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RAS-Equilibrium-Analysis	is	a	novel	mass	spectrometry	based	approach	providing	a	comprehensive	biochemical	evaluaFon	of	the	circulaFng	renin-angiotensin-system	(RAS)	on	the	
basis	of	equilibrium	angiotensin	levels	and	circulaFng	aldosterone.	In	contrast	to	previous	technologies	involving	complex	sampling	procedures,	RAS-Equilibrium-Analysis	combines	
the	robustness	and	accuracy	of	LC-MS/MS	based	quanFficaFon	with	the	versaFlity	of	serum	sample	collecFon	to	generate	a	highly	reproducible	readout	containing	mulFple	layers	of	
informaFon	regarding	the	biochemical	features	of	the	circulaFng	RAS.	Equilibrium	levels	for	Angiotensin	I,	Angiotensin	II	and	Aldosterone	are	simultaneously	measured	in	a	single	
sample	 of	 500µl	 standard	 collected	 serum.	 SophisFcated	 semi-automaFc	 sample	 processing	 in	 combinaFon	 with	 stable-isotope	 based	 internal	 standardizaFon	 assure	 highest	
accuracy	of	test	results	and	full	compaFbility	with	clinical	rouFne.	ResulFng	absolute	serum	concentraFons	of	these	three	key	molecules	of	the	RAAS	are	the	basis	for	diagnosFc	
raFos	and	surrogate	markers.	Derived	from	a	single	blood	test,	these	markers	can	be	used	for	monitoring	of	the	in	vivo	pharmacologic	efficacy	of	ACE	inhibitors,	the	evaluaFon	of	
RAAS	acFvity	and	the	diagnosis	of	primary	aldosteronism	(PA).				
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RAS-Equilibrium	Analysis	and	“RAAS	Triple-A”	TesAng	

MDx-Based	Treatment	of	Hypertension	

ACE:	The	eqAng	II/eqAng	I-RaAo	PA-Screening:	The	AA2-RaAo	
Healthy	Volunteers	on	ACE-Inhibitor	Treatment			
10	mg	Enalapril	per	Day,	Single	Dose,	8	Days,	N=11	
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Ang	II	–	Producers	
•  Angiotensinogen	
•  Renin	
•  Soluble	ACE,	Chymase	

Ang	II	-	U1lizers	
•  AminopepFdases		

•  ACE2,	PRCP	

Combining	Molecular	Profiling	of	Hypertension	with	Advanced	Screening	
for	Primary	Aldosteronism	by	RAAS	Triple-A	Tes1ng				

	

Sample	collecAon	and	processing:	
•  Upright	sampling	at	rest	
•  CollecFon	of	standard	serum	(fresh	or	frozen)	
•  OpFonal	freezing	
•  Controlled	ex	vivo	equilibraFon	
•  LC-MS/MS	quanFficaFon	of	Angiotensins	+	Aldosterone	

„Circula1ng“	
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„Equilibrium“	

Circula1ng	vs.	Equilibrium	Angiotensin	Levels	

Healthy	Volunteers	+/-	ARB	Treatment	Healthy	Volunteers	at	Baseline	

è	Equilibrium-Angiotensin-Levels	highly	correlate	with	in	vivo	circula1ng	levels		

Unlike	ARR,	the	AA2-RaAo	is	unaffected	by	ACE-Inhibitor	Treatment			
Healthy	Volunteers:	10	mg	Enalapril	per	Day,	Single	Dose,	8	Days,	N=12	

Renin:	eqAng	I	+	eqAng	II	

ARR%for%Case%Detec)on%of%Primary%Aldosteronism%
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Primary!aldosteronism!(PA)! is! severe! form!of!hypertension!characterized!by!a!strongly! increased!aldosterone!secre?on!mediated!by!adenomas!or!other! forms!of!adrenal!hyperH

ac?vity.!Once!detected,!PA!can!be!usually!cured!by!either!surgical!interven?on!or!by!appropriate!pharmacologic!treatments.!This!is!also!reflected!in!clinical!guidelines!of!Endocrine!

Socie?es!in!Europe!and!the!US,!sugges?ng!extensive!PA!screening!ac?vi?es!among!resistant!hypertensive!pa?ents.!The!incidence!of!PA!among!hypertensive!pa?ents!varies!strongly!

between!different!studies,!which!is!in!part!caused!by!the!complex!stateHofHtheHart!tes?ng!procedure!that!unfortunately!is!far!away!from!being!a!versa?le!PA!screening!tool.!Despite!

strong!limita?ons!regarding!selec?vity,!sensi?vity!and!the!interference!with!mul?ple!an?Hhypertensive!drugs,!the!aldosteroneHreninHra?o!(ARR)!is!widely!used!for!PA!case!detec?on.!

