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HWP L Wil Hik: BB 20234E1 5 E20245E 1T BER K EE — B EB 214 K 24 Stanford
BREIAD B & KA IR AL, BT IERE M AR AH R K5 K AFEELISASEIR I IE . 8558 : fRiE BT
. N-ZBiERER. D-HHBREREMEADAF SEHER THCH, 2 HERBRITHEEN(P <
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(P <0.001), HHHERSEsNIkFEHFRMERE( = -0.835). F  RKABE(AD = 82, HC = 82) A FIER
B 40 55 T -1 2 (Enzyme-Linked Immunosorbent Assay, ELISE)RF| &7, B2JAD vs HCH
HANFERAEADA R AR THCA, ERFLAITEE L (AD: 1.527 + 0.215; HC: 2.116 + 0.249, AD vs
HC,P<0.001). #—PT AR 5AD B H AR RIKARES TR HAER SRR HWm=0E. &
HEEE. &% K%, SIHLRKCK-MBEWIEMR, RI/RBMHRAE S 7&0.025. 0.015. 0.210,
0.264. 0.293. 0.170, M5/RE. VB M. SEIZE. HEE. EEESHALEME. CK. DFE. C
RNEH. ANR-6 KEERIESHAMER, RIKBHEXAFrAN-0.05. -0.215, -0.037. -0.265.

-0.084. -0.098. -0.168. -0.392. -0.626. -0.457. -0.647. BZXHEREETMN X 4 Stanford BEIAD
FIHC, AUCE40.959, 95%CI: 0.927~0.990, P<0.001, Z&#H%450.878, REEH0.927, H
ER0.951. 45ie: SiiEStanford BREIADF HERERK-FEAR, TlZW 2 tStanford BEL EF kK Z I3
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Abstract

Objective: Observing the changes in plasma metabolite pyruvate levels in patients with acute Stan-
ford B aortic dissection (AD) and exploring its predictive diagnostic value. Method: We identified
28 patients with acute Stanford B AD treated at the First Affiliated Hospital of Xinjiang Medical Uni-
versity from January 2022 to July 2023, and matched them with 28 healthy control subjects. Conduct
non targeted metabolomics testing and expand population ELISA experiments for validation. Re-
sults: The metabolites of Agmatine, N-Acetyl-L-phenylalanine, and D-glycerate Acid were signifi-
cantly higher in the AD group than in the HC group, and the distribution difference was statistically
significant (P < 0.001).The levels of metabolites such as N-2-Phospho-D-glyceric acid, L-Histidine, L-
Citrulline, 1-Stearoyl-2-arachidonoyl-SN-glycerol, L-Lactic Acid, Pyruvic Acid, Sn-Glycero-3-Phos-
phocholine, L-Ornithine, L-Proline and Nicotinic Acid in the AD group were lower than those in the
HC group, and the distribution difference was statistically significant (P < 0.001). Among them, py-
ruvate had the strongest correlation with aortic dissection (r = -0.835). Expanded population (AD
= 82, HC = 82) was validated using the Enzyme Linked Immunosorbent Assay (ELISE) kit, and it was
found that the content of pyruvate in the AD vs HC group was lower than that in the HC group, with
statistical significance (AD: 1.527 + 0.215; HC: 2.116 * 0.249, AD vs HC, P < 0.001). Further correla-
tion analysis between pyruvate and blood biochemical indicators in AD patients revealed that py-
ruvate was positively correlated with uric acid, triglycerides, total cholesterol, high-density, low-
density, total bilirubin, and CK-MB, with Pearson correlation coefficients of 0.025, 0.015, 0.210,
0.264, 0.293, and 0.170, respectively. However, it was negatively correlated with urea, creatinine,
blood glucose, total bilirubin, straight bile, unconjugated bilirubin bile, CK, D-dimer, C-reactive pro-
tein, interleukin-6, and procalcitonin, with Pearson correlation coefficients of -0.05, -0.215, -0.037,
-0.265,-0.084.-0.098, -0.168, -0.392, -0.626, -0.457, —-0.647. The final prediction of pyruvate dis-
tinguishes Stanford B AD and HC, with an AUC value of 0.959, 95% CI: 0.927~0.990, P < 0.001,
Youden index of 0.878, sensitivity of 0.927, and specificity of 0.951. Conclusions: The levels of py-
ruvate in acute Stanford B AD are low, indicating good predictive diagnostic efficacy for acute Stan-
ford B AD. It can serve as a potential new biomarker and provide a theoretical basis for exploring
fast and sensitive predictive diagnostic methods in clinical practice.
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Stanford B ! 3 3l ik 3% 2 (Aortic Dissection, AD) & —Ff /™ 5 fis T Ax Ay {0 O IV 00, A 8 i 1D 0
HEA, ZH Stanford B AD HAEING .. KIERAR F. ARTFRAIRE R, MEEZK AD KIERHEN
(2.6~6.0)/10 Ji. 2VEF Bk E E FriEMF 7T (The International Registry of Acute Aortic Dissection, IRAD)
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45 R R Stanford B AD B3 4 i 25896 )21 33% [1]. B %Y AD BE IR AR 21, 5 ONUEIEE
ik ZE (FREIRAIALL, A IPAEIRA B E . Ktk B 7 AD fE4EME LN, FEEENIRKLK . AD f£RE
BITHEE T, B R ARG AT 3R AN 290 1%, 1 WL A K HERf (112 I F k0S4 1 PR 7
TF LA = B 3 2 R (2]

