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(RE] a0 % BT RE (LC-MS/MS) Rl Jr ik o (1 R 68 R K (captopril test, CCT) FIAE #E: /K i3
I (saline infusion test, SIT) X} 5 % P4 [ 3% Z29F (primary aldosteronism, PA) 2B . & & 3R H 2018 45 2 H & 2019
AF 2 5 BRAERHE Bl BEBE N A BHISCE 09 S i s R 127 4410, 3 110 B 8 AT CCT 5%, 101 B 8 & 47 SIT i, @
i3 LC-MS/MS J7 4600 88 2 058 1y I I 3% 18 I8 1 ok B (PAC) | B 25305 P I I 961 i) /' 25 336 P L {E (aldosterone/renin ratio,
ARR K, DIFARBIZ N EEIRIE A2 Wi 4 hrif R CCT 1 SIT §) ROC #hERERTT 2 Fhialus: A2 W 48 5 A fe 4312 W a0 {2
£ R PA BT ST 0 JRURTESS LR 70 5. CCT IS RERTAR  ARR K2 [ [ i #0112 i) AUC 43514 0. 876.,0. 902 F1 0. 751;
ARR Jy6. 58, 12 W7 PA B REUEN 94. 200 KRN 78705 PAC 2k 34. 8 pg/mL i, 2 Wi PA Y RN 75. 506, e F N
93.2%, SIT J5HEEEF . ARR K s FE B0 6120 AUC 4305124 0. 881.,0. 823 1 0. 652; PAC 24 24 pg/mL i}, 2 W PA 1) R &
N8T. 2% HEFIE Ny 78.8% . ##:CCT J5 ARR il PAC #Ja[ {2k PA (IS WTHE4R . 2 Wi BRI (4 6. 5 F1 34. 8 pg/mL; SIT ik
55 PAC 24 PA 2815 . iI2 Wi ilBT A 24 pg/mL,
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Diagnostic value of liquid chromatography-tandem mass spectrometry in primary aldosteronism

CHENG Zi-yun. LU Zhi-giang"
Department of Endocrine and Metabolism, Zhongshan Hospital, Fudan University, Shanghai 200032, China

[ Abstract ] Objective: To explore the diagnostic value of captopril test (CCT) and saline infusion test (SIT) of liquid
chromatography tandem mass spectrometry (LC-MS/MS) for patients with primary aldosteronism (PA). Methods: Clinical
data of 127 hypertensive patients admitted to the Department of Endocrinology of Zhongshan Hospital from February 2018 to
February 2019 were analyzed retrospectively. Serum aldosterone and renin levels were measured by liquid chromatography-
tandem mass spectrometry (LC-MS/MS). Among the 127 patients, 111 patients underwent CCT test and 101 patients
underwent SIT test. Surgery or spironolactone test was used as the gold standard for diagnosis. Totally, 57 patients were
finally diagnosed with PA and 70 patients with essential hypertension. The changes in plasma aldosterone concentration
(PAC), renin activity, and their ratios were analyzed before and after the experiment. The ROC curves were drawn up based
on the aldosterone, aldosterone inhibition rate, and aldosterone/renin ratio (ARR). The AUC was compared and the best
diagnostic cut-off point was analyzed. Results: PA patients had higher aldosterone and ARR levels, and a lower renin level.
The AUC of aldosterone, ARR, and aldosterone inhibition rates were 0. 876, 0. 902, and 0. 751 respectively after CCT; when
the ARR was 6. 5, the diagnostic sensitivity was 94. 2% and the specificity was 78%. When the PAC was 34. 8 pg/mlL., the
diagnostic sensitivity was 75. 5%, and the specificity was 93. 2%. The AUC of aldosterone, ARR, and aldosterone inhibition
rates were 0. 881, 0. 823, and 0. 652 after SIT. When the post-aldosterone cut-off point was 24 pg/mlL, the diagnostic
sensitivity was 87. 2% and the specificity was 78. 8%5. Conclusions: Both post-ARR and PAC can be used as diagnostic
indicators of PA after CCT, and the diagnostic cut-off points are 6. 5 and 34. 8 pg/mlL., respectively. Post-PAC is the best
diagnostic indicator of PA after SIT, and the diagnostic cut-off point is 24 pg/ml.
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JE kP T [ T 3% £ (primary aldosteronism,
PA) 2 O 4k A& 1 e I s b i e DL IR, A 1
2.3 G I JE G H R R R 4 B O 1L 99%
8. 02001 13. 26, Tii 7 MEVA P o 1L 1 A8 & v o 3
17%6~2306"0 . PA (12 W7 322 53 S 92 05 i A5 L 1
IR Mo 3 A IR 6 T 0 A il g BH P i R
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(liquid chromatography tandem mass spectro-
metry, LC-MS/MS) BA R & 45 7 8 m S5
S TEZHT I TG A ILAE PA G A FEf 12 v i
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IS WHE bR 5 28 B M A 22 57, BaRGS I 1k
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LA A2 BB E