However,! there! is! s?ll! a! strong!demand! for!accurate!and! reliable!and!pa?ent! friendly!PA!case!detec?on.!The!use!of!novel! and!more!accurate! technologies! for!quan?fica?on!of!

aldosterone!and!renin!ac?vity!might!help!to!improve!the!power!of!the!ARR!as!a!diagnos?c!tool!for!PA.!However,!there!is!a!big!need!for!a!versa?le!PA!screening!assay!that!doesn’t!

interfere!with!an?Hhypertensive! treatments!and! therefore!allows! the!clear! iden?fica?on!of!PA!pa?ents!without!complex!correc?ons!and!adap?ons!being!necessary!and!without!

increasing! the! pa?ent’s! cardiovascular! risk! in! the! course! of! the! diagnos?c! process.! The! AldosteroneHtoHAngiotensin! IIHRa?o! (AA2HRa?o)! is! a! novel! and! promising! tool! providing!

improved!diagnos?c!power!for!PA!screening!among!hypertensive!pa?ents!on!treatment.!It!is!based!on!the!quan?fica?on!of!physiologically!ac?ve!angiotensin!II!and!aldosterone!and!

therefore!provides!a!direct!readout!for!detec?ng!angiotensin!II!independent!aldosterone!secre?on.!!!!
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!!Independent!of!Drug!Treatments!
! Direct!link!between!Ang!II!and!Aldo!
! Reduced!VariaGon!
! Enhanced!Performance!in!Screening!

Renin+=>+Angiotensin+II+?+
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!+AA29Ra:o+is+independent+of+renin+

AA29Ra:o+ARR+

The+AA29Ra:o+for+PA9Case+Detec:on:+
%

! Independent!of!RAAS!interfering!drugs!!
! Reduc?on!of!cardiovascular!risk!in!diagnos?c!process!!
! Larger!diagnos?c!window!!
! Increased!sensi?vity!and!specificity?!
! No!confirma?on!tes?ng?!(cost!reduc?on)!
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-  ACEi	efficacy	

Ang	I	+	Ang	II	 -  Renin	AcFvity	

Aldo/Ang	II	
[pM/pM]	

AA2-Ra1o	 -  Primary	Aldo	
-  ARB	efficacy	

=>	1	Serum	Sample,	1	Analy1c	Run	(LC-MS/MS)	
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49,7 (1-7) 

<3 

(1-5) 
1,3 

(2-8) 
<2 

(3-8) 
1,2 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
<3 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
32,8 

(1-9) 
<4 

(1-8) 
151,5 

(1-7) 
<4 

(1-5) 
1,8 

(2-8) 
4,8 

(3-8) 
3,3 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
<3 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
103,2 

(1-9) 
<4 

(1-8) 
282,5 

(1-7) 
<3 

(1-5) 
2,8 

(2-8) 
7,1 

(3-8) 
6,7 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
3,1 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
111,2 

(1-9) 
<4 

(1-8) 
260,8 

(1-7) 
<4 

(1-5) 
3,6 

(2-8) 
5,8 

(3-8) 
7,4 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
5,3 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
73,0 

(1-9) 
<4 

(1-8) 
275,8 

(1-7) 
<3 

(1-5) 
3,5 

(2-8) 
7,9 

(3-8) 
7,5 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
<4 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
91,2 

(1-9) 
<3 

(1-8) 
278,0 

(1-7) 
5,4 

(1-5) 
4,0 

(2-8) 
7,5 

(3-8) 
6,9 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
5,1 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
102,1 

(1-9) 
<4 

(1-8) 
310,1 

(1-7) 
<3 

(1-5) 
4,0 

(2-8) 
4,2 

(3-8) 
7,5 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
4,6 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
164,9 

(1-9) 
<4 

(1-8) 
415,7 

(1-7) 
<4 

(1-5) 
6,2 

(2-8) 
12,8 

(3-8) 
13,1 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
6,7 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
229,8 