AR 2 2 AE R 50 T O 10 39975 77 THT L J o A, — SRR AIE M AR 4 A OO R K o0 3508
SR B Jik 5 9 S5O XL 93 DRSS F0U BR1 7+ [3] o AT IR A A B0t 9 3 T M = 3 ko, G0 SR Eh A%
AR EhAE T B KB R, AIVE NI AE A bR EAD[41-[7] - BEATHIE T CALE W T R R 2 A P 7 A2 1) =
B2, CRVERRISR BT, WEHRRAE =K E TR ARSI R it s EERRRAIEH8], A
HAE[9]. SR P R R 5 32 Bh ik 2 )2 2 TR 1) 96 2R i AR R0 - R AR I 58 8 UkOWL 8% 2 Stanford B A2 AD %
N IMRACE PN AR KV A28 4k, PRV B RE 7E S Stanford B 22 AD HH (9 TR B -

2. EREH&E
2.1 —fgEEs

M 2023 451 H % 2023 4E 7 H, {ERT R RIS — B @ = B MR 2 W7y Stanford B 7Y AD %% 28
%y VLK IR SIAE S R R R R 27 B — PR R I B A Ao P 4 e N 28 44 kAT MR ARIT 2 22 20 i o [RIIFAMN T AN
2023 4F 1 H %2 2024 4F 1 7 SIEAE W 98 DR 27 28 — i J& = e WA i 12 v Stanford B 24 AD &% 82 44,
DA% [ HH7E 37 5 e RL K 25 35 — Bt Jas e e A4 A (i e AN 82 44, HEATH™ K NHE ELISA B1iF . AD AN\
#E: 1) 18~80 il id E Bk CTA i2Wi 4 Standford B 7 ik 2 )2 HR Wi 14 RN MR . HiRbx
HE: BN, FBIBKBR AL SR S . R A IR TES TR RIERGE . B BEER . 2)HC
I NARHE: FHSTE 18~80 & HIC WM S M BB IR . HERRARHE: 120 B LK ERZY, W
by T 252454 B ) DT PRS00 10 5 RS 259 . EBhik CTA ¥l B AT 78 Hh 6 4% A 82 35 Bk ST A
AR TR GBI R 5 — I B R B Ae HE 2 D itk il (16 B4R 5. 230306-88), If 6} G35 25 & it
A=,

22. 3

2.2.1. IGRFERUER
R T P RGBSR WO DS IR Bk R A AR AR

2.2.2. MR EHEN

NG5 R R RSN ML 3~5 ml, 3000 r/43EhES 0 10 2 Bh B, —80°CIETE. JE
HHBET UPLC-MS/MS £ IU°F- & DAARSE AR 2 4 R %55 th 22 RAR U N AR « BAR 732 Bl RS
FA G0 B0 ROORE 2.3 (Ultra Performance Liquid Chromatography, UPLC) A PY 44T K AT I [a) i i
(Quadrupole-Time of Flight). ¥AH 2% F 3 ZAHE: AiH: ACQUITY HSS T3 (2.1 x 100 mm, 1.8
um). JiAIAH A: 0.1%FERIK: WREIAH B: 0.1%FER/ZHE: FEiR: 40°C: JiE: 0.4 ml/min; A&
5uL.

