) 

and RAR>Threshold

Démarche diagnostique dans l’HAP
D’après Recommandations Françaises publiées en 2016.



Bilan étiologique et prise en charge

Adrenal imaging by CT scan or MRI

Lateralized PA

Age<35 yrs and unilateral adenoma

Accepted

Bilateral Adrenal Venous
Sampling (SI>2)

Refused

Lateralization index <4 Grad lat>4

Non lateralized PA Lateralized PA

Proposal of Adrenal Surgery

PA Confirmed

Age>35 yrs, all adrenal aspects *
Age<35 yrs  all results except unilateral adenoma*

Unilateral Adrenal SurgeryMedical Treatment

Accepted Refused

Proposal of Adrenal Surgery

Medical Treatment

D’après Recommandations Françaises 
Ann Endocrinol 2016.

8, boulevard de Bercy,



Recherche d’une 
HTA secondaire 

sans point d’appel

Cause endocrine

Syndrome de Cushing 
Cortisol minuit

Freinage minute
Cortisolurie des 24h

Phéochromocytome/ 
Paragangliome

Métanéphrine, Normétanéphrine
urinaire ou plasmatique

Hyperaldostéronisme 
Primaire

Rénine/aldostérone x2

Devant une anomalie hormonale
Réalisation d’un angioscanner des surrénales sans et avec 

injection de produit de contraste



En pratique au laboratoire ? 



Diagnostic d’un hypercortisolisme?

• Freinage minute à la  
dexaméthasone (Dectancyl®)

• Prise de 2 cp Dectancyl 0,5 mg à 
minuit 

• Prélèvement sérique à 8h le 
lendemain pour mesure du 
cortisol 

è < 50 nmol/L // 2 µg/dL

• Cortisol libre urinaire des 24 
heures

• Urines des 24 heures : 
– Recueil complet des urines 

des 24 heures 
– À distance d’un test de 

freinage 

• Variabilité inter-technique : 



Diagnostic d’un phéochromocytome/ 
paragangliome ?

• Catécholamines : 
– Adrénaline 
– Noradrénaline 
– (Dopamine)

• Dérivés méthoxylés : 
– Métanephrine
– Normétanephrine
– (3-Méthoxythyramine)

• Sang : 
– Dérivés libres 

• Urines des 24 heures : 
– Métabolites totaux 



Tiu SC et al, JCEM 2005, 90;72-78 

Diagnostic d’un 
hyperaldostéronisme primaire ?

Dépistage = ratio aldostérone / rénine



Concentration de Rénine Active

– Dosage immunologique de la molécule de rénine. 
àRéaction antigène- anticorps : 3 kits différents 
- Technique manuelle - détection RIA I125 : Kit CisBio®

- Méthodes automatisées 

IRMA CisBio® Liaison XL, DiaSorin® Isys, IDS® 



Comparaison inter-laboratoires

• Standardisation MRC II 68/356
• 1 mUI/L environ 1,58 pg/mL
• Pour le calcul du ratio, on utilise par défaut 5 mUI/L si < 5 mUI/L 

Programme ProBioQual



Activité rénine plasmatique

Angiotensinogène Angiotensine I Angiotensine II

Rénine 

Aldostérone 

ECA

AT-1 R

Pro-rénine 

K+ PA –
Na+

Mesure de l’activité enzymatique de la rénine : 
à Expression en µg/L/h d’angiotensine 1 générée



PRA ou PRC ?

Hartman D et al, Clin Chem 2004, 11;2159-61 

corresponding DR values (Fig. 1C). PRA results from the
6 h-incubation assay correlated strongly (r ! 0.98) with
corresponding 3-h incubation results.

The DR assay can measure low concentrations of renin
in samples with PRA "0.65 ng ! mL#1 ! h#1 with a good
correlation and low CV. This suggests that the DR method
is an adequate method for measuring samples with low
renin concentrations and is possibly a suitable alternative
for measuring renin in black individuals. The advantage
of higher throughput with the DR assay could facilitate
the measurement of renin in population-based studies
and aid in the screening for secondary forms of hyperten-
sion, including primary aldosteronism and Liddle syn-
drome.

We wish to thank Nichols Institute Diagnostics for pro-
viding us with the reagents and the Department of
Chemical Pathology (SGHMS) for help within their labo-
ratory and use of their facilities.
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Hyperbolic relationships can be expected when compar-
ing data obtained by apolipoprotein(a) [apo(a)] isopro-
tein-sensitive assays against data obtained by an isopro-
tein-independent assay (x axis), and almost all polyclonal
antibody-based apo(a) assays are isoprotein sensitive (1 ).