(1-9) 
<4 

(1-8) 
694,6 

(1-7) 
10,6 

(1-5) 
8,3 

(2-8) 
21,7 

(3-8) 
20,1 

(2-7) 
<8 

(3-7) 
<1 

(2-10) 
6,9 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
123,8 

(1-9) 
<5 

(1-8) 
421,8 

(1-7) 
5,7 

(1-5) 
5,3 

(2-8) 
7,9 

(3-8) 
11,3 

(2-7) 
<6 

(3-7) 
<1 

(2-10) 
<6 

Equilibrium'Analysis'

Sample'#1'
(pre,dose)'

Sample'#2'
(2h)'

Sample'#3'
(4h)'

Sample'#4'
(8h)'

Sample'#6'
168h'(pre,dose)'

Sample'#7'
170h'(2h)'

Sample'#8'
172'(4h)'

Sample'#9'
176'(8h)'

Sample'#10'
192'(24h)'

Sample'#5'
(24h)'

AC
Ei
'

RE
N
IN
i'

AR
B'

Ba
se
lin

e'

Sample'#1'
(pre,dose)'

Sample'#2'
(2h)'

Sample'#3'
(4h)'

Sample'#4'
(8h)'

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
12,4 

(1-9) 
<4 

(1-8) 
68,3 (1-7) 

<4 

(1-5) 
1,3 

(2-8) 
<3 

(3-8) 
<1 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
<2 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
11,2 

(1-9) 
<4 

(1-8) 
60,5 (1-7) 

<4 

(1-5) 
1,1 

(2-8) 
<2 

(3-8) 
1,4 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
<3 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
15,5 

(1-9) 
<4 

(1-8) 
45,4 (1-7) 

<4 

(1-5) 
<1 

(2-8) 
<2 

(3-8) 
1,0 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
<2 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
16,2 

(1-9) 
<4 

(1-8) 
40,3 (1-7) 

<3 

(1-5) 
1,7 

(2-8) 
<2 

(3-8) 
<1 

(2-7) 
<7 

(3-7) 
<1 

(2-10) 
<4 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
15,8 

(1-9) 
<3 

(1-8) 
55,0 (1-7) 

<3 

(1-5) 
1,1 

(2-8) 
<2 

(3-8) 
2,0 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
2,3 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
177,3 

(1-9) 
<4 

(1-8) 
9,9 (1-7) 

3,7 

(1-5) 
<1 

(2-8) 
<2 

(3-8) 
<1 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
10,1 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
423,6 

(1-9) 
<4 

(1-8) 
14,3 (1-7) 

16,3 

(1-5) 
<1 

(2-8) 
<2 

(3-8) 
<1 

(2-7) 
<6 

(3-7) 
<1 

(2-10) 
25,8 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
624,2 

(1-9) 
<5 

(1-8) 
15,2 (1-7) 

23,6 

(1-5) 
<1 

(2-8) 
<2 

(3-8) 
<1 

(2-7) 
<6 

(3-7) 
<1 

(2-10) 
35,4 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
163,9 

(1-9) 
<4 

(1-8) 
62,5 (1-7) 

<4 

(1-5) 
1,6 

(2-8) 
<3 

(3-8) 
2,0 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
7,5 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
259,6 

(1-9) 
<4 

(1-8) 
79,5 (1-7) 

7,5 

(1-5) 
1,7 

(2-8) 
2,4 

(3-8) 
1,5 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
11,6 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
959,4 

(1-9) 
<3 

(1-8) 
37,7 (1-7) 

33,1 

(1-5) 
<1 

(2-8) 
<2 

(3-8) 
1,3 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
88,1 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
915,8 

(1-9) 
<3 

(1-8) 
15,5 (1-7) 

42,9 

(1-5) 
1,1 

(2-8) 
<2 

(3-8) 
<1 

(2-7) 
<5 

(3-7) 
1,3 

(2-10) 
64,2 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
979,3 

(1-9) 
<5 

(1-8) 
51,3 (1-7) 

42,8 

(1-5) 
<1 

(2-8) 
<2 

(3-8) 
<1 

(2-7) 
<6 

(3-7) 
1,9 

(2-10) 
61,9 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
158,3 

(1-9) 
<4 

(1-8) 
123,2 

(1-7) 
6,6 

(1-5) 
2,1 

(2-8) 
3,4 

(3-8) 
3,5 

(2-7) 
<6 

(3-7) 
<1 

(2-10) 
11,5 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
18,8 

(1-9) 
<3 

(1-8) 
89,4 (1-7) 