1 #ZREFE

L1 #Arxrs  [BEPEER 2018 4F 2 H 2 2019
4 2 752 BB b Ll B B 9 o i RIS A BE Y
LR 127 B 4R 18~80 %, A AbRHE: (1)
FREEPE i Il R (3 Y AR [8] B 7€ ifi & = 150/100
mmHg,1 mmHg=0. 133 kPa) . X & P4 & 1L & (B
A ARG FIPRFVLE I 3 FiRE 2597 I s K F
140/90 mmHg; 88K A A 4 Fh & LA LR 2549
IfiLFE<<140/90 mmHg) ; (2) & MfiLFE 4 I [ & V50
PR P SUR AR LAE 5 (3) & 1l & I B b IR A 5
(4) HA T M ey IR 0% 5L s & (<240 %) figi i
BRI (5 Bk H—Z0R g h A4 PA
K s JB 5 (6) iy ML 5 I B 25 A e I e R 245
HEBRARAE : (1) oAtk A Pk i it Fe s A B8 3 » Bk
e L Y Sl DK R 7 | I A A ORG24 A A 5
DR YA 4 A Bt <70
mL ¢ min ! ¢ 1. 72 m ) ; (3) 2 H L R % B &
(I 208 O B REAN 42 3 UL B s (D IFDhREA 42
JH v (8 OFF RSS2 G T i o e B 2 45 5

liquid chromatography tandem mass spectrometry; primary aldosteronism; captopril test; saline

(5) fE gk B8 H A AR B R R R B R IR T
B ARG E BRI bl B2 Be 4 B2 5
XL EC2010-70) , A £ 48 35 G 25 38 1 [R]
=,

L2 emlaf g A FT 65 A RHER A I 25 R Af
SN B 245 00, 0455 ) PROFI L I 5 i 3% 46 g 41
00 A B BK 2R 11 52 M BELI 0] L — S g 2 5
3 T O g ) A e R G A PR R B
IR AFE ] 4 J8 L HAR2g s 2 4.

L3 sdaalk DR IINR. DL EEH
KAER s A, R ] CORTEX C18 4 3%+ #E 4743
B, K Xevo TQS ACQUITY UPLC System {Y %%
(Waters 23wl » 52 [E] ) A6 0 1ML 2% 155 3] R & 2 (plasma
Ll arginine
B CE Nl AR F 2K P 08 R R PR I A Sl O
ZAH , % ] Phenomenex Kinetex C18 a4+ #4743
B, R QTRAP® 6500 (SCIEX 231 . 35 ) AL 25 6
B 25754 (plasma renin activity, PRA), PAC /Y
Ry 25~2 000 pg/mlL, & &4 H T FR
12,5 pg/ml, it Py I ) AN K 5 BE 1 78 = R AR
(coefficient of variation, CV) 43 5l 2k <<6 % Fll/NTF
10%, #SLH PAC A2 X (] 21~211. 6 pg/
mL (57 7). PRA 5 I 28 1 8 Bl o 0. 028 ~
10.000 ng « mL™ ' « h'', & H FHRN
0.028 ng » mL™" « h™ ', HEP AL ARG & E 1Y CV
B/NF 150, @A) PRA YIS XK 0. 25~
5.12ng s mL"" « h " (37f0) . 2 FpJy i o 1 5
BAIE , BEA ROV TR .