We have developed a dual polyclonal antibody ELISA
for quantification of plasma apo(a) and attempted to
standardize it with regard to its accuracy in nmol/L while
calibrating on the IFCC PRM2 calibrator. We also fol-
lowed the traditional approach and compared the results
with other established methods that express the results in
mass or molar units. We found that our assay gave linear
relationships with two other assays, of which at least one
was isoprotein-independent. We confirmed the apo(a)
isoprotein dependency by testing the IFCC PRM-2 cali-
brator and material differing in apo(a) molecular weight.
Our results suggest that polyclonal antibody-based apo(a)
assays a priori are not isoprotein-dependent. The work
also gives insight into the suitability and comparativity of
three different calibrators with target values in molar or
mass units. Here we discuss our experiences in the hope
that they are helpful for others who also want to stan-
dardize apo(a) assays.

apo(a) is a glycoprotein bound to LDLs; a small amount
may also circulate in free form (1, 2). There is no doubt
that the standardization of total apo(a) measurements in
routine laboratories world-wide needs improvement (1 ).
The main problem in standardization is the specificity of
the detecting antibody because of the repetitive character
of the apo(a) kringles. Molar detection is possible only
with monoclonal antibodies that recognize a nonrepeti-
tive epitope on the apo(a) antigen. Polyclonal antibody-

Fig. 1. Correlation of DR and PRA results.
(A), results for all samples (n ! 110; r ! 0.98) assayed over a wide range of
renin activity. (B), expanded plot of portion of panel A, showing PRA values up to
2.0 ng ! mL#1 ! h#1 only (n ! 99). (C), plot of DR concentration (mU/L) vs PRA
(ng ! mL#1 ! h#1) for samples with low PRA ("0.65 ng ! mL#1 ! h#1) that were
incubated for 6 h (n ! 25; r ! 0.77).
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PRA beaucoup moins répandue que PRC 



Aldostérone plasmatique

Aldostérone
pmol/L

Glucocorticoïdes
nmol/L

Androgènes
nmol/L

Sensibilité et Spécificité 
++++



Les dosages d’aldostérone

•Une cinquantaine de laboratoire
•Une 10aine de méthodes différentes
•Immuno-analyse : détection RIA 

•Immuno-analyse automatisée : détection CLIA 

DiaSorin® Isys, IDS® 
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Les aldostérones plasmatiques
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Criteria for diagnosing primary aldosteronism on the
basis of liquid chromatography^tandemmass
spectrometry determinations of plasma
aldosterone concentration

Stephanie Barona,b,c, Laurence Amarb,d,e, Anne-Laure Fauconb,d, Anne Blanchardb,c,f,
Laurence Baffaliea, Catherine Faucarda, Simon Traversh, Jean-Yves Pagnyi,
Michel Azizib,d,g, and Pascal Houilliera,b,c

Background: Primary aldosteronism is affecting about
10% of hypertensive patients. Primary aldosteronism
should be diagnosed by screening tests based on plasma
aldosterone concentration (PAC) and aldosterone-to-renin
ratio (ARR), followed by confirmatory test. The cutoff
values for PAC and ARR depend on PAC and plasma renin
measurement methods. Liquid chromatography–tandem
mass spectrometry (LC-MS/MS), the new gold standard
method for aldosterone determination, is now widespread
but shows lower values than immunoassays. New cutoff
values have yet to be determined with LC-MS/MS PAC.

Methods: In a retrospective cohort, we measured PAC by
LC-MS/MS in 93 healthy volunteers, 77 patients with
essential hypertension and 82 primary aldosteronism
patients (42 lateralized, 24 bilateral, 16 primary
aldosteronism without adrenal vein sampling) after 30 min
in a seated position.

Results: PAC ranged from 42 to 309 pmol/l in healthy
volunteers and from 63 to 362 pmol/l in essential
hypertensive patients. A cutoff value of 360 pmol/l for
basal PAC had a sensitivity of 90.5% and a specificity of
95.1% to differentiate lateralized primary aldosteronism
from essential hypertensive patients. ARR ranged from 2.3
to 22.3 in healthy volunteers and from 3.2 to 55.6 pmol/
mU in essential hypertensive patients. Using ROC curves,
we selected an ARR of 46 pmol/mU, which provided a
sensitivity of 100% and a specificity of 93.4% to
distinguish between essential hypertensive and lateralized
primary aldosteronism patients (sensitivity 94.4%,
specificity 93.9% for the overall primary aldosteronism
population).

Conclusion: Criteria for primary aldosteronism screening
need to be adapted, given the increasing use of LC-MS/MS
to determine PAC. We suggest to use 360 pmol/l and
46 pmol/mU as cutoff values, respectively, for basal PAC
and ARR after 30 min of seated rest.

Keywords: adrenocortical adenoma, aldosterone,
hypertension

Abbreviations: ARR, aldosterone-to-renin ratio; AUC,
area-under-curve; AVS, adrenal vein sampling; CI,
confidence interval; CLIA, chemiluminescent immune-
assay; LC-MS/MS, liquid chromatography tandem mass
spectrometry; NPV, negative predictive value; PAC, plasma
aldosterone concentration; PPV, positive predictive value;
PRC, plasma renin concentration; RIA, radioimmunoassay;
ROC, receiver operating characteristic; SIT, saline infusion
test

INTRODUCTION

P rimary hyperaldosteronism is the overproduction of
aldosterone due to an adrenal disorder reported, in
various cross-sectional and prospective studies, to

be diagnosed in approximately 10% of hypertensive
patients [1–3]. Primary hyperaldosteronism is associated
with target organ damage and increased cardiovascular
morbidity [4–6]. Clinical practice guidelines for primary
hyperaldosteronism diagnosis have recently been pub-
lished [7–10]. Primary hyperaldosteronism is diagnosed
through a multistep procedure, beginning with the mea-
surement of plasma renin (PRC) and plasma aldosterone
(PAC) concentrations to compute aldosterone-to-renin
ratio (ARR), which is considered to be the most effective
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laboratories (n=37 to 45 laboratories). The least-square linear regres-
sion relationship was “Target = 0.9841 LC-MS/MS + 34.868, r2 =
0.9695, n= 18” indicating a similarity of the results for the tested con-
centrations from 82.5 to 689 pmol/L.