<3 

(1-5) 
1,8 

(2-8) 
<2 

(3-8) 
1,9 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
<2 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
<5 

(1-9) 
<4 

(1-8) 
7,5 (1-7) 

<3 

(1-5) 
<1 

(2-8) 
<3 

(3-8) 
<1 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
<4 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
<5 

(1-9) 
<4 

(1-8) 
6,9 (1-7) 

<3 

(1-5) 
<1 

(2-8) 
<2 

(3-8) 
<1 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
<2 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
<6 

(1-9) 
<5 

(1-8) 
29,3 (1-7) 

<3 

(1-5) 
<1 

(2-8) 
<3 

(3-8) 
<1 

(2-7) 
<6 

(3-7) 
<1 

(2-10) 
<3 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
7,3 

(1-9) 
<5 

(1-8) 
63,7 (1-7) 

<4 

(1-5) 
<2 

(2-8) 
<3 

(3-8) 
1,6 

(2-7) 
<6 

(3-7) 
<1 

(2-10) 
<3 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
10,4 

(1-9) 
<4 

(1-8) 
48,2 (1-7) 

<3 

(1-5) 
<1 

(2-8) 
<2 

(3-8) 
1,3 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
<3 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
<5 

(1-9) 
<4 

(1-8) 
22,1 (1-7) 

<4 

(1-5) 
<1 

(2-8) 
<2 

(3-8) 
<1 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
4,0 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
<5 

(1-9) 
<4 

(1-8) 
21,1 (1-7) 

<4 

(1-5) 
<1 

(2-8) 
<2 

(3-8) 
<1 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
<2 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
7,8 

(1-9) 
<5 

(1-8) 
33,1 (1-7) 

<3 

(1-5) 
<1 

(2-8) 
<3 

(3-8) 
<1 

(2-7) 
<7 

(3-7) 
<1 

(2-10) 
4,0 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
12,8 

(1-9) 
<4 

(1-8) 
55,9 (1-7) 

<4 

(1-5) 
<1 

(2-8) 
<2 

(3-8) 
1,1 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
<3 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
12,7 

(1-9) 
<4 

(1-8) 
49,7 (1-7) 

<3 

(1-5) 
1,3 

(2-8) 
<2 

(3-8) 
1,2 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
<3 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
32,8 

(1-9) 
<4 

(1-8) 
151,5 

(1-7) 
<4 

(1-5) 
1,8 

(2-8) 
4,8 

(3-8) 
3,3 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
<3 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
103,2 

(1-9) 
<4 

(1-8) 
282,5 

(1-7) 
<3 

(1-5) 
2,8 

(2-8) 
7,1 

(3-8) 
6,7 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
3,1 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
111,2 

(1-9) 
<4 

(1-8) 
260,8 

(1-7) 
<4 

(1-5) 
3,6 

(2-8) 
5,8 

(3-8) 
7,4 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
5,3 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
73,0 

(1-9) 
<4 

(1-8) 
275,8 

(1-7) 
<3 

(1-5) 
3,5 

(2-8) 
7,9 

(3-8) 
7,5 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
<4 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
91,2 

(1-9) 
<3 

(1-8) 
278,0 

(1-7) 
5,4 

(1-5) 
4,0 

(2-8) 
7,5 

(3-8) 
6,9 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
5,1 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
102,1 

(1-9) 
<4 

(1-8) 
310,1 

(1-7) 
<3 

(1-5) 
4,0 

(2-8) 
4,2 

(3-8) 
7,5 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
4,6 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
164,9 

(1-9) 
<4 

(1-8) 
415,7 

(1-7) 
<4 

(1-5) 
6,2 

(2-8) 
12,8 

(3-8) 
13,1 

(2-7) 
<5 

(3-7) 
<1 

(2-10) 
6,7 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
229,8 

(1-9) 
<4 

(1-8) 
694,6 

(1-7) 
10,6 

(1-5) 
8,3 

(2-8) 
21,7 

(3-8) 
20,1 

(2-7) 
<8 

(3-7) 
<1 

(2-10) 
6,9 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
123,8 

(1-9) 
<5 

(1-8) 
421,8 

(1-7) 
5,7 

(1-5) 
5,3 

(2-8) 
7,9 

(3-8) 
11,3 

(2-7) 
<6 

(3-7) 
<1 

(2-10) 
<6 

Equilibrium'Analysis'

Sample'#1'
(pre,dose)'

Sample'#2'
(2h)'

Sample'#3'
(4h)'