L4 HEtbAnxied T 6 00 RELE SR
L G JHF 1 T RE L R B L 25 I IR L LA S5
1.5 CCT# SIT 7% (DCCT.H{EHEF8:00 M1
IR RHEE A 25 mg. AR5 HijE kb 30 min, 7351 T k2
il 0 min  JR25/5 1 h k)52 h, R H] EDTA $igesE
B K I I PAC 11 2% ' R 1 P (plasma renin
activity, PRA) /K-, FEHE AT of 78 rp i 3 (R A
B BM . (2)SIT 35 F 8 ¢ 00 & 9 ¢ 30 [a] FF
1 IR 30 min S ] S R iy, T
4 h PSR 0. 90 EREER/K 2 000 mL, Tk
BT 0 min FIAEFRER KT 4 h )5, R EDTA it
MG BRI PAC Fl PRA /K-,

aldosterone concentration, PAC ),
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L6 BURAE PALMARIEDN 2 IR FILE R o R . R R LA

AT 1 RN AT Af 2. (DB ES ARG X T &¢
I PA B35 T2 MR 80 mg tid HARIAYT . IF T 112+E
SLRfT s AT R 25 24 . AR
IR BE P G v I 75 28] B J 42 o ()RR i i
HENHGE, W2 PA; () FARDIGR A WU ST i
JDk R it s SR B b R A B P [T P 3403 )
T UATARDIGR S _E B AR S5 BE D7 835 1% 1 #1
NGO A5 R E AR R AP 2 PA.

1.7 %4 RH SPSS 22. 0 itk i1y
ST . FFEIERATIT R TR, 25 KoR, IER
G3A H7 2555 0T R A R LR T ¢ K g
T ZEAFTERAEM k. ARIERS R M
(Pys s Prs) 3275, AR TE 2543 A %k} 21 18] be R
Mann-Whitney U 536, 50 B DL 7 (%) FoR, 4

(receiver operating characteristic, ROC) {2k % #H
KL W8 bR A7 70 B, R FH 20 % 48 20 (Youden” s
index, YD # € S fEBNTE . K38 /KHE(2) N 0. 05,

2 & R

2.1 —fFA A BRGR D BURGEE L RE
WIREE M FARIGITHHIL PA 5 57 1), Hodh B4k 31
], Lotk 26 4], S 4E RS (53, 67412, 02) %, JR A
155 I & Cessential hypertension, EH) £H & # 70
il Ho Bk 32 5], Lok 38 oL I 4E A (52, 70+
13.55)% . 2 4L AE i Pk ) L 1A R 4R B, v I R
R MRS 2 R LG F B L. PAYEHE
IR KSR T EH 41, 1 M éh & 24 h JR#EFE EH
Tt Z T HA G FRE L (P<<0.05),

R1 2ABFHN—RABILR

iy PA 4 (n=57) EH 4 (n=70) t/y? {4 P1{i
LEWS ) % 53,67+ 12,02 52.70 £ 13. 55 0. 420 0. 675
B /2o 31/26 32/38 0. 945 0.331
o I S A /4 10. 50 £7. 44 9.61%10. 33 0.583 0. 595
BMI/ (kg *+ m~2) 26.75+4.33 26.08+3.56 0. 930 0.354
SBP/mmHg 149,71 +21.50 151. 33 +20. 54 - 0. 430 0. 668
NBP/mmHg 88. 02 % 15. 64 85.49+13.17 0. 988 0.326
14/ (mmol « L™1) 143,66+ 1. 84 142,36 £2. 50 3.379 0. 001
14/ (mmol « L™1) 3.11£0.48 3.70£0. 34 -8.079 <0. 001
24 h R4 /mmol 52. 14 % 15. 88 33.13+10.27 6. 688 <0. 001

1 mmHg = 0. 133 kPa; BMI: {4545 %k ; SBP: It 45 i s NBP . 475K J& .