4.5. Reference interval approach in healthy adults

As lower plasma values were observed with LC-MS/MS than with
RIA method and no agreement between the two methods was found,
we needed to establish reference adult values for plasma aldosterone.
Aldosterone concentrations in our group of normotensive adults were
not normally distributed. After logarithm transformation of the data
and use of normal distribution quantile as estimator, the reference in-
terval defined as 2.5%, lower limit (CI 90%), to 97.5%, upper limit (CI
90%) was 50.8 pmol/L (40–64.5) to 618 pmol/L (487–785). To our
knowledge, only one report has also established plasma values in nor-
motensive adults by LC-MS/MS [10]. The blood samples were also col-
lected midmorning in seated position and the values ranged from b69
to 635 pmol/L with a mean value of 205 pmol/L.

5. Conclusion

The goal of this project was to develop an LC-MS/MS assay suitable
for routine clinical use.

Additionally, we aimed at having a simple sample preparation. The
devised method relies on Isolute SLE+ which appeared to be faster
and more convenient than LLE or SPE extraction for aldosterone mea-
surement [13,14] allowing the use of less sensitive and less expensive
mass spectrometer in clinical practice with a limit of quantitation
of about 40 pmol/L, very close to those obtained with more sensitive
mass spectrometer [8,11]. The longer chromatographic run time of
15 min compared to the previous methods [10,12] is a compromise

for the sensitivity and selectivity of the determination. Water-based
calibrators were easier to prepare and proved valid for aldosterone cal-
ibration. Smaller plasma sample volume seems to be possible but confir-
mation of this step must be performed on a larger number of samples.
Precision and accuracy of this assay are suitable for routine clinical
use. An improved specificity of this method compared to RIA and a
very good agreement with a more sensitive LC-MS/MS instrument
were demonstrated.

In conclusion, the sensitivity of this assay is adequate for the screen-
ing of PA and shows a good comparison with higher end LC-MS/MS.
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Background: Accurate quantitation of aldosterone is essential for screening, diagnosis and subtype classification
in primary aldosteronism. A simple, sensitive method for aldosterone in human plasma using supported liquid
extraction (SLE) in combinationwith liquid chromatography tandemmass spectrometry (LC-MS/MS)was devel-
oped and validated.
Methods: Plasma samples were diluted with water containing d7-aldosterone as internal standard. The samples
were extracted with methyl-tert-butyl-ether (MTBE) on SLE cartridges. Separation was carried out on a Luna
C18 (2) column using a methanol–water gradient. Detection was performed in the negative electrospray multi-
ple reaction monitoring (MRM) quantitation. The use of water-based calibrators was evaluated against calibra-
tors prepared in steroid-free serum.
Results: The assay was linear up to 3265 pmol/L with an LOQ of approximately 40 pmol/L. Within-run and
between-run precision for plasma aldosterone were less than 10% except at low level near LOQ but were still
less than 14.7% (Westgard's desirable specification). The mean recovery of the analyte added to plasma was
greater than 97.7% and matrix effects were less than 4%. Comparison with another LC-MS/MS method was per-
formed on a more sensitive instrument (ABSciex TQ 5500) and gave the equation API 3000 = 0.957 × TQ
5500 + 12.6, linear regression r2 = 0.974 (n = 43). An estimation of the reference interval for adults was
established on a group of healthy volunteers (n = 53). Calibration with water-based calibrators was validated
and can be used for measurement of aldosterone by LC-MS/MS.
Conclusions: Thismethod is reliable, easy to perform on plasma specimens in a clinical environment and is attrac-
tive because of its simplicity.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Primary aldosteronism (PA) is the most common form of secondary
hypertension accounting for up to 10% of cases and accurate and precise
quantitation of aldosterone is essential to the diagnosis of PA [1,2]. The
screening for PA relies on the finding of an elevated plasma aldosterone

to renin ratio (ARR). As discussed in the Endocrine Society Clinical Prac-
ticeGuideline, some authors require elevated aldosterone levels above a
minimum threshold (e.g. N415 pmol/L) in addition to an elevated ARR
to define a positive screening test for PA [3]. However, this is a matter
of some ongoing discussion because many patients with bona fide PA
can have ambulatory aldosterone concentrations less than 415 pmol/L
[4]. Once PA is detected using ARR, it must be confirmed using a confir-
matory test (saline infusion, fludrocortisone suppression, oral sodium
loading or captopril challenge). After confirmation of the diagnosis of
PA, adrenal computed tomography should beperformed (to exclude ad-
renal carcinoma) followed by adrenal venous sampling (AVS). A reliable
method is thus required for quantifying aldosteronefirst to establish the
ARR status, second for confirmatory testing, and third for the analysis of
the AVS samples to determine whether surgery or medical therapy is
appropriate.
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1. Introduction

