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Establishing a prediction model using lactate dehydrogenase to assess the prognosis of
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[Abstract] Objective: This article aims to investigate the efficiency of a model combined serum lactate dehydrogenase (LDH)level
and model for end-stage liver disease (MELD)MELD-LDH on evaluating the prognosis of patients with acute-on-chronic liver failure
(ACLF) , and to study the correlation between serum LDH and different levels of multiple system damage in order to improve the
awareness and treatment of ACLF. Methods: This study used a retrospective method to collect clinical data of 119 patients with ACLF
admitted to the First Affiliated Hospital of Nanjing Medical University from October 2015 to August 2019. According to the prognosis
of 28 days after admission, they were divided into the survival group (n=90)and the death group (n=29). Univariate and multivariate
regression analysis methods were used to analyze the relevant factors affecting the prognosis of patients with ACLF. MELD-LDH model
was established to verify its efficacy and explore the correlation between serum LDH and the levels of multiple organ damage. Results:
The results showed that serum LDH levels were independent risk factors affecting the prognosis of patients with ACLF (OR=1.015, P=
0.002). LDH was significantly higher in patients with renal failure and hepatic encephalopathy (P=0.002, P=0.018). MELD - LDH
model was significantly better than MELD scores in predicting 28-day and 90-day clinical outcomes(P=0.028, P=0.002). Conclusion :
High serum LDH level is an independent risk factor for 28-day mortality in patients with ACLF, and it is closely related to renal failure
and hepatic encephalopathy. MELD-LDH model established by combining LDH and MELD scores has a better predictive effect on the
28-day and 90-day prognosis of patients with ACLF.
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T8 I 2 i 2 98 (acute-on-chronic liver failure,
ACLF) 245 1E 18 PR JEml b A= i i Z R0 IR %=
LU & BB R 5 B (hepatitis B virus, HBV) P76 |
YL | T 2R BT S Y R DABE I
BILTHI B0 BT i N I K 55 Sy S R LY
— 2 Il RARE A, L F SRR S TS 22 PR3
(45%~90% )" 3ot & 4= B ST S IO A1 G 52 D RE SR
L2 ACLF A5 1 E AL >

FLER i & (Lactate dehydrogenase, LLDH) & —
FIELH R P 2 AR A BT . S S 1%
W P AR CHEIREAFE (0 B 287 ) ) Fe AR 7LIR ™ . TR
LU IRBE AR I B IE A U S5 Hh g T
WELEN LDH THig o AT F2ERIT LT LDH 7K
J¢ LDH FZR B - B 7 (model for end-stage liver
disease, MELD) 3¥- 4345 5 2 37 i B A (MELD-LDH)
X ACLF 8 TS A PPA 8 AE LA K LT LDH K -5
ANRIFEE 2 R G AR DG

1 XN&InFE

L1 %

2015 4F 10 H—2019 4 8 J i L BE R R 2% 45—
Wi Jm EEBE N i) ACLF S35 119 1], 2845 & (i 52
WIZIR 1R M (2018 4R Ji) ) Y ACLF 12 Kb o
BARIT : OFE VT S a5 09 8 & 2R 2k
JFDRE ARG PRI s D= T, I A B IR
1Rk o P 5 B T AL TE R AR 5 BB HEA T
T, L3 A ARZT 2 (total bilirubin, TBil)=171 wmol/L
a4 H ETF=17.1 pmol/L; @A Hi i {515, BE 1M i
Jti 2l <40% , B3 [ Brbr AL FfH (international
normalized ratio, INR) > 1.50, _F- i 5[] it i Je v
Wiy ACLF . HEBRG I I 200 i dis B At 2 e e
o EBERTE] <3 d BRI E . IrE B EY
T AR R N R BIRYT 38 N DA SCRRA
7 HEXFRMR PO RE LSS TR RRAYT AN
P BRI A I, 245K P A o R - 167
BN TR E TR NG T I KRR . AR5
ZBEBCIIZ 512 Al el BB g ) =
1.2 ik

ISR R AP 1) AR A B BT i 37 P 2 R 2 O
3% Wi (alanine aminotransferase, ALT) . K[ &2 g
T L% FL i (aspartate aminotransferase , AST) | TBil |
INR . 94 [ (albumin, Alb) . Ifi. JLET (creatinine, Cr) .
1 21 Bl (white blood cell, WBC) . Ifil. . £ F1 (hemoglo-
bin, Hb) . M./ T4 (platelet count, PLT) \LDH . Ifi.