2.2.3. BgEX 5 i R B I8 I8 E
N7 Tt BB 4 72 W B 1 56 (Enzyme-Linked Immunosorbent Assay, ELISA) & (_F kS A= MRl )
N % DhREREFRX (35 E THERMO Multiskan 60)F6 i 56 1F 1L 3% 74 B 2 /K 1.

2.3. Gt
N SPSS26.0 HAFHEAT Gt oM, LSRR IS + dREERR, 2 ISR AL
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Atk JEEAS AT E BRI L AR (DY 2 A5 [M, (Q1, Q3)1%7R, 2 A EEECK A Mann-Whitney U #i:
B THETRHCECR T 2 A SR 2 IR Z MR VA 20 # I BAIR 55 = B ik e 2 aer PR 28 2 18] AR SR A2 5
Z:1 ROC 2k, VPAl IR P AHER /K V-1l Stanford B 21 F B ik &2 IR RE s KKtk o = 0.05.

3. &R
3.1 2 tHELHARELR
AD 4 5550} HEZH AR RS L 1 1) WSO T 7 K s S B 28 PR VTR, R 2L 8] Lb 8 e S it 2 % 5= (P > 0.05);

SR, AD LA 5 Lh B B X 4L, M H AD B IR T R4, ML ERA SR (P
<0.05), iR 1.

Table 1. Comparison of baseline data between two groups
1.2 HEL BRI

P! FHEH n =28 ) AD £ n =284 P&
FR () 55.50 + 12.43 55.77 +12.95 0.937
51 (%) 16 (57.1%) 22 (73.3%) 0.195

R () 3 (10.7%) 15 (50.5%) 0.001
AR () 2 (7.1%) 3 (10.0%) 0.698

[k (k143) 73.04 £5.23 79.43 £ 13.26 0.019
i (MmHG) 133.61 + 7.02 141.40 + 23.26 0.089
479K (MmHG) 78.21 + 8.29 80.13 + 13.93 0.524
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Figure 1. Principal component analysis three dimensional diagram
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F AT AT =4ERE A BoR H AD vs HC N IFE B IR, WA MGFEHER S, 4
miE 1 AR

3.3. ZRNEMSH

MM IZ AL FAR 2 0 W 2 S A5 AD vs HC =2 AU 1 20 SR RRACH . IET R AR . 4
PER GG IR B MR, GERRE. WK 2.

Alcohol and amines; OO O»w o
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Alcohol and amines: B%. i%2%; Aldehyde, Ketones, Esters: B%. fifl. F&2%; Alkaloids: A=48%; Amino acid and Its
metabolites: 2 & HACH=4); Bileacids: JHYT'EZ; Carbohydrates and Its metabolites: /K 4k &4 & HAR 1 7=
¥); CoEnzyme and vitamins: fHBEgRI4EA 2 FA: JEWIME3E; Flavonoids: #EHE{L&4; GL: ¥EQM; GP: H
G2, Heterocyclic compounds: %31k 4&4; Hormones and hormone related compounds: 3 & i R A L&
#); Lignans and Coumarins: A Jf 2 M7 5 K ; Nucleotide and Its metabolites: #H B & HACEI ™#4); Others: HAth;
Phenolic acids: M3225; SL: #5)iE28; Phenolicacids: Z&[&E; Terpenoids: M%28; Tryptamines, Cholines, Pigments:
R, . xR, BhisS— SRR —MREY, ARBGBRRAE S MR R R TE AR
FRORE R 2 A AU T HUE (log2FC), BEAR AR AT (EBR DR, 15 BHAZ A o0 LE T LR ot T ) 5 8 22 Bk oK, [ UK
/MRFE VIP fH.