Primary aldosteronism (PA) is the most common form of secondary
hypertension accounting for up to 10% of cases and accurate and precise
quantitation of aldosterone is essential to the diagnosis of PA [1,2]. The
screening for PA relies on the finding of an elevated plasma aldosterone

to renin ratio (ARR). As discussed in the Endocrine Society Clinical Prac-
ticeGuideline, some authors require elevated aldosterone levels above a
minimum threshold (e.g. N415 pmol/L) in addition to an elevated ARR
to define a positive screening test for PA [3]. However, this is a matter
of some ongoing discussion because many patients with bona fide PA
can have ambulatory aldosterone concentrations less than 415 pmol/L
[4]. Once PA is detected using ARR, it must be confirmed using a confir-
matory test (saline infusion, fludrocortisone suppression, oral sodium
loading or captopril challenge). After confirmation of the diagnosis of
PA, adrenal computed tomography should beperformed (to exclude ad-
renal carcinoma) followed by adrenal venous sampling (AVS). A reliable
method is thus required for quantifying aldosteronefirst to establish the
ARR status, second for confirmatory testing, and third for the analysis of
the AVS samples to determine whether surgery or medical therapy is
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laboratories (n=37 to 45 laboratories). The least-square linear regres-
sion relationship was “Target = 0.9841 LC-MS/MS + 34.868, r2 =
0.9695, n= 18” indicating a similarity of the results for the tested con-
centrations from 82.5 to 689 pmol/L.

4.5. Reference interval approach in healthy adults

As lower plasma values were observed with LC-MS/MS than with
RIA method and no agreement between the two methods was found,
we needed to establish reference adult values for plasma aldosterone.
Aldosterone concentrations in our group of normotensive adults were
not normally distributed. After logarithm transformation of the data
and use of normal distribution quantile as estimator, the reference in-
terval defined as 2.5%, lower limit (CI 90%), to 97.5%, upper limit (CI
90%) was 50.8 pmol/L (40–64.5) to 618 pmol/L (487–785). To our
knowledge, only one report has also established plasma values in nor-
motensive adults by LC-MS/MS [10]. The blood samples were also col-
lected midmorning in seated position and the values ranged from b69
to 635 pmol/L with a mean value of 205 pmol/L.

5. Conclusion

The goal of this project was to develop an LC-MS/MS assay suitable
for routine clinical use.

Additionally, we aimed at having a simple sample preparation. The
devised method relies on Isolute SLE+ which appeared to be faster
and more convenient than LLE or SPE extraction for aldosterone mea-
surement [13,14] allowing the use of less sensitive and less expensive
mass spectrometer in clinical practice with a limit of quantitation
of about 40 pmol/L, very close to those obtained with more sensitive
mass spectrometer [8,11]. The longer chromatographic run time of
15 min compared to the previous methods [10,12] is a compromise

for the sensitivity and selectivity of the determination. Water-based
calibrators were easier to prepare and proved valid for aldosterone cal-
ibration. Smaller plasma sample volume seems to be possible but confir-
mation of this step must be performed on a larger number of samples.
Precision and accuracy of this assay are suitable for routine clinical
use. An improved specificity of this method compared to RIA and a
very good agreement with a more sensitive LC-MS/MS instrument
were demonstrated.

In conclusion, the sensitivity of this assay is adequate for the screen-
ing of PA and shows a good comparison with higher end LC-MS/MS.
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Table  1
Method validation data.

Linearity (n = 6)
Linear range (pmol/L) Mean r2

0–3200 0.9999

Intra assay precision (n = 15) Inter assay precision (n = 15)
Target  value (pmol/L) Mean CV (%) Mean bias (%) Target value (pmol/L) Mean CV (%) Mean bias (%)
150  11.5 −11.9 150 12.6 −2.4
500  3.1 3.6 500 7.0 11.4
1500  2.5 5.2 1500 3.7 5.5

Recovery (n = 6)
Target value (pmol/L) Mean recovery (%)
64 88.3
353  92.1
1221 88.5

Limit of detection (pmol/L)
26

Limit of quantitation (pmol/L)
30

with mean linear regression value r2 value >0.99. Samples with
aldosterone concentrations above the top standard can be diluted
to achieve a suitable concentration within the linear range of the
assay.

Ion suppression experiments demonstrated that aldosterone
eluted in a part of the chromatogram free from matrix effects. Com-
parison of plasma and PBS/BSA matrix by the method of standard
additions demonstrated that the PBS/BSA matrix based calibrants
were within the 10% target. Additionally, calculated % recovery of
three different concentrations of spiked aldosterone into 6 differ-
ent patient plasma samples yielded a mean recovery of 89.6% (range
88.3–92.1%) which is within acceptable limits according to US FDA
guidelines. Taken together, these data confirm that PBS/BSA stan-
dards can be used to calibrate the assay.

The assay exhibited acceptable intra- and inter-assay preci-
sion and accuracy; mean co-efficients of variation (CV) for intra-
and inter-assay precision were 5.7% (mean bias −1.0%), and 7.8%
(mean bias 4.8%) respectively. The LOD was 26 pmol/L and the
LLOQ was 30 pmol/L (CV% = 6.3, mean bias = −18%), which compares
favourable to previously published methods which have reported
LLOQ values of 50 pmol/L [6] and 69 pmol/L [5].

