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[H=E] BrY HiTdEREX 2R R (acute pancreatitis, AP ) R F #4 E IIAEREHS (organ
dysfunction, OD ) FYTHEFRCR K AT REALH . 3% 2T AP £ KWL o pdlL e (M5
ChiCTR2100052568 ) F ) BAFIA-HT. 44N 2021 4F 11 H & 2024 4F 9 H454 2012 4EETT R4S 22
KARUERT AP B 5 $RBENLA IS0 M AR KB AIN B, TABEES 1. 7 FRMEF Ik, R e
G PE WL B AG N JEAE B P9 K2 F6hme, M PUTBTAG I L G o RAH ¢ K256 . Mann-Whitney U K55, 2
K & Z % Logistic WA T 5811 8. S5 R0 A 346 i) AP BE (A KHAH 171 4,
STUEZH 175 4] ), FELIFIEMAT L, Az K4 OD B A RAR TXH R4 (15.20% vs. 33.71%, KEIE
RR=0.45, 95%CI: 0.28~0.70, P<0.001); %57 K C RMEH. HMENE -6. ZEHER. i
WEARM -1, BAMEBIRIE L D- 3K TEALH e i & f e (] . I PRbRiE Ik EE AT 2
EAEBS TR (¥ P<0.05) 5 fEBERT 450 (9.5 d vs. 10.5d, P=0.021), MEHEHRELS
fiE (abdominal compartment syndrome, ACS ) &4 L (18.7% vs. 29.7%, P=0.017); IG5 &/
T (23.4% vs. 12.0%, P=0.005), 28 d &PMIER | ICU A5 K D4 b5 22 5 JC 40 14
B, e AP BT A AT WA RN OD M ACS USRS, 4R fERRmti], Zeevemrs 7
BLHIATRESHUAE . P N B2 B o S R A
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[ Abstract ] Objective To investigate the preventive effect and potential mechanism of raw
Rhubarb on organ dysfunction (OD) in patients with acute pancreatitis (AP). Methods A post-hoc
cohort analysis based on a multicenter randomized controlled trial of raw Rhubarb for AP (registration
number ChiCTR2100052568). AP patients who met the revised 2012 Atlanta criteria from November
2021 to September 2024 were included and randomly assigned to either the raw Rhubarb group or the

control group. Venous blood samples were collected on days 1 and 7 of admission, and inflammatory and
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endothelial markers were measured by enzyme-linked immunosorbent assay. Coagulation function was
assessed by four coagulation tests. Statistical analysis was performed using t-test, Mann-Whitney U test,
x* test, and multivariate logistic regression analysis. Results A total of 346 AP patients were included
(171 in the raw Rhubarb group and 175 in the control group), with balanced and comparable baseline
characteristics. The incidence of OD in the raw Rhubarb group was significantly lower than that in the
control group (15.20% vs. 33.71%, adjusted RR=0.45, 95%CTI: 0.28-0.70, P<0.001). On day 7, levels of
C-reactive protein, interleukin-6, heparanase, syndecan-1, capillary leakage index, D-dimer, activated
partial thromboplastin time, international normalized ratio, and fibrinogen were significantly better in the
experimental group compared to the control group (all P<0.05). Hospital stay was shortened (9.5 d vs.
10.5 d, P=0.021), and the incidence of abdominal compartment syndrome (ACS) was reduced (18.7%
vs. 29.7%, P=0.017). The incidence of diarrhea was higher in the raw Rhubarb group (23.4% vs. 12.0%,
P=0.005), but there was no significant difference in 28-day all-cause mortality, ICU admission rate, or liver
and kidney function indicators. Conclusions Early combined use of raw Rhubarb in AP can significantly
reduce the risk of OD and ACS, shorten hospital stay, and have controllable safety. Its mechanism may

be related to anti-inflammatory effects, protection of the endothelial glycocalyx, and improvement of
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microcirculation.
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201 i I R (acute pancreatitis, AP ) J& —
DL 2RI BB S E SRR (R, EAE M R AR 4%
('severe acute pancreatitis, SAP ) £ /5 Fr 45 AP Jii 1
[/ 20%~30%. SAP 3 H 2% & U1 e % % (organ
dysfunction, OD ) [ & A= % i F # M, OD J&
S AP BE RSN R, L RRESR
£ IE 2% P 58 & ¥ (multiple organ dysfunction
syndrome, MODS), MODS 4 5 5€ 3 & ik 47%",
OD W) &4 I FHIEK T AP B A BErT ] . B8
T ICU AL RAET KR P,

AP 5| K& 1) 4 B RIE N 25 A 1E (systemic
inflammatory response syndrome, SIRS ) J&F%( OD
() EZHLH Z— o RIEAN BLE L MG 2 AL R
N ZADAVE ARG, WERE. WM. S BB FLONE,
A& 2 = . 2VEFIRE LA IR . I
[&] B % 2% & 1iF (abdominal compartment syndrome,
ACS) LR H I ERE Y, BAMEBIRG S
TEQ L Ry AP J5 3 & J Sl OD 1Y B 2 RN AR AR,
IHAMUAE R N B A DR s s 82840 5 i
Tilfe B A B