Figure 2. Scatter plot of differential metabolites
2. ERNIEYR=E

3.4. ERRIHY KEGG EELH

Z QY P-value HEZHT 20 Ml E R U0 T EI(A 3)Fas, AT, Z R E B E AN
W BEMEE . SRR TP BRI AE 5453 DU T B AR 45 i B
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Fatty Acid Biosynthesis: fIgliii2 =404 i; Glycerolipid Metabolism: H-iifti4t: Familial Lipoprotein Lipase Deficiency:
F R & A IR = fiE; D-Glyceric Acidura: D-HilifR; tRNA Charging: Proline: tRNA 3% /ifi%; Mitochondrial
Beta-Oxidation of Medium Chain Saturated Fatty Acids: H#EEAIRITER LK #4 g %4k Succinate Signalling During
Inflammation: #EFEH IR (E 514 S Buprenorphine Action Pathway; 3-Methylthiofentanyl Action Pathway:
3-HIBRFESF K JeVE 242 ; Pyruvate Dehydrogenase Complex Deficiency: P4 B2 it S0 Bl & & 186 2 4t Leigh Syndrome:
AR SEPE I H 655 Pyruvate Metabolism: PIEAERfCH#t: Pyruvate Decarboxylase E1 Component Deficiency (PDHEL
Deficiency): A EHRE /I #KEE E1 520§ = 5E (PDHEL $k = 4iF); Primary Hyperoxaluria Il, PH2: [ &% S 5 EE FR 11, PH2;
Pyruvate Kinase Deficiency: PiElfRISEFEL=; Taurine and Hypotaurine Metabolism: A-RRE AR AT EE L1 Alpha
Linolenic Acid and Linoleic Acid Metabolism: o YEiH B85 WM ER A . BEAL AR ST B TR 2538 B 1) Rich AT, S A 4R
SIS 2 (R P EATHES), MBE R P AR, O SREEEREES. X8 SRR BT A FH
= h = R

Figure 3. Enrichment map of differential metabolite KEGG
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N-Acetyl-L-phenylalanine: N-ZBt# %8R ; 2-Phospho-D-glycericacid: 2-#f2-D-HilifR; Agmatine: ATEET f%; L-
Histidine: L-Z1%F&; D-Glyceric Acid: D-HHEg; L-Citrulline: L-JKZ FR; 1-Stearoyl-2-arachidonoyl-SN-glycerol: 1-
il ek -2-1€ 4= B-SN-H i1 L-Lactic Acid: L-#L/2; Pyruvic Acid: HEREZ; Sn-Glycero-3-Phosphocholine: Sn-Hii-3-
EERNERS; L-Ornithine: L-'$%8%; L-Proline: L-Jii%&#2; Nicotinic Acid: /#H#2. AD: Stanford B # AD, HC: {@ff
SR, ***P < 0.001.

Figure 4. Column chart of differential metabolites
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AR AT L %) 22 S AR U I L AR, WP IRk T 13 FhE R . X 13 FhE R IEA
At SL WA 4 fos. ATOLICEE T e, N-ZBoR N2 BR . D-HlER 3 FRM7E AD A & & B &
T HC 4, fiZERAG =R X (P<0.001). MHAR L-2HZRE . L-JNEEL . 1-68 5 19 -2- 16 A8 IBE-SN-H- i |
L-FLER . sn-HHil-3-BEMRMEAR . L-fHEER. 2-WFMR-D-H IR, MEER. L-9&M. WIS/ AD 4
HEEICT HC 4, =R A g = (P < 0.001).

3.6. ZR RS Stanford B & AD Z [@fFX M58 E 94T

N T E B A R 2 A, FRA T — 2P T 2 AR S Stanford B Y AD 2 [a]AH G
WA (K] 5), B SR REORVDN, FOR U B AR G MRk, /N UG AR DGRBS o o] I, N- ZBER
PR T e D-H R 5 AD vs HC 1EAH 2% ; 1M 2-FR-D-H i 2 . L-Histidine: L-2HZ& & . L-Citrulline:
L-/REG . 1-TEfERE-2-16 AL IE-SN-H i L-FLIR TAERER . Sn-HiM-3-BEIRRIEG. L-S&IR. L-IHa A
JHER 5 AD vs HC #iAH¢, H A PEIER 5 AD vs HC FH G 5 (r = —0.835).