Assay of a wide range of natural and synthetic steroids
demonstrated no detectable response above the lower limit
of quantitation at the retention times of aldosterone and d7-
aldosterone when injected into the mass spectrometer at excess

concentration. There was  no significant effect on aldosterone mea-
surement in plasma samples spiked with high concentrations of
bilirubin, haemoglobin or triglycerides.

Taken together, these data confirm the utility of the
UPLC–MS/MS method to accurately, precisely and specifically mea-
sure aldosterone following SPE from human plasma.

3.3. Method comparison

Patient plasma samples (n = 54) were analysed by both the
UPLC–MS/MS method and an immunoassay in routine clinical
use in the UK. Passing and Bablock analysis yielded the equa-
tion LC–MS/MS = 0.789(RIA)–41.7, linear regression r2 = 0.88, n = 54
(Fig. 2A). Bland–Altman analysis demonstrated a mean nega-
tive bias of −148.7 pmol/L (95% CI −205.3 to −92.1) for the
UPLC–MS/MS method (Fig. 2B). These findings appear to be in
agreement with previously published methods which have demon-
strated significant negative bias in LC–MS/MS methods compared
to immunoassay [4,6], although this is not a universal finding [5].

In addition, aldosterone concentrations in plasma sam-
ples distributed by UK-NEQAS were measured using our
LC–MS/MS method and compared to RIA method users, and other
LC–MS/MS users. Comparison of our LC–MS/MS method against
RIA method users, yielded the Passing and Bablock equation
LC–MS/MS = 0.950(RIA)–74.4, linear regression r2 = 0.96 (n = 21),

y = 0.789 1x - 41.67 1
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Fig. 2. Method comparison for aldosterone, between the LC–MS/MS method and an immunoassay in routine clinical use in the UK; (A) Passing–Bablock analysis yielded the
equation LC–MS/MS = 0.789(RIA)–41.7, linear regression r2 = .88, n = 54. (B) Bland–Altman analysis demonstrated a mean negative bias of −148.7 pmol/L (95% CI −205.3 to
−92.1)  for the UPLC–MS/MS method.
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a  b  s  t  r  a  c  t

Aldosterone  is  a mineralocorticoid  steroid  hormone  whose  measurement  in the  clinical  laboratory  is
principally  performed  for the  investigation  of  primary  hyperaldosteronism.  Traditionally  measurement
of  aldosterone  has  been  performed  by  radioimmunoassay,  however  these  assays  lack specificity  as  they
are  prone  to interference  from  structurally  related  steroid  hormones.  Herein,  we  have  developed  a  novel,
sensitive  and  specific  method  utilising  solid  phase  extraction  and  quantitation  of aldosterone  from  human
plasma  by  UPLC–MS/MS.  Standards,  quality  controls  and samples  (250  !L) were  extracted  using  Oasis®

HLB  96-well  plates.  Extract  (30  !L) was  injected  onto  a  Krudcatcher  UPLC  In-Line  Filter,  0.5  !m  guard  col-
umn,  coupled  to  a Kinetex  PFP,  100  mm  ×  2.1  mm,  2.6  !m column  with  methanolic  mobile  phase  gradient
elution.  Eluant  was connected  to  a Waters® Xevo  TQS  tandem  mass  spectrometer  operating  in  electro-
spray  negative  mode.  We  detected  multiple  reaction  monitoring  (MRM)  transitions  of  m/z  359.0  >  189.1
for  aldosterone  and  366.0  >  194.1  for d7-aldosterone  respectively,  which  co-eluted  at  2.65  min.  Ion  sup-
pression  was  negligible.  Mean  recovery  was  89.6%,  limit  of detection  and  lower  limit of  quantitation
were  26  pmol/L  and  30  pmol/L  respectively.  The  assay  was  linear  up to  3200  pmol/L  (r2 =  0.9999).  Mean
intra-  and inter-assay  imprecision  and  bias  were  all <10%.  Comparison  of  the  UPLC–MS/MS  method  with
an immunoassay  in routine  clinical  use  in  the  UK  yielded  the equation  UPLC–MS/MS  =  0.789(RIA)–41.7,
linear  regression  r2 =  0.88,  n  =  54.  We  have  developed  a sensitive  and  specific  method  for  the extraction
and  measurement  of  aldosterone  from  human  plasma.  The  method  features  a  simple  96-well  plate  solid
phase  extraction  procedure,  highly  selective  column  chemistry  and  short  chromatographic  run times.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Aldosterone is a mineralocorticoid steroid hormone produced
by the zona glomerulosa of the adrenal cortex. The principle action
of aldosterone is to regulate sodium reabsorption and potassium
excretion in the renal collecting ducts and distal convoluted tubule.
Control of synthesis and secretion of aldosterone is primarily
exerted by the renin–angiotensin system (RAS), which is itself stim-
ulated by a fall in systemic blood pressure and sodium depletion.