B X AP 5 Jf OD, JRY7 RIS AL4E HL I T 1Y
SR ERERIARTTY, WARBOERAAEN T, FEAG

MODS & AE# LB ME T, WiE s EE .
HUAGE SRVE 57 3CRE, s B i s 1 2R T
SR, TREEZHLERTIG AP 4k % OD J5 I HIVE R 475
R AR I R UEE o 55 T 1T A Bl AL B0 i & B0
AHHFE 38 L BRI 37, DRI R BT AP A&
H OD YT Bl 2R A AL o
1 #ZEREFE
1.1 HRIK

A5 —I = 5 A A, BdERIE T <
2 KR SRR R B Z e . BEPL . XT AR
57 (WS . ChiCTR2100052568 ), Jit RCT 4
i 1010 5L AP B35, HEBR 401 BIIAST & AL
PREF G, 609 Bl ETE 1« 1 BEHLAAC B4 K
H (n=304) BXTHRA (ZRFIA, n=305), BN
G143 A N IR BEAIL T BRI, 290 ATE 2021
A 11 H 2 2024 4 9 H R A4 I H BA 528505
FROEE ) B . R AEAR R R R
ghEteRR, BERIRAEEN 80%, o /KK 0.05,
ZFEA R 2 LA A B i i oK

AHFFENARRUE - (1) AFRFERIE 18 ZLUL ;
(2) FR4E 2012 FFAETT RRE A5 % R S IR R 728
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Ko L E BRI ® AP 2 W E R LT =
AFREHT DA - O I PRAE IR FE IR
QLG TERBEF (3% ) N 7K - i 1 B
=A% ; QIR GBS CT) ik
IURARFRRIEMER B, (3) A 58HEBEN . RAEKR F .
PN B2 LTSI B 0 R . HERRARUE < (1) BEA1E
PENERSTIREAR R 5 (2) ABERfEg: & BAF A
PR RS IREAR 25 (3) oA LRI Mg ;
(4) LTS EBEHEE A

AWt —2 N B IR BEHLHE e, b
HEBR 263 1, Horp A= KB HERE 133 61 (HERR He )
43.75% ), XFRRZHHER 130 1] (HERR HLA 42.62% ),
PILLHERR LA . B 3L 346 1l B AT,
Hop A RE A 171 45, XTHRZL 175 6], PHAISELR Y
fEXM AT L, AR EIILE 1,

58 7 S 3J AR S HILAA A8 B 2% 53 25 4L ofie [ it vfE
51 2022-P2-012-02 ( BB B R 4B JE db 5t A i
R AR 2 ), 2021 (84 75 (b
PP ELS & 22t frh o EEREMER ) ],
i 5880858 AERES.

[ERCTIHFEMER
A E n=1010

HEER401 BIFFF S RRCT N HE

thEE
FE# 53 ER
2n=609
‘ EAREA n=304 ‘ WERA (KAL) n=305 ‘
HeBR13305) (HEBREESI HEBR1306 (HEBRELH
43.75%) 42.62%)

REMNEKER n=171 ‘ RAMNFHRA n=175

~

TRBRTHEBIAN n=346

1 AT ZAE NS HER R
Fig 1 Flowchart of inclusion and exclusion criteria for participants in
this study

1.2 AR Fi%
A REYEARGEZEEE B
IT o X PR R F IR 2012 4RI T IR 4 22 R &bk

JERBR AR 3288 Ko SCRY [ PR R E IR YT O i A 7
7, A4UE 2 h WRIES T4EE 3R B2 50 mg (K
HOIERZS ) M 30 mL R RKIRIE, 4r2
B EmEEA. AD)E 2 h WA KEHBETE
X B Sty b, b A S 0% 251 kR A B
NFENESAEREFTRY, D03 g/ike - d) 197 5l
HIRIK 30 mL IR, 42 WK /d it BB TEA,
HAITFEN 7d.

AW F LG R A B 7K OD, MK
Sepsis-3 [EPrILiH, SOFA 4334 hn = 2 43 Fe e H
AKX ERERZIRY. 2% 7R
‘B34 (sequential organ failure assessment, SOFA )
TE R ", AR E L T—8E &R
4t SOFA W4 = 2 43 BV HIE HiZ R4 Kk OD, 43
A OD Z1A1TJC OD A, PFAG ] s ik A4l )m
7R, HAREERTE-E D Rt
PSR B IRE I S 45 R T . SR Tee 45 M
15 SAP HHYMFSE, ABEH: 7 KJ& SOFA 171 HHiT
)G E %, T[] 521 SOFA 143 %F OD J¢
AN RS 0 A (E B L ( AUC=0.858 ), Al It
ARWFFRIEFEAEABLS 7 KIFAG OD A%, % &R
B BB ABEI AT e T AAE 2ME OD, AHIFFEIN 3
BLEE R E UM ABESR 7 R OD IRE (& Hi A MA
BB CAFFE R 20 OD HFZEfE7E ), MARIR T8
R,

UCEESS St bn o LT e s kil abn - I %
SERREY) « C- WA ( C-reactive protein, CRP ),
F 2 ffis 2 -6 (interleukin-6, 1L-6); PN EZ JifE+s
br . CWERT E [ (heparanase, HPA ), Z A4 H
ZEME -1 (syndecan-1, SDC1 ), FE 40 IfiL45 15 T 5 L
( capillary leak index, CLI, J1&/A3 A CRP/AIb )™,
E M D) REAH OCHE bR 1L /N AR5 (platelet count,
PLT). & IfiL /i