T (Na) ,ic e A HBV J&ge P e
b JERSEGE . R 2 I A T D) BE Child-
Pugh 43%% \MELD #¥-43 F1iMELD $F4} . MELD=3.8x
In(TBil/17.1)+11.2xIn(INR)+9.6XIn (Crx0.011 31)+
6.4;iMELD=MELD+0.3x4:{#% (% )-0.7xNa(mmol/L )+
100, ARFEAE BESE D7 LA R 328 17132 T H 1 Bl 17 3R
FBE ABE 28 d F190 d B (AR ARG, 2 s S
FBEICT AT IR . MR B ABE 28 dA4EAF
TS A AEAE L FIBET 4 .
13 %itss

K JH SPSS 23.0 #il MedCale 15.2.2 #AF %558 2k
G200 . A G RS T 7R Y 5
PRUEZE (% = 5) o, IALIE] Fb 8 R FH M ST FEAS ¢« K6
B9 o AN R IE S 31 LA AL 5k (536 %50 (M
(Pas, Prs) [k, PRAH ] b 48R Mann-Whitney U 5
B, 2240 8] 148 % FH Kruskal-Wallis 56 5 5 7150208}
F (%) 227w , K FHx 5% Fisher s K HAKGE . W —
JG Logistic [1 - 437 5% Wi i 24 1005 A9 TR 38 B a7
MELD-LDH Fi &5 , 3210 TAERHE (ROC)
2k % MELD $£43 iMELD ¥4 .MELD-LDH . LDH
K Child-Pugh 43432 W ACLF H 3% T (3L , 7
161 FH] Delong J5 2436 LDH F1HABIE 2 il it 28 T 1
F(AUC) Z 8] ) 22 5 o 2K H Kaplan-Meier F1 log-
rank HLAAN[R] LDH 3R 7KF-19 ACLF B34 AR A1
o P<0.05h2ZERAGIE XL,

2 &% R

2.1 AAEHFREFIE
A AL B I FE R R E WL 1, AL FE A B
BN T 205 B I RARFAE LA S AR b~ d8 bR . ACLF
¥ WBC., AST . TBil . INR . Cr.LDH . MELD 43 #1
iMELD £ 5% 28 d filJ5 A (P < 0.05) .
22 ARAEE % Z%AM % F 218 LDH KR -F ik
R 4 12 1 T 5 08 25 B 2 3 (CLIF-OF) 3F 4 &
Gt , 2 A AN RIRE S 2 R 1) A A B
B LDH 7K -, LDH ZE/[R] TBil ZKF-FIEE i D RE Y £
FEHER LG X (P=0.076, P=0.483, [{] 1A,
B). IR B s M A ) LDH KPR, H
ERA G IR X (P=0.002,P=0.018, 1C.D).
23 #WAACLF BHTUs 02 R Z 40 5 B E o4
AT BB ACLF BB 105 AR OC IR bR 23 Tl WA
B[R % [ 943 #F @78, WBC . TBil . INR .LDH. Cr 5
ACLF & 28 dFET- W E MK (P<0.05,%2), 7
ZNZE4Frd, BA7 LDH . TBil . INR 31 % & ACLF



404555 T

- 998 - 2R R~ S N SR 4 20204E7 H
F1 ANHEACLF BEIGAREL B RS
Table 1 Characteristics of clinical baseline data of patients with ACLF
FFAE A (n=90) FET-4H (n=29) P
Bt () 63/27 24/5 0.178
Y (L) 46.00(35.75,55.25) 47.00(39.50,54.00) 0.410
Sl (%) ]
IR 74(82.22) 26(89.66) 0.560
JiFfk 43(47.78) 14(48.28) 0.963
JH-: i 26(28.88) 13(44.83) 0.112
SLEG A
WBC(x10°4M/L) 6.95(4.23,10.01) 9.72(7.37,12.61) 0.001
Hb(g/L) 117.38 +22.10 125.55 +28.19 0.109
PLT(x10°/>/L) 87.00(56.75,132.30) 92.00(59.50,118.00) 0.965
ALT(U/L) 134.35(80.93,335.38) 250.80(81.45,816.15) 0.117
AST(U/L) 132.30(89.03,254.78) 262.40(107.35,609.55) 0.023
TBil(wmol/L) 281.80(178.30,383.53) 375.50(279.15,472.70) 0.005
Alb(g/L) 30.11 +5.65 30.45 +4.95 0.773
Na(mmol/L) 135.50(132.10,137.40) 134.70(131.00,140.13) 0.925
Cr(wmol/L) 59.00(50.53,68.65) 69.90(56.40,174.20) 0.001
INR 2.08(1.75,2.57) 2.62(2.09,3.22) 0.002
LDH(U/L) 240.50(202.50,306.25) 349.00(287.50,481.00) <0.001
e v
Child-Pugh 734% (%) 11(10,12) 12(10,13) 0.432
MELD ¥4 (43) 21.12 + 4.89 28.95 +7.58 <0.001
iMELD 343 (43) 40.52(35.58,43.97) 47.17(40.23,55.48) <0.001
A 2000, P=0.076 B 2000, . P=0.483
1 500 = 1 500
3 2
; 1000 ; 1000 1
5 y . = -
S0y _ . & 5007 _ s, i
0 <6 6~12 ~12 s 15
TBil (mg/dL) INR
2000 P=0.002 P 2000, P=0.018
I | e |
1500 ' 1500 '
= =
% 10001 % 1000
— . - — &
500+ .g;'%g _._ 500 .;3.. 3
T s ’ = %
Cr(mg/dL) S i
A IFINE; B BEINLRSE; C: BIE; D ik
E1 AEARELERSHRGESEZE LDHKFLLE