Clinically, measurement of aldosterone is important to identify
patients with primary hyperaldosteronism. This condition is most
commonly caused by autonomous aldosterone production by an
adrenal adenoma (classical Conn’s syndrome), or hyperplasia of
one or both adrenal glands. Hyper-secretion of aldosterone typi-
cally presents clinically with drug resistant hypertension and, in
up to 37% of cases, hypokalaemia [1].  The prevalence of primary
hyperaldosteronism in patients with essential hypertension may
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be up to 10% [2],  but due to non specific signs and symptoms
the condition is frequently overlooked. Where clinical suspicion
arises, screening is indicated as effective medical and surgical
management options exist to control or cure the condition. The rec-
ommended initial screening test for primary hyperaldosteronism
is assay of the plasma aldosterone to renin ratio (ARR) [2].

Measurement of aldosterone in human plasma in clinical
laboratories has most frequently been performed using radio
immunoassay (RIA) or enzyme labelled immunoassay [3].  The
specificity of immunoassays is often poor due to antibody cross
reactivity to other structurally related steroid hormones, which
may  result in falsely elevated concentrations. To overcome these
limitations, in recent years there has been growing interest in
the use of liquid chromatography tandem mass spectrometry
(LC–MS/MS) for steroid hormone analysis in clinical laboratories.
Recently, a small number of reports have been published detailing
methods for the quantitation of aldosterone from human plasma
by LC–MS/MS. Such methods utilise liquid–liquid extraction (LLE)
with relatively long chromatographic run times [4–6], or require
highly specialised automated extraction platforms [5] which may
not be suitable for many clinical laboratories. Herein, we  report
the development of a highly sensitive and specific method for the

1570-0232/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
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a  b  s  t  r  a  c  t

Aldosterone  is  a mineralocorticoid  steroid  hormone  whose  measurement  in the  clinical  laboratory  is
principally  performed  for  the  investigation  of  primary  hyperaldosteronism.  Traditionally  measurement
of  aldosterone  has  been  performed  by  radioimmunoassay,  however  these  assays  lack specificity  as  they
are  prone  to interference  from  structurally  related  steroid  hormones.  Herein,  we  have  developed  a  novel,
sensitive  and  specific  method  utilising  solid  phase  extraction  and  quantitation  of aldosterone  from  human
plasma  by  UPLC–MS/MS.  Standards,  quality  controls  and samples  (250  !L)  were  extracted  using  Oasis®

HLB  96-well  plates.  Extract  (30  !L) was  injected  onto  a  Krudcatcher  UPLC  In-Line  Filter,  0.5  !m  guard  col-
umn,  coupled  to  a Kinetex  PFP,  100  mm  ×  2.1  mm,  2.6  !m  column  with  methanolic  mobile  phase  gradient
elution.  Eluant  was  connected  to  a Waters® Xevo  TQS  tandem  mass  spectrometer  operating  in electro-
spray  negative  mode.  We  detected  multiple  reaction  monitoring  (MRM)  transitions  of  m/z  359.0  >  189.1
for  aldosterone  and  366.0  >  194.1  for  d7-aldosterone  respectively,  which  co-eluted  at  2.65  min.  Ion  sup-
pression  was  negligible.  Mean  recovery  was  89.6%,  limit  of detection  and  lower  limit of  quantitation
were  26  pmol/L  and  30  pmol/L  respectively.  The  assay  was  linear  up  to  3200  pmol/L  (r2 = 0.9999).  Mean
intra-  and inter-assay  imprecision  and  bias  were  all  <10%.  Comparison  of  the  UPLC–MS/MS  method  with
an immunoassay  in  routine  clinical  use  in  the  UK  yielded  the equation  UPLC–MS/MS  =  0.789(RIA)–41.7,
linear  regression  r2 =  0.88,  n  =  54.  We  have  developed  a sensitive  and  specific  method  for  the extraction
and  measurement  of  aldosterone  from  human  plasma.  The  method  features  a  simple  96-well  plate  solid
phase  extraction  procedure,  highly  selective  column  chemistry  and  short  chromatographic  run times.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Aldosterone is a mineralocorticoid steroid hormone produced
by the zona glomerulosa of the adrenal cortex. The principle action
of aldosterone is to regulate sodium reabsorption and potassium
excretion in the renal collecting ducts and distal convoluted tubule.
Control of synthesis and secretion of aldosterone is primarily
exerted by the renin–angiotensin system (RAS), which is itself stim-
ulated by a fall in systemic blood pressure and sodium depletion.

Clinically, measurement of aldosterone is important to identify
patients with primary hyperaldosteronism. This condition is most
commonly caused by autonomous aldosterone production by an
adrenal adenoma (classical Conn’s syndrome), or hyperplasia of
one or both adrenal glands. Hyper-secretion of aldosterone typi-
cally presents clinically with drug resistant hypertension and, in
up to 37% of cases, hypokalaemia [1].  The prevalence of primary
hyperaldosteronism in patients with essential hypertension may

∗ Corresponding author.
E-mail addresses: ed.hinchliffe@uhsm.nhs.uk, ed hinchliffe@hotmail.com

(E. Hinchliffe).

be up to 10% [2],  but due to non specific signs and symptoms
the condition is frequently overlooked. Where clinical suspicion
arises, screening is indicated as effective medical and surgical
management options exist to control or cure the condition. The rec-
ommended initial screening test for primary hyperaldosteronism
is assay of the plasma aldosterone to renin ratio (ARR) [2].