B}

0.71
Nicotinic Acid -0.612

L-Proline | -0.549 040

L-Ornithine -0.554 [ 0.09

Sn-Glycero-3-Phosphocholine -0.814 b -0.22
Pyruvic Acid -0.835

+-0.53
L-Lactic Acid -0.824

-0.84
1-Stearoyl-2-arachidonoyl-SN-glycerol -0.720
L-Citrulline -0.756
D-Glyceric Acid 0.597
L-Histidine -0.712
Agmatine 0.706
2-Phospho-D-glyceric acid -0.593
N-Acetyl-L-phenylalanine 0.685

N-Acetyl-L-phenylalanine: N-Z.BEH P& HR; 2-Phospho-D-glycericacid: 2-Bilg-D-HilR; Agmatine: MK T L-
Histidine: L-Z1% /8 ; D-Glyceric Acid: D-Hiifig; L-Citrulline: L-JK4&F&; 1-Stearoyl-2-arachidonoyl-SN-glycerol: 1-
i NEBE-2- 76 4= WE-SN-Hi;  L-Lactic Acid: L-#L&; Pyruvic Acid: FFRER; Sn-Glycero-3- Phosphocholine: Sn-H-iHi-
3-WEMRNRGR; L-Ornithine: L-2%(E&: L-Proline: L-Mfi%2; Nicotinic Acid: MR, HEEHABEAMLL R R IEMX,
B A WA 97 AH O

Figure 5. Heat map of differential metabolite correlation

5. EFNBHIEXMERE

3.7. 7 KB ELISA SLIIIE

CEE UL REE IR, FRATYID I I R R R e AR, S B — D KA AD=82 5], HC =82
BI3E4T ELISA SZBGIRAIE . 45 Bt~ B B (1 6), £ AD vs HC 2R A EERTE AD 41 ()& &% T HC 44,
Z R G0 L (AD: 1.527 +0.215; HC: 2.116 + 0.249, AD vs HC, P < 0.001).
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Figure 6. ELISA validation bar chart
6. IM& ELISA IiEFEIRE

3.8. MRS M4 HIEAREI R XS D4

PR 5 M AEAGTBAR 2 (R RAR DG A T 25 SR an 14 7 Fvs: AR SRR . Hh =g SRR, &
B SHAER K CK-MB S IEA G, B /R AH ¢ 2288 r 43l 72 0.025. 0.015. 0.210. 0.264. 0.293.
0.170, TM5/RZE. WIEF. MpE. SAHZZE. HE. EEAHa KM, CK. D =Rk, C RNEH. AN
-6 N PR R R EE S A 9, R AH 2% R %L r 4—0.05. -0.215.-0.037. —0.265.—0.084. —0.098. —0.168.
-0.392. —0.626. —0.457. —0.647.
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Figure 7. Heat map analysis of the correlation between pyruvate and blood biochemical indicators
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3.9. AEEEL% R Stanford B B! AD #8854

AD vs HC (AUC = 0.959:9 5% CI:0.927-0.990)
100 1

80 1

60 -

40
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e —
0 20 40 60 80 100
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Figure 8. Prediction Model ROC Curve
8. FUMHER ROC BiZk[E

BT UL SRR INEIRRE AD 5 HC A A IR 22 57, FRATIENEREZ 1F v Stanford B %! AD 1)
AR AEYIhR WD, ST T2 WY, 45 B anlE 8 fn, 15 AU Y 9 BREZ TR X 4> Stanford B %4 AD
1 HC, AUC {5 0.959, 95% CI: 0.927-0.990, P<0.001, Z1&$5¥4 0.878, REE N 0.927, KR
4 0.951.

4. #ig

F Bk )ZE R MBI T Bk A R L Kb i N E S kP I, (A B, W Sk T R R
= B RO ) BB i BRI R MCRER HE IR R B R AR e A A IR RRE R BT B
Stanford B & AD RHE/RAN 8 e B fik, mT LAd FH i (259 B NGB TT ARt — b K . 4R
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