2.2 XIHTE PAC f2 PRA Tl Z5REGE D W
715 : CCT A1 SIT 356, PA 41 PAC #02.% T EH
. PRA MUK T EH 4, 257 A G2 L (P<

0.00D), 7£ PA41F1 EH #+, CCT A1 SIT X5 )5 1)
PAC Fi 1% fiil/'B 2% H {H (aldosterone/renin
concentration ratio, ARR)BHERIG R [ (P<<0. 001),

%2 CCT #1 SIT RIS RTf5 &% PAC.PRA F1 ARR By7K L IFER

F8FR PAH (n=57) EH 4 (n=70) ZA{g P1i
CCT
Pre-PAC/(pg » mLL™ D) 117.50(64. 20,186. 50) 47.00(30. 60,73. 00) —5.335 <<0. 001
Post-PAC/(pg * mL.™1) 72.60(33. 30,106. 90) 20. 0012, 50,21. 40) —7.336 <20. 001
Pre-PRA/(ng+smL™' «+h™1) 0. 10€0. 05,0. 27) 0. 43¢0. 14,1. 20) —5.558 <0. 001
Post-PRA/(ng * mL.™! = h™1) 0. 09€0. 04,0. 16) 0.52(0.20,1. 42) =5.296 <0. 001
Pre-ARR 137. 00(40. 70,245. 90) 9.39(4.16,26. 11) =7.136 <<0. 001
Post-ARR 51.90(18. 80,133. 10) 2.06(0.69,5.91) —7.322 <20. 001
SIT
Pre-PAC/(pg » mLL™ D) 98. 80(68. 30,196. 70) 49.20(26.90,72. 25) —4.521 <<0. 001
Post-PAC/(pg » mLL™ D) 76. 00(35.10,113. 70) 20. 0012, 50,22. 30) —06.638 <<0. 001
Pre-PRA/(ng s mL™! «h™1) 0. 10€0. 04,0.31) 0.53¢0.22,1.20) =5.034 <<0. 001
Post-PRA/(ng * mL."! = h™1) 0. 05€0. 03,0. 11) 0.21€0. 06,0. 45) —3.783 <<0. 001
Pre-ARR 127.70(33. 20,232. 90) 12.61(4.16,29. 63) —6.192 <<0. 001
Post-ARR 92. 30(35. 30,340. 40) 9.18(3. 13,31. 69) —5.563 <<0. 001

Pre-PAC: 12036 Hij 1 35 [ [ BRI JE s Post-PAC. 15 f 10 5 18 [ A ¥k 2
Pre-ARR : 50 i [ il /15 % HAH ; Post-ARR . X560 5 1 [ /15 3% HLAHL

s Pre-PRA.: T3 A7 11 5 5 3R 17 78 5 Post-PRA 1B 5 1L 3% W 2R 3% 11k 5
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2.3 CCT W94 i af sk 5 b B 18 451 i 2 bz —R% o PA,WIFE 84 il 3 vh

(K D B~: CCT % J5 PAC,ARR K PAC 1]
Zxt I 19 AUC 43 51k 0. 876 (95% CI 0. 804 ~
0.948).0. 902 (95% CI 0. 846 ~0.959) #1 0. 751
(95%C1 0. 659~0. 842), =FH M.k 5 ARR
MIZW s . 24 ARR=6. 5 I, YT {Hik 3 i
KW REUE N 94. 290, K7 R 78. 0%, #7 VU
KI5 PAC 4 X%HH 412 Wi de . PAC=34. 8 pg/
mL W B R TF & 93, 2% (Hi2 Wi il R A5
RE275. 5%, CCT HORIRHEFRIIZ I E W3R 3,