Measurement of aldosterone in human plasma in clinical
laboratories has most frequently been performed using radio
immunoassay (RIA) or enzyme labelled immunoassay [3].  The
specificity of immunoassays is often poor due to antibody cross
reactivity to other structurally related steroid hormones, which
may  result in falsely elevated concentrations. To overcome these
limitations, in recent years there has been growing interest in
the use of liquid chromatography tandem mass spectrometry
(LC–MS/MS) for steroid hormone analysis in clinical laboratories.
Recently, a small number of reports have been published detailing
methods for the quantitation of aldosterone from human plasma
by LC–MS/MS. Such methods utilise liquid–liquid extraction (LLE)
with relatively long chromatographic run times [4–6], or require
highly specialised automated extraction platforms [5] which may
not be suitable for many clinical laboratories. Herein, we  report
the development of a highly sensitive and specific method for the
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undergo one or more confirmatory tests to definitively
confirm or exclude the diagnosis (1 !QQOO). However, in
the setting of spontaneous hypokalemia, plasma renin be-
low detection levels plus PAC ! 20 ng/dL (550 pmol/L),
we suggest that there may be no need for further confir-
matory testing. (2 !QOOO)

Evidence
The current literature does not identify a gold standard

confirmatory test for PA. Most studies evaluated test per-
formance retrospectively in a relatively small series of pa-
tients selected with high prior (pretest) probability of PA
and commonly in comparison with other tests rather than
towards a conclusive diagnosis of PA.

Some of these limitations are illustrated in the following
example. There is empirical evidence that case-control de-
signs for establishing the accuracy of diagnostic tests over-
estimate their accuracy. Giacchetti et al (57) used such a
design in a study of 61 PA patients (26 with confirmed
APA) and 157 patients with essential hypertension. In this
context, they found that a postsodium infusion test with a
cutoff value for plasma aldosterone of 7 ng/dL (195 pmol/
L), when evaluated using receiver operating characteristic
(ROC) curve analysis, showed a sensitivity of 88% and a
specificity of 100% in the 76 cases with ARR ! 40 ng/dL
per ng/mL/h (3.1 pmol/L/min).

In the prospective Primary Aldosteronism Prevalence in
Hypertensives study, the analysis of sensitivity/specificity
in the 317 patients who underwent a saline infusion test
(SIT) gave a best aldosterone cutoff value of 6.8 ng/dL
(190 pmol/L). The sensitivity and specificity, however,
were moderate (respectively, 83 and 75%), reflecting val-
ues overlapping between patients with and without dis-
ease; using the aldosterone-cortisol ratio did not improve

the accuracy of the test (58). The same authors reported
that the captopril challenge test (CCT) showed similar
accuracy when performed under adequate sodium intake
conditions (58), although Mulatero et al (59) suggested
caution in the interpretation of the CCT because of dif-
ferences between patients regarding the bioavailability of
the drug.

Nanba et al (60) performed a more complex evaluation
of three tests (SIT, CCT, and the furosemide upright test
[FUT]) in hypertensive patients who tested positive for PA
by ARR. The CCT and FUT showed similar levels ("
90%) of confirmation/exclusion, whereas the SIT showed
lower levels of agreement (#65%) with either CCT or
FUT. Given the similar results of CCT and FUT and the
low sensitivity of SIT, the authors proposed that one test
(CCT ! FUT) should be sufficient to confirm the diagnosis
of PA. Finally, Willenberg et al reported divergent results
between SIT and FST (61), and also found a lower cutoff
value for SIT than FST; this was in contrast with Mulatero
et al (62, 63), who reported a satisfactory agreement be-
tween the two tests.

Four testing procedures (oral sodium loading, saline
infusion, fludrocortisone suppression, and captopril chal-
lenge) are thus in common use, with the FUT test also in
use in Japan (64, 65). Despite the reports cited above,
definitive evidence that one single test is optimal is lacking,
and there is still insufficient direct evidence to recommend
one over all the others. While these tests may differ in terms
of sensitivity, specificity, and reliability, the choice of con-
firmatory test is commonly determined by considering
cost, patient compliance, laboratory routine, and local ex-
pertise (Table 7).

Clinicians should use caution when administering con-

Table 6. Aldosterone-renin ratio cutoff values, depending on assay and based on whether plasma aldosterone
concentration, plasma renin activity, and direct renin concentration are measured in conventional or Système
International units

PRA
(ng/ml/h)

PRA
(pmol/liter/min)

DRC*

(mU/liter)
DRC*

(ng/liter)

PAC (as ng/dL) 20 1.6 2.4 3.8
30† 2.5 3.7 5.7
40 3.1 4.9 7.7

PAC (as pmol/liter) 750† 60 91 144
1000 80 122 192

ARR $ aldosterone-renin ratio; PAC $ plasma aldosterone concentration; PRA $ plasma renin activity; DRC $ direct renin concentration; SI $
Système International.

