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[ Abstract] Objective To evaluate the predictive value of serum tissue inhibitor of metalloproteinase-2 (TIMP-2),
histone deacetylase 4 (HDAC4), and uric acid (UA)/albumin (ALB) ratio (UAR) for acute kidney injury (AKI) in patients with
acute Stanford type A aortic dissection (ATAAD) after surgery. Methods From December 2021 to December 2024, 133
ATAAD patients who underwent Sun' s surgery and 133 heart healthy examinees in our hospital were selected as the study
subjects and included in the ATAAD group and heart healthy group, respectively. Among them, 55 patients in the ATAAD
group developed AKI after surgery and were included in the postoperative AKI group, while the remaining 78 patients were
included in the postoperative normal group. The serum TIMP-2, HDAC4, and UAR were compared. Multivariate logistic re-
gression was performed to analyze the influencing factors of AKI in ATAAD patients after Sun' s surgery. The relative risk
was performed to discuss the risk of AKI in high expression of TIMP-2, HDAC4, and UAR compared to low expression.
ROC curve was used to analyze the value of TIMP-2, HDAC4, and UAR in predicting AKI in ATAAD patients after surgery.
Results The ATAAD group had higher serum TIMP-2, HDAC4, and UAR than the heart healthy group (¢P=11.469/<0.001,
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10.311/<0.001,12.235/<0.001). The postoperative AKI group had higher proportion of cases involving renal artery dissection,

TIMP-2, HDAC4, UAR, and longer total extracorporeal circulation time than the postoperative normal group, and all of them
were risk factors for AKI [ OR(95% CI)=3.125(1.795-5.442),2.674(1.651-4.330),2.831(1.691-4.740),3.335(1.824-6.099),
2.749(1.661-4.549) ] .Relative risk analysis showed that the risk of developing AKI after surgery in patients with high TIMP-2,
HDAC4, and UAR was 2.343 times, 2.269 times, and 3.457 times higher than that in patients with low levels. The AUCs of
TIMP-2, HDAC4, UAR and the combination of the three for predicting AKI after Sun's surgery in patients with ATAAD were
0.833, 0.847, 0.832 and 0.963, respectively. The combination of the three was superior to the AUCs of TIMP-2, HDAC4 and

UAR alone (£=3.366, 3.236, 3.391, P=0.001,0.001,0.001). Conclusion

Serum TIMP-2, HDAC4, and UAR are elevated,

and their union has high value in predicting postoperative AKI in ATAAD patients.
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SUPE Stanford A B F 5 JJk )2 (acute Stanford type
A aortic dissection, ATAAD) J&—FP B4y .0 1L 2 0E,
FEER RO Ry BRI B i il sz B, R
JEEPREST I (BT ARMSET AR 9% ~25%
HAVEE #1455 (acute kidney injury, AKI) & 428k 18% ~
67% , HRrEe= A% phia F B . Bk, FHR AKT
FER R R X o BE UG B CEE, HR 48 E A
LU K F--2 (TIMP-2) 78 B Wik 0 38 =% 46 493 v 2% 56
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H ) SEREAE T HEI = FTBE S 5 ATAAD B E K5
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UAR Uil ATAAD % AR J5 & 4 AKL B0 (8, i
mr,
1 &Rl5A*
1.1 IWERYERE BEH 2021 4F 12 H—2024 4F 12 A 7
B AR K — B B B O L SRR TP R AR Y
ATAAD H3 133 ] ( ATAAD #H) Koot JIE4d B (AR HG: %
133 51 (0o R B ) A58 %5 52, ATAAD 4. 55 69
], 2 64 ], AR5 35~ 64(51.08+11.45) % ;.0 WE{d 3
4.5 71, 4 62 B, AFE I 30~65(51.17+11.29) %,
2 M AR i E R G IHEE L (P>0.05) , BA
ATH R, A 5T B 4 3R A8 IR Be e B 2 B 4 ik
(2021057) , 52 X & 8 K @ A0 1 [F) 5 51 2 2 H01 TR

Acute Stanford type A aortic dissection; Acute kidney injury;Tissue inhibitor of metalloproteinase-2;

B,

1.2 WREEESEARME (1) IABRE: OFF & ATAAD
B Wi AR HE s @ 4k F Z0rk 0, BRI ) < 14 d;
GCTADY, MR 45525 2 G R 58 3% AT INRF- ARG
IT; ORATE I RetaE . (2) HEBR b . O BEAE ¥ i
QAR APEAST 48 h NIET; QL EMR 25wl
S5 @R O IET AR L O R E L