Figure 1 Comparison of LDH levels among patients with different degrees of injury in some systems

B 28 d BT Bk ST fE B IR & (LDH: OR=1.015,
95CI: 1.005 ~ 1.024, P=0.002; TBil: OR=1.008, 95%

CI:1.002 ~ 1.014, P=0.006; INR : OR=5.996, 95%ClI:

2.161 ~ 16.634,P < 0.001,%2),



HA0 B T Tl ) WL R I, A N FL IR SR S AR R 1 i AR s TS [T ].
202047 H B R ERICEF AR (H ARBRERR ) L, 2020,40(7) :996-1001 + 999 -

2.4 MELD-LDH #: % 5 LDH.MELD.iMELD #F %
Fa Child-Pugh %% #F4& ACLF % 5t T 69 s h tb &%

MELD #¥432& 3 EAl ACLF 23 )5 A8 % 2
YRS, TAHESE 5B~ LDH & ACLF B 3% 28 d BT
F ST fa s R R il oK MELD W43 5 LDH 45 &
MEE N, — 48 14> 2 48 (MELD-LDH 43 ) , LA
HOTEE Rl S L YR ACLEF JR B TS .

HL 48 —JC Logistic [7] 45 A4 75 ) MELD-LDH=
0.291xMELD+4.560xIn(LDH) . J3j FH ROC #i £k F-1r
BREAr RGO RE (K 2) , 258 87K , MELD-
LDH #F-4> Tl 28 d SET- 1) AUC #iz K (0.913) , HJ5
WYk LDH \MELD $F43 (iMELD 431 Child-Pugh
4+9% , H MELD-LDH 5 LDH .MELD .iMELD #£43 .
Child-Pugh /> 2% 15l 28 dSET-HY AUC I L 22 3 42
i12F 8 L (P=0.007, P=0.028, P < 0.001, P < 0.001),
MELD-LDH il 28 d ZET= 1 cut-off {E Ay 33, AH W L
R 82.76% , 45 5 N 85.56% , FH A T AEL Ay
64.87% , B FIE 4 93.90% ; MELD-LDH i1 90 d
BET- 19 AUC 15 f K (0.850) , Ho J5 MK ¥k i LDH.,
MELD ¥ 43 | iMELD ¥ 43 1 Child - Pugh 43 %% , H.

MELD-LDH #4345 MELD ,iMELD #43- , Child-Pugh
M E 25 A St e L (P=0.002, P < 0.001,
P <0.001) ,MELD-LDH Fiijil] 90 d FE T~ cut-off {4y
32, R AEUEREE 4y 78.00% , 557 o4 79.71% , B T3
B R 73.57% , BAPETIIE A 83.34% (£ 3) . L L
45 K W] MELD-LDH P73 50 67 38 A5 7715 0 110 1
e DO E =
2.5 LDH.MELD-LDH %+ ACLF % 4T %9 3] BT ¥4

H4E ROC £ 53 #7715 14 (%) LDH cut-of R, #4 f&
F # Hr 4> N LDH < 273 U/L 44 F1 LDH=273 U/L 4 .
Kaplan-Meier 4= 743 #7 2 /1% : D1IfiL 3 LDH=273 U/L
() R 28 d A A Rl 51.85% (28/54) , &K T
LDH <273 U/L #2319 95.38%(62/65) , % %4 483t
2R (P <0.001,E3A), QIfiLiE LDH=273 U/L K
BH 90 dHEAFE RN 27.77% (15/54) , B EH AL T
LDH <273 U/L H 1Y 83.08%(54/65) , 23 H 4 it
2 X (P<0.001,K3B).