* Values shown are on the basis of a conversion factor of PRA (ng/ml/h) to DRC (mU/liter) of 8.2. DRC assays are still in evolution, and in a recently
introduced and already commonly used automated DRC assay, the conversion factor is 12 (see text). It should be noted that there is poor
correlation between DRC and PRA in the range where PRA # 1 ng/ml/hr, the domain of major interest in PA screening (221 222).

†The most commonly adopted cutoff values are 30 for PAC and PRA in conventional units (equivalent to 830 when PAC is in SI units) and 750
when PAC is expressed in SI units (equivalent to 27 in conventional units). [Adapted from Funder JW, Carey RM, Fardella C, Gomez-Sanchez CE,
Mantero F, Stowasser M, Young WF, Jr., Montori VM: Endocrine Society: Case Detection, Diagnosis, and Treatment of Patients with Primary
Aldosteronism: An Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab. 2008; 93:3266–3281, with permission, © Endocrine
Society (3).]
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The Management of Primary Aldosteronism: Case
Detection, Diagnosis, and Treatment: An Endocrine
Society Clinical Practice Guideline

John W. Funder (chair), Robert M. Carey, Franco Mantero, M. Hassan Murad,
Martin Reincke, Hirotaka Shibata, Michael Stowasser, and William F. Young. Jr

Hudson Institute of Medical Research (J.W.F.), Clayton, Australia; University of Virginia Health System
(R.M.C.), Charlottesville, VA; University of Padova (F.M.), Padua, Italy; Mayo Clinic, Evidence-based
Practice Center (M.H.M), Rochester, MN; Klinikum of the Ludwig-Maximilians-University of Munich
(M.R.), München, Bavaria, Germany; Oita University (H.S.), Oita, Japan; University of Queensland (M.S.),
Brisbane, Australia; and Mayo Clinic (W.F.Y), Rochester, MN.

Objective: To develop clinical practice guidelines for the management of patients with primary
aldosteronism

Participants: The Task Force included a chair, selected by the Clinical Guidelines Subcommittee of
the Endocrine Society, six additional experts, a methodologist, and a medical writer. The Task Force
received no corporate funding or remuneration.

Evidence: We searched for systematic reviews and primary studies to formulate the key treatment
and prevention recommendations. We used the Grading of Recommendations, Assessment, De-
velopment, and Evaluation group criteria to describe both the quality of evidence and the strength
of recommendations. We used ‘recommend’ for strong recommendations and ‘suggest’ for weak
recommendations.

Consensus Process: We achieved consensus by collecting the best available evidence and conduct-
ing one group meeting, several conference calls, and multiple e-mail communications. With the
help of a medical writer, the Endocrine Society’s Clinical Guidelines Subcommittee, Clinical Affairs
Core Committee, and Council successfully reviewed the drafts prepared by the Task Force. We
placed the version approved by the Clinical Guidelines Subcommittee and Clinical Affairs Core
Committee on the Endocrine Society’s Web site for comments by members. At each stage of review,
the Task Force received written comments and incorporated necessary changes.

Conclusions: For high-risk groups of hypertensive patients and those with hypokalemia, we rec-
ommend case detection of primary aldosteronism by determining the aldosterone-renin ratio
under standard conditions, and that a commonly used confirmatory test should confirm/exclude
the condition. We recommend that all patients with primary aldosteronism undergo adrenal com-
puted tomography as the initial study in subtype testing and to exclude adrenocortical carcinoma.
We recommend that an experienced radiologist should establish/exclude unilateral primary aldo-
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Abbreviations: ACE, angiotensin-converting enzyme; ACTH, corticotropin; APA, aldoste-
rone-producing adenoma; ARR, aldosterone-to-renin ratio; AVS, adrenal venous sampling;
BAH, bilateral adrenal hyperplasia; BP, blood pressure; CCT, captopril challenge test; CT,
computed tomography; DFST, dexamethasone-enhanced fludrocortisone suppression
test; DRC, direct renin concentration; FH-I, familial hyperaldosteronism type 1; FH-II, fa-
milial hyperaldosteronism type II; FST, fludrocortisone suppression testing; FUT, furosemide
upright test; GRA, glucocorticoid remediable aldosteronism; HRT, hormone replacement
therapy; IAH, idiopathic adrenal hyperplasia; MR, mineralocorticoid receptor; MRA, min-
eralocorticoid receptor agonist; MRI, magnetic resonance imaging; NP-59, iodomethyl-
19-norcholesterol; 18-OHB, 18-hydroxycorticosterone; OC, oral contraceptives; PA, pri-
mary aldosteronism; PAC, plasma aldosterone concentration; PET, positron emission
tomography; PRA, plasma renin activity; SIT, saline infusion test; UAH, unilateral adrenal
hyperplasia
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En conclusion

• Prescrire les bon dosages, dans les bonnes conditions

• Les hypercortisolismes ont souvent d’autres signes cliniques.
En première intention, cortisolurie des 24h et freinage minute

• Le diagnostic des phéochromocytomes/paragangliome est
basé sur la mesure des dérivés méthoxylés. Ces patients
doivent être pris en charge dans des centres spécialisés

• En cas d’élévation du rapport aldostérone sur rénine, adresser
le patient pour confirmation diagnostique dans des centres
spécialisés
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