1.3 s bR5 75k

1.3.1 IfiL% TIMP-2 HDAC4  UAR 7K F-A&1 : ATAAD
HEHTTRIBITHT 12 OGRS T A4
M SRS R R ER KI5 ml, 250 B BRIV - 80°C 14
FEREM . SR FH ELISA 2055 & Al 1fn 7 TIMP-2 \HDAC4
K-, TIMP-2 HDAC4 350 &5 3 B iR S
A (575 : KEA0022) \VL3AEY) A 7] (1575 : JL-HDAC4-
Hu) ; 7% UAR = UA ( mmol/L)/ALB (g/L), UA Fl
ALB SR H 4 A 3 A AL 43 B ( #95 . Hitachi 7600, H
S7) A

1.3.2  AKI A2 K434 ARYE KDIGO 575 ™ Al e /Y
AKT HEbRifE 1 2 LR AR — 45 SCRIA 2 R AKT .
(1) I35 ALAF (SCr) F+ 5,48 h N SCr b F+ =
26.5 pmol/L( Bl =0.3 mg/dl) ; (2) 34 5 ohhe Ak,
SCr B AE TR = 50% (1.5 18) 5 (3) IREW D (<
0.5ml - kg - h™' Fi=6h), I AKI HE45 %,
ATAAD H# ARG &4 AKI 55 2k AKI 40, Higx 78
191l £ 5 N TE WA

1.3.3  WAE 2 AL TORE BRI 98 br 4 Bkt B2k
PO RGP ) AR O S AR S SR O I
s A IFRE (U R R | i IRE ) R B TR
B[R] 5 R AT 28 M B2 I 35 BR AL 4§ WBC (x 10°/L) , CRP
(mg/L); B I 6E 48 4% 4 §& SCr ( pmol/L) . BUN
(mmol/L) ; AR FHa bRt 4 I 2 B sh Mk A/ Tt B K
AR G AR AL A5 A S MG PR S E] (min ) | 32 3 bk B W7 s
(] (min ) 5 SRAKIR 596 PR B8] (min) | Lt (ml) | BR
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i (ml) %,
1.4 GitsJ5ik R SPSS 27.0 ¥4 k47 5 b
B, A IERS TR OB DL x2s 3ROR A1) A
K ¢ A5 THECORE DUSUEU B (%) o, B
K x? K86 ; Z N K Logistic 2381 ATAAD #H FARJG
KA AKL 19 52 i K25 A0 X fE B B 4 B TIMP-2,
HDAC4 \UAR =R iK A5 TARFR B & A AKT B XU
{8 ; 2218 TAERHIE (ROC) £ 534 TIMP-2 HDAC4
UAR #lill ATAAD % FARJ5 &4 AKI M {E, P<
0.05 0 2ERA G,
2 &F R
2.1 2 #H 174 TIMP-2, HDAC4 , UAR /K F H %
ATAAD 41 /8 3 [iL{F TIMP-2 HDAC4  UAR 7K°F & T
OHERERRAL (P<0.01) , W3R 1,
2.2 AKI WA FITE# W20 ATAAD H I PR %0k 4
AKI 21 R85 R s PRI s R 0 L 5
K T AR ] A JF 0 (R W R | s R i
E) AR AT 485 (WBC ,SCr . BUN . CRP) F R 48 b5
( F= 30 Jok BEL 7 BeF 1)+ oo | ARG I 455 70 B4 e ) AR
i) SIEE WA A, Z R TSI E X (P>0.05),

R 1 ATAAD AL HEGEFELL M TIMP-2 HDAC4 UAR /K-F-
Mg (x%s)
Tab.1 Comparison of serum TIMP-2, HDAC4, and UAR levels
between the ATAAD group and the heart-healthy group

Ao Bk

TIMP-2( wg/L) HDAC4( ng/L) UAR

DWEEEEA 133 75.23+16.20 38.53+10.44  5.72£1.13
ATAAD #1133 102.44£22.05 57.27+18.56  8.25+2.10
18 11.469 10.311 12.235
P{H <0.001 <0.001 <0.001

AKI 20 58 2 e 2 15 3l ik 8 K N80 L TIMP-2
HDAC4 \UAR 7K - B AR A MIE 2 S B 8] 75 F 1 3 3 41
(P<0.01), L% 2,

2.3 ATAAD & FARJE KA AKL 15200 A 2= 53 #r
PL ATAAD BEF ARG LA AKT A HAR (R &N
U7/ RE07), UL Bk g R P<0.05 T H (ELRAE
i REARA G ZE Sk R AR, TR0 R
H AR, 1T 2 A Logistic [MIHHT, 25 R R, k)2
B Bhiksz B R SR A SR [ S TIMP-2 & HDAC4
# UAR R4 ATAAD B35 F ARG AKI &L R GRS
K2 (P<0.01), W 3,