Sample'#4'
(8h)'

Sample'#6'
168h'(pre,dose)'

Sample'#7'
170h'(2h)'

Sample'#8'
172'(4h)'

Sample'#9'
176'(8h)'

Sample'#10'
192'(24h)'

Sample'#5'
(24h)'

AC
Ei
'

RE
N
IN
i'

AR
B'

Ba
se
lin

e'

Sample'#1'
(pre,dose)'

Sample'#2'
(2h)'

Sample'#3'
(4h)'

Sample'#4'
(8h)'

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
12,4 

(1-9) 
<4 

(1-8) 
68,3 (1-7) 

<4 

(1-5) 
1,3 

(2-8) 
<3 

(3-8) 
<1 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
<2 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
11,2 

(1-9) 
<4 

(1-8) 
60,5 (1-7) 

<4 

(1-5) 
1,1 

(2-8) 
<2 

(3-8) 
1,4 

(2-7) 
<4 

(3-7) 
<1 

(2-10) 
<3 

A
P 

A
P 

A
C

E
 

A
C

E
 

A
C

E
 

N
E

P 
A

C
E

 

(1-10) 
15,5 
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Equilibrium'Analysis'

Sample'#1'
(pre,dose)'

Sample'#2'
(2h)'

Sample'#3'
(4h)'

Sample'#4'
(8h)'

Sample'#6'
168h'(pre,dose)'

Sample'#7'
170h'(2h)'

Sample'#8'
172'(4h)'

Sample'#9'
176'(8h)'

Sample'#10'
192'(24h)'

Sample'#5'
(24h)'
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pre-dose	 4h	 pre-dose	 4h	
Day	1	 Day	8	

EQ-(Ang	II/Ang	I	)–	Ra1o	suppressed	by	ACEi	!	

4,26	
[pM/pM]	

0,04	
[pM/pM]	

0,38	
[pM/pM]	

0,02	
[pM/pM]	

Ang	I	

Ang	II	

=>		„RAAS	Triple	A	TesAng“	
						of	uncontrolled	hypertensive	
						pa1ents	on	therapy	as	
						a	molecular	basis	for	early	
						therapeu1c	decisions	to	
						increase	treatment	efficacy?		

	 		

CorrelaAon	with	PRA	in	Hypertensive	PaAents	(N=124)	
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[eqAng I + eqAng II] vs. PRA

Pearson	r	=	0.986	

Healthy	Volunteers	on	ARB	or	ACE-Inhibitor	Treatment			
10	mg	Enalapril	or	50mg	Losartan	per	Day,	Single	Dose,	8	Days,	N=12	

Healthy	Volunteers	on	ACEi	or	ARB	Treatment			
10	mg	Enalapril	or	50mg	Losartan	per	Day,	Single	Dose,	8	Days,		
N=12,	6	Time	Points,	144	Data	Pairs	(green:	4h	following	oral	ACEi)	
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[eqAng I + eqAng II] vs. DRC
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Pearson	r	=	0.811	
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ARR on ACEi treatment
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AA2-Ratio on ACEi Treatment
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DRC vs. Ang II

Strong	correla1on	between	PRA	and	[eqAng	I	+	eqAng	II]	!	

PA-PaAents	during	FST	ConfirmaAon	TesAng	
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Suggests	the	possibility	of	PA-Screening	on	ACE-Inhibitors!	

Hypertensive	Pa1ents		
on	Therapy		

	=>	First-Line	Non-Responders	

Low	Renin	 Normal/High	Renin	
Ang	I	+	Ang	II	<50	pM	 Ang	I	+	Ang	II	>50	pM	

High	AA2-Ra1o	
Aldosterone/Ang	II	>10	pM/pM	

Primary	Aldosteronism	(PA)	

Low/Normal	AA2-Ra1o	
Aldosterone/Ang	II	<10	pM/pM	

Low/Normal	AA2-Ra1o	
Aldosterone/Ang	II	<10	pM/pM	

Low-Renin	Hypertenesion	
Ang	II/Ang	I	<0.5					=>	ACEi	effec1ve	

AA2-RaFo	<0.5								=>	ARB	effec1ve	

	

N/H-Renin	Hypertension	
=>	ConfirmaFon	TesFng	

		=>	Adrenal	Vein	Sampling	

Ang	II/Ang	I	<0.5					=>	ACEi	effec1ve	

AA2-RaFo	<0.5								=>	ARB	effec1ve	

	