1.0
— CCTJGPACHIHI %
— CCTJGPAC
0.8F CCTJ7ARP
— BHk
N 0.61
®o.4
0.2
0

02 04 06 08 10
1= 5t

1 CCTiZErfir{ER) ROC Hh %k
£ 3 CCT HARHERMZHE B EFIZEH N E

izt WWHE REE/ % FERE/ % Y1
Post-PAC 23.7 86. 8 78.0  0.648
26.2 83.0 8.4 0.644
29.5 79.2 86.4  0.656
Post-ARR 34.8 75.5 93.2  0.687
6.5 94,2 78,0 0.722
10. 4 81.1 81.4  0.625
17.9 77. 4 86.4  0.638
PAC i % 22,2 71.7 91.5  0.632
17.7 83.9 58.5  0.424
22,7 80. 4 60.4  0.408

2.4 SIT 899 W 84w AR5 BT 45 R (&
2.3 DR SIT J§ PAC.ARR J% PAC #ij il %%t
M AUC 43512k 0. 881(95%CI 0. 810~0. 952) ,
0.823(95% CI 0. 738 ~0. 909) FI 0. 652 (95% CI
0.544~0. 760), SIT J§ PAC 132 Wi %0 % ¢ 5
PAC #Wi {4 24 pg/mL B YI 35 % ok, 2 Wi R
TR 87, 2% R SE R 78.8%,

2.5 CCT #= SIT B4 W 64 48 |7 B 5% 1%
CCT Fn SIT 1 i % 84 i, 2Lk CCT J§ ARR >
6.5.SIT J5 PAC>24 pg/mL {£2h PA (2 Widnife,

T2 2 B H2 BN 2 15 ], 208 Fke =
BEAr R 97. 7% 0 82. 2%, # LA CCT Jg PAC>
34. 8 pg/mL.SIT 5 PAC>24 pg/mL {E Ni2 Witn
e NFE 84 il 8 F thifmi2 4 B, 212 9 1, REEE RN
S BE AR 95. 3% i1 89. 3%,

1.0
— SIT/EPAC
— SIT/GARP
0.8 A — SITJFPACHIHIH
1 0.6F
®o.4f
02t
0

0.2 0.4 0.6 0.8 1.0

1—HE )%

2 SITi2ET M {ERI ROC B2k
x4 SIT WA EIEIRAS TS BT ES BT NE

Ei=tan WWE REJE/ % ReRIE/ 0 Y
Post-PAC 24,0 87.2 78.8 0. 660
35.0 76. 6 84. 6 0.612
43.7 72.3 92,3 0. 646
Post-ARR 22,3 83.0 69. 2 0.522
31.3 80.9 75.0 0. 559
33.2 78.7 78.8 0.575
41.0 72.3 82.7 0. 550
PAC i % 35.9 67.3 61.7 0. 290
56.9 55. 8 76. 6 0.324
3 it i

P [ A2 R B S 3 A PR 2 P B R 2 —
AL 3 P9 L ] e 228 5 — R 90 il e S B ke T
(1 L AL PR A P ) S AR AR L peg/mL g AT A
BRI 77 7 VR X o 1% G A 0 56 AT S 8 0 A
FRIGIEST A TS R ) S A [
WERATAESS U X 2 R I AERL I 45 58 L AR A
FERRBHG AL S » SR FANTR] T e A0k A 00 445 21
ML R B Z AT L B F A H AT 5% PRA R
15 FHRE 2 A5 R E A R v R
HL A A 13 i » {ELHC 5 1B 3R D7 A A 58 S i
AP R R R B Ah It 5) 52 B ME R 1
G B 5 1 R T A M R T I e T S
LD PRA WAFE SRS T AR RS
S5 [ AL () A RE 7 A ] p TR AU S 57 A 2 45 o



862 Chinese Journal of Clinical Medicine, 2021, Vol. 28, No. 5

hERREY: 20214 10 4 45288 555 1)

PRA Z5 B2 s . LC-MS/MS #65: v] ik
G Ko DN B 18 58 S o LA B R A R ) R B R R
5L IE R HTIRO H 928 5 B A 24 ] e i 2R il 1) 4
*/%7&[12 13] .