K2 AKI WAHMIER V4 ATAAD B E G RGOk

Tab.2 Comparison of clinical data between AKI subgroup and normal subgroup

& EH W (n=78) AKI W4 (n=55) X2 8 P
(%) ] 5 41(52.56) 28(50.91) 0.035 0.851
s 37(47.44) 27(49.09)
Y (xxs, %) 50.88+10.24 51.36+10.59 0.262 0.793
WK s [ 45 (%) ] 30(38.46) 22(40.00) 0.032 0.858
P [ (%) ] 25(32.05) 18(32.73) 0.007 0.935
FIG MR [ B %) ] 16(20.51) 13(23.64) 0.185 0.667
BIHE (%) ] oL 26(33.33) 21(38.18) 0.332 0.565
PR 95 20(25.64) 17(30.91) 0.446 0.504
e i A 18(23.08) 15(27.27) 0.304 0.581
KRBT AR E] (x£s,h) 28.78+6.44 29.56+6.35 0.692 0.490
JZEIKBERIBI(%)] A 20(25.64) 25(45.45) 5.656 0.017
o 58(74.36) 30(54.55)
ARHTHEAR (5s) WBC(x10°/L) 9.58+2.25 10.25+2.14 1.725 0.087
SCr( wmol/L) 110.45+19.88 118.36+28.67 1.880 0.062
BUN( mmol/L) 8.51+2.25 9.28+2.33 1.915 0.058
CRP(mg/L) 46.28+11.67 48.69+11.42 1.183 0.239
TIMP-2( pg/L) 94.82+19.41 113.24£21.36 5.170 <0.001
HDAC4( ne/L) 51.46+13.23 65.52+14.17 5.986 <0.001
UAR 7.32+1.85 9.58+2.11 6.544 <0.001
ARHFERR (xs) PRHMEFR ] (min) 171.56+48.37 237.69+56.48 7.241 <0.001
= 5f Bk RELWT A 1] ( min) 123.67+33.05 128.55+32.42 0.845 0.400
VAR A= 0E PR 1] ( min ) 29.39+8.22 31.56+8.37 1.488 0.139
1l (ml) 584.27+118.24 603.45+123.52 0.904 0.367
R4 (ml) 793.33+134.82 808.67+144.38 0.627 0.531
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3 ATAAD B FAJG A AKT BF2IE R R 5
Tab.3 Analysis of influencing factors of AKI occurrence after Sun
procedure in ATAAD patients
LAISES B SEfH Waldfi P{H OR{H 95%CI

FZEHKZ R 1.139 0.283 16.211 <0.001 3.125 1.795~5.442
RAMERS BIRR] K 0.984 0.246  15.986 <0.001 2.674 1.651~4.330

TIMP-2 7 1.040 0.263 15.656 <0.001 2.831 1.691~4.740
HDAC4 75 1.204 0.308 15.293 <0.001 3.335 1.824~6.099
UAR & 1.011 0.257 15.482 <0.001 2.749 1.661~4.549

2.4 TIMP-2 HDAC4 UAR /KX AR5 &4 AKT I AH
XSGR BE 7 L TIMP-2 = 102.44 pg/L HDAC4 =
57.27 pg/L UAR=8.25 JHBR, # TIMP-2 HDAC4,
UAR & T A BRAE A 98 A i K K F A BR A 1 40 AR
IR FAXS fE R BE 43 M 7 , TIMP-2 . HDAC4 \UAR
KPR SG KA AKT B XURS 2 AR K 5 1Y 2.343 1
2.269 1% 3.457 155, W3 4,

F 4 TIMP-2 HDAC4 UAR /KX AR J5 % A4 AKT B9 AN} f& [
B4y Hr

Tab.4  Relative risk analysis of postoperative AKI based on
TIMP-2, HDAC4, and UAR levels
A
f6k5 ?il: ﬂszsﬂ)i {i%ﬁ RR(95%CI) ~ x*fi PfH
TIMP-2 2.343(1.593~3.447) 20.376 <0.001
K- 23 38
fioKF 55 17
HDAC4 2.269(1.581~3.257) 21.358 <0.001
K 25 40
oK 53 15
UAR 3.457(2.093~5.709) 31.070 <0.001
=K 20 41
K- 58 14

2.5 TIMP-2 HDAC4 UAR X} ATAAD ¥ F AR5k
A AKT TN E 2] TIMP-2, HDAC4 , UAR X
ATAAD & FARJG &4 AKI (G HUH A ROC £k,
IR 4 T AR (AUC), 45 R B K. TIMP-2,
HDAC4 UAR J =FH WA HU ATAAD B35 F ARG K
4= AKI (89 AUC 4351124 0.833,0.847 .0.832 .0.963, =%
BeA e T4 [ Bk F Y AUC (Z = 3.366.,3.236,
3.391,P=0.001.0.001.0.001) , W% 5,K 1,
3 4 i

AKI J& ATAAD BHEAJG fa KA IF &AE , BT
AKI fi2 W = BAR R T SCr K F1 IR B 254k, 9K 111 5
HRUE B UIRete bR, AR BB N O B EEEE B
Gy 32 B AR FCEPIR S SR 2R N R A,
SR JE AKT IS0 # 27 Ae i g g ' tesh,

&5 TIMP-2 HDAC4 UAR Xf ATAAD 835 FAJ5 &4 AKI 1)

T AN (A
Tab.5 The predictive value of TIMP-2, HDAC4, and UAR for
the occurrence of AKI in patients with ATAAD after sur-

gery

o 2%
A hE HWr{E AUC 95%CI  HURE FRRE e

TIMP-2  106.95 pg/L  0.833 0.762~0.903 0.800 0.705 0.505
HDAC4  58.32 wg/L 0.847 0.782~0.913 0.818 0.782 0.600
UAR 8.06 0.832 0.761~0.903 0.836 0.718 0.554
=HBA 0.963 0.936~0.990 0.909 0.833 0.742

B 1 TIMP-2 HDAC4 UAR Titill ATAAD ¥ F AR5 KA
AKI ¥ ROC £k

Fig.1 ROC curve for predicting AKI after surgery in patients with
ATAAD based on TIMP-2, HDAC4, and UAR

ATAAD HBE ARG AKL B & A4 5 K A A i R
N BN A A 2 AR B AL, BLRT P B R
TIMP-2 HDAC4 UAR 7] D\ B E 21 4 Ak, | B 2 3 . Y
R R Ay T A = I B o v s e N
X H S AR T LT TIMP-2 . HDAC4 UAR T5iilll ATAAD
BEARIG KA AKT B E.,

TIMP-2 FH B /NE AR B R0, I 5 5 4P
5 (CanMess e e it | S0 A0 3% ) 5 | R %) 448 B 35 5 6
D IR By G140 Jf S 006 i, AN AKT XU 3
I 6 BT E S AKL 5B AR gefb 2z B R A&
W5, ATAAD 41 FECH I 7 TIMP-2 7K 500 W f B
HTFE, HEn LT TIMP-2 /K- ATAAD 4 T
AIRES ATAAD A HEA ¢, LG s A I TIMP-2 7K
WAL A B AR RS A ATAAD, 78 B RS
B IER AL TIMP-2 6k 16 B /NS X I 2
FXF IR, LR 58 B 5 B /N BRI 1 43 (GST) B/
EHGIES (TST) RIEAE ) ARBFFEH, AKT .41
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BH TIMP-2 /K& FIER WAL, S AKT & A= 1 & [
HE, H TIMP-2 &K AR 5 &4 AKL B XU 2 Ik
S HF Y 2.343 7%, 8 TIMP-2 /KF- T Al GESG hn 1
ATAAD HB# ARG K AE AKI XU, #EI TIMP-2 7K 57
T v AT BB W T AR M S 1 o ) S R 2 2R ) B 5
A A3 2 5 I U P ) 4 A7 35 A 3 R I T
S B0 W a3 HE TS R R INE 0, AT RS in AKI
(O A U AN e 2 1A AMIE BRI S Kk 0 i
T AR AL, BRI TIMP-2 K F-7E ARG 24 h Xt
AKT B BRI aE 77, HL5 s B0 AKT #8 i
TE—30, 2 S W B N M A I Y AR
W5, TIMP-2 KSEFUM ATAAD BE FRIGITF R A
A AKT 1 AUC 4 0.833, #27R TIMP-2 7K A 7E— & F2
FE FOAIG IR R SR T BOR J5 AKL 8 & A 3 i v
TEMARE