H 4 ROC 1 £k 43 7 15t MELD-LDH f# cut-off
{8, ¥ H F F 40 M MELD-LDH 4 Fl % MELD-
LDH 41, Kaplan-Meier £ 7743 #7 2 7R : O MELD-

FR2 HnEE28 dFEEZMEREEFNS FEZE Logistic E 34547

Table 2 Univariate and multivariate logistic regression of the factors affecting patients 28-day prognosis

I LAPSE EALE vl
LA OR(95%Cl) P OR(95%CI) P8
LDH(U/L) 1.012(1.006~1.018) <0.001 1.015(1.005~1.024) 0.002
WBC(x10°//L) 1.125(1.034~1.224) 0.006 1.008(0.881~1.153) 0.905
ALT(U/L) 1.001(1.000~1.002) 0.251 1.000(0.999~1.001) 0.850
TBil (wmol/L) 1.004(1.001~1.007) 0.007 1.008(1.002~1.014) 0.006
Cr(mol/L) 1.021(1.009~1.033) <0.001 1.018(0.998~1.039) 0.085
INR 2.837(1.558~5.166) <0.001 5.996(2.161~16.634) <0.001
A B 1.0-
0.8
- 0.6
By
=044
— MELD-LDH — MELD-LDH
—LDH —LDH
02 — MELD 021 — MELD
—iMELD —iMELD
— Child-Pugh — Child-Pugh
0.0 T T T T 1 0,0 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1R 1R
A:28d;B:90d,

&2 MELD-LDH.LDH.MELD.iMELD #1 Child-Pugh iff ACLF £& /58I ROC Hi £
Figure 2 Receiver operating characteristic curves predicting mortality of patients with ACLF by MELD - LDH, LDH,

MELD,iMELD, and Child - Pugh scores
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Table 3 Diagnostic performance of different parameters to predict mortality of paitients with ACLF

T &RS  AUC  P(us. MELD-LDH)  Cut-off{f  #Uf¥ (%) 5 (%)  BAMHIE (%)  BIHEHE (%)
28 d
MELD-LDH 0.913 — 33 82.76 85.56 64.87 93.90
LDH 0.836 0.007 273 89.66 71.11 50.13 95.52
MELD 0.816 0.028 26 68.87 88.89 66.64 89.86
iMELD 0.757 <0.001 45 68.97 76.67 48.79 88.46
Child-Pugh  0.578 <0.001 11 62.07 61.11 33.96 83.33
90 d
MELD-LDH 0.850 — 32 78.00 79.71 73.57 83.34
LDH 0.818 0.372 273 78.01 81.16 75.28 83.59
MELD 0.735 0.002 25 60.03 84.06 73.18 74.36
iMELD 0.659 <0.001 45 54.15 79.71 65.86 70.51
Child-Pugh  0.526 <0.001 12 84.14 26.09 45.17 69.23
LDH 4 (MELD - LDH=33) ) F& % 28 d A= 17 K N 3 W o

45.45% (20/44) , & 2 X F {X MELD - LDH (MELD -

LDH < 33) 41 B #1493.33%(70/75) , Z R AE G5 ACLF B A2 i R - 4l B sE T2 5 | e 28

X (P<0.001, K 3C), @& MELD-LDH 2H (MELD -
LDH=32) [f) % 90 d A= f£ 5K 32.78% (20/61) , it
FIK F{K MELD - LDH (MELD - LDH < 32) 4H H # 1
84.48%(49/58) , R 5t T2 X (P <0.001,/E3D).

A B

i S S O I B A B RAE BRI, BUE AT
SRR E B A B 0, 2 B T (acute
kidney injury, AKI) | i & £% & fit. (hepatorenal syn-
drome, HRS) | it fili 2% & 1iE (hepatopulmonary syn-

D

~LDH=273 U/L ~LDH=273 U/L ~MELD-LDH=33 ~MELD-LDH=32
~LDH<273 U/L ~IDH=<273 U/I. MELD-LDH<33 MELD-L.DH<32

~ 100 ~ 100 ~ 100 ~ 100

% 80 ;«% 80 % 80 % 80

L 601 Z L 601 L 601 L 601

404 RN 40 A 4 40 1 4 40 1

K i = 4 i i =i 4

= 209p0.001 = 209p~0.001 & 201p<0.001 o 201p<0.001

© 0 — ® 0 — 0
0 7 14 21 28 0 10 20 30 40 50 60 70 80 90 0 7 14 21 28 0 10 20 30 40 50 60 70 80 90