FE N4 E 43 2016 AR R HEREND PA 112
RIS ARG 4 BT, 32 B TR0 FH 245 Rl R E A
W HBITFBEZ M2 SIT Al CCT, CCT k55 #/E
fRTAE S AN S B INAE P25 o B far s AN B RN /DN 2 f
FEA S DAAA  1) vRg I 8™ E O T REAS A AT A
HE IR . IER AT CCT A M E ok &
G A A ) 00 98 1R 7 00 ) TR P R A A
T3 PAC BRI, CCT 2tk RBAE AR VS 7 ABEP Y
S5 — Rossi 1 7E 1125 Fl B i ififr i 317
W FH 1 B % 9 64T CCT, 45 5 & 31, PAC B 385
pmol/L(EJl 13. 9 ng/dL) BHZ Wit {EH K . LW R A
JERIRE 5 JE S 69. 696 F1 7406, R E A H AL
BRE TR GE 1 CCT 32 W7tk e 4 vy s i 56 )
PAC 2 Wi{E N 11~25 ng/dL, JRA #F5E 1A
KUK 5 ARR 1B Ry i2 Wi 6 A5 B 14 12 b Ag
. MIEmEME &, EETEFE A NIE PA BE
7 CCT J5 11 PAC #ifil %0 K F 30% , Fe =™ A H
ANPGRS W E U 308 11 ng/dL
12 ng/dL, A5 dx) 111 f] B F 317 CCT, 45
KIS ARR B 6. 5 BH2 W Rg i £, BLES
7 52 ) PA & w2 3 411,59 ] EH 4183 iR
2 13 #il, [ e, 23K 5 5 PAC # Wi {6
34. 8 pg/mL(RI 3. 48 ng/dL) A}, 2 B i 55 5 B 15
93. 2%, HF 12 1 50 45 5 % O A% 0 75 3k T iR 12
WA CCT J5 PAC R i2 WrbnifE Bk {8 .

SIT J& AN & ) iz 8 PA #1215, (H
TR T BRI R PN A I S B R, T RE
YR ML R BT 25 o0 00 3 98 | P i o 25 L 5% RO
IREAS 4 ™ A ILAE () 28 P DO AR . K
WA EIA AT RS 5 PAC 1R 2 Wids . (H fir
5 s AR BT S 2 W I (AR R 25 5. &
XFPE 0 NBERF 5T A Wi 2y 6 ~7
ng/dL, & EI5FE R SIT i PAC>10 ng/dL 7] #ff
2 PA, <5 ng/dL W HEBR PA, A HEFETH K
HH %ot o ) AR AT 5 75 28] %) e AR AR D P ¢ 7 )
FAim» SIT J5 PAC e fE# W E P sh 78 8 ~14. 5
ng/dL. 534, SIT X5 B & — @ AR, &
— IR AR B b % i K R I R 32 W 4 b o 1 N RE
AW L SIT 5 PAC #IBHE A 5 ng/dL B,

BFA 29 % TS EI 10 ng/dL i, I§i2 Tt
F 370, AWFFEXT 101 fl B F #4177 SIT, Hp 2
B PR ol 3ot v 28 1 i, AR IA Ol SIT #5844, [H]
FEXHAL JF PAC.ARR Al PAC 3R 3 MR AR
SIHrEE AR RIS S5 PAC 2 Wi (i & T Hifh 4g
Fro MERWTEE 24 pg/mL(2. 4 ng/dL) B, 72 G
FRE S RE 291y 87. 2% 11 78. 8%

H AT ] SCHERGE 19 PA 2 W8 (A 7776 B 8
P55 38 25 S IR O3 S R I 98 N SO O 52
BN s oot 5 b A 0T i A i A oy
Wb (IR B B A7 7 — 2 R E P S5 R
RS, eI PR 2 A6 I B AR X 35 25
FIUERRPE A A SE0E RO 2, AREF5E3HT LCMS/
MS HEARET PA #2056 12 W7 1 (8 AR B, 25
SRAHE A AR A SCRRIER DB 3 B B AR IX T R
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