HDAC4 J&—7#h 1 a 28 HDAC, E840 A5 T 0 &
S 2 20 T S B TN - 038049 00 785 S i UL 4 i
NF-kB 5 5GP G P 4= A 3 i A g b s e ™
O UL S Sk 1k 32 3% HDAG4 AR WL g, 14
inCs LR L/ PR R0 47 , 550 0 s R A4 L T3
A0 ARBFZTH, ATAAD 4 8% 1f5% HDAC4 7KF
B AR T, #2787 ATAAD BBE R, HDAC4
AIAEAL T 58 16 BRAIR S #EI ATAAD W] gl i 5%
M Co U 1 I AT 200 B O T B i s AL o 2T S 300 LD
AEAZIR ', HDAC4 FEEFEH1IA T 10K B AKI I3
FkTHE, M HDACA £ 3K T2 2F Fox03a 7K - [
AV, DATTTT 36 2 35 i 1 I 7R IR o] 248 e 8 T 40 i) AKT 9 &
AP RBFSE Y, AKT 4 B HDAC4 JKF 5 T 1E
FALAL, o AKL BAERfER N2, H HDAC4 &K i)
TG KA AKL 9 UK 2 K 7 28 3 1 2.269 £, 12
7~ HDAC4 ZKF-RIE R Tl AR J& AKT & AR i) — A2
febR, BRI HDACA ZKF- 1R B R J5 & A4 AKT A AT
REME 248 e HDACA A e 545 48k I
1L HDACA 7K SF- 7T B8 fin i 55 J0E PN 1 98 1 2 7, gt
—EIE L e Ah, I HDACA 235 n]
% R 20 R 0 A 2 E R A, BE W] HDAC4 24 AKI [
PR TR AR ARBFSE o HDACA 7K
SEFIIN ATAAD B33 FARIG97 J5 &4 AKL B9 AUC
0.847 ,$2/~ HDAC4 /K FAEHEBR A & A= AKT (1) H8 35 B
HA —E W5 | G RO A R2 R

UAR BV —Fp H T 300 AKT A& AR BT 19 % 1 45
b, 915 AKL 85 IR JE 30 ¢, &5 UAR 7K F- 3R W]
R AL HORT R 1 B L I e, 5 B R A PR
JO7 R I A8 PR R AR AR OE T LT UA 2 IS B

PN 2 T RE e i AN 9 M 2 7 B A B, UAR T 23 38 i 8
Bz R B A B IT e B & 0 B BB KU >, AR
FEH  ATAAD 20 H 3 LT UAR 7K P 4500 U fekt i 28 7
&, PR IILTE UAR ZKF- T 5 A8 AH S BRAIL
TETE S I ATAAD 41583 UAR THi5 o] fETR
7R LA P R A L 2 2 B0 05 . DR B R
IM% UAR 7K 535 i TR RO B i 3, 5 Ak
i IR SC7 A= NS A T R B DT 4 A T A =
EOREA Y ARBFSE R, AKT W4 3 UAR JKF
mTIER WAL, AKL & ARG R %, H UAR &K
ARG KA AKL 9 KU AR K (R 1 3.457 4%, 8%
= UAR KFRERS 7R AR KA EHER ARG &2 AKI
R REPE  JHEDN UA AKSF- T ol i o 4040 R 38 380 9
F AN 755 2 P 200 L BR8N 1) I
Bi MEHE AKL B9 & 422120 sk FEIRST M =20 F
ARJG AKI 40 3% AR AT UAR /K 5 25 T3F AKT T
4, TIASE AKL () AUC {E) 0.774, B 2T BE
J110 0 ARBFFE R UAR JKSEF ATAAD 3% F ARG
¥7 5 & AKI 9 AUC Jy 0.832, DL UAR>8.06 ¥I5E K
ARJG AKIL &5 XU, #2758 % T UAR K- 1 3 0 &
H R R RN PR UA AR SR X R T
T it , LAREAIR AKT KA
AWFFEHE & B, AKT 3 20 58 3 30 2 B sh ik B e A
Bt o ARSMIE PR SR TR AL, ¥ AKL R
AR R R R 2022 BB Shlikes, vl Re i
/I b K 2 MR/ NER T E D BEAZ R, B AKIT
A RS 5 A S ) A AR SMIE 23 TR R 1k B I 4Rk g
WA T BRI PR AR, A AKT Y &
TIMP-2 HDAC4  UAR B¢ &5 Tl ATAAD % FARIA
J7 5 & AKL B9 AUC 235 T TIMP-2 HDAC4 \UAR
BTN R =BG BEAE VR AN — TR AKT ) SR
B, TN e A
2% R I TIMP-2 . HDAC4 UAR 7K FEFH5,
“HEA TN ATAAD BEARG &4 AKL M A
B 2 32 A VEE 75 B TC R 25 vh 2
12 Sk A= AR
X g E A BRSO R SO ST B AR AR
SR 30545 i I SCiRE
5% 3k
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