HEAFIHE] (d) AEAEIH] () HEAEIHE] () HEAFIHE] ()

A ASFENALTE LDH K3 28 d ZAEAFIRZR s B ANFLILYE LDH /K-35 90 d ZAEAF 2R 5 C. RIRI MELD-LDH /K- H 35 28 d ZEAE IR ;D AR

MELD-LDH 7K 5535 90 d A= A7 26

B3 A% LDHXMELD-LDH 7K ACLF £ 8417 £k
Figure 3 Kaplan-Meier survival curve of patients with different LDH and MELD-LDH

drome , HPS) | JH- figi 5 1 22 2% B 2 RE e fi5 255 11k
(multiple organ dysfunction syndrome, MODS) 5§ 7',
T SABIFTE A H PR ke 30 1 ) S BU A0 i3
LDH i i3 2, e b9 e I AP s 3 /) Bl
JHF U 4 244 Ff A2 v LDH B 7K P F00 TG P38, 5 1]
LDH 41044 550 R 9 20 JEF452 405, 388 v A P B e 9 /N Bl
HORERRTE SR LTS R = K70 VIR [ 0 TR
g SEP H RT S [ LT LDH KP- T

U BESE RN, FLER A 24 h ZLER T BR R
(A24Lac) "W 2H AUHE T L 8 1 2 B2 AR bR
S THOIN 8 k57 fE 6 RL 2R o 2019 A YH RV 3l IX.
JFRER 5 Hh 25 (APASL) 5T ACLF U4 e 2t 7L IR

5 R RRET 2 JUUET (INR P s 245 45 28 7. A A A
(AARC £ 7Y ) o455 HAth 3% 43 (MELD , SOFA | CLIF -
SOFA) A Hb 6 5 ME B 1 PPk ACLF 35 )5 . LDH
JEFLIR 7 A Wb ) — 25, IR UK LDH s 7T e 5
ACLF Tl J& AH 56 o L R I e 75 >R 4 8h ik o, , ) ik 2
SARAEAE ZE R R AR LA TE R T A AR B0
kg VA IRV T LDH 00 2 A3 7 R 4 B ik ot 11 AR
PRSI E, LRI PR HAT o = 0 T b
WEAEAFFT R ™, 37 6] ACLF FRZ i FE i .
WA L 355 LDH 38 T+ 5, H00 240 LA T 41 5 E
T4 I LDH K- 25 5 AR R i — 24 KRR A
LN 1190 ACLF B35 il 9120 i, 45 R R
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WBC. AST. TBil, INR, Cr, LDH, MELD ¥ 4} FiI
iIMELD ¥4l 8548 R UG AHC, #E— 217 2 H R
[6] 943 M7 {7~ , LDH . TBil . INR A B #5492k <7
fEbr 2. A, LDH 53F & Bt 24 B IE A
REPAFAE—E ARG, X —2P T LDH 5
4 B R WA ¥ . LDH 5 TBil JoAH XM 2% ]
RE S B ABERT AT N TSR A 5.

H1 T MELD 4336 5 (14 25 5 35k B 0011 IR
RO FE bR , 71 R T AR v R AR ), B 507 1
HERPE , DR LRl e ) 1y FH 5% 45 R 2 0 T
o i 7 TR 1 ) I PR T ) T AR AT
8RN, MELD PF43 45 I R B FH 1005 P72 B ACLF
BE TS BRLAEXIE T MELD-LDH $£4), H 22 5 .
AG it L. MLk, & LDH 7KF-41 1 & MELD-
LDH 41 (%) ACLF f8 35 F- 34 4 A7 B 0] 43 51 B dg 6
{i% LDH 7K F-4H F#1{i MELD-LDH 4 .

25 TR, I35 LDH f3RIA7K V-5 ACLF SB35 1
R B YIAHE . LDH 5 MELD PE4345 4 A 5 4 Hb i
fli ACLF BB TS o SR, AW FRATIAFAEREAS 1
IN SO HH TR A o AR REMS Y RREAR
it JfiE T2 e isE i — 2% MELD-LDH 5 HoAth
HFPEOMR R T . RIS Ar AN RIZE LA LDH
] T A5 /K -5 ACLF (R 38 22 3 B 8k S i il 5%
2, D e T KU 8 ACLF S HEA T LS
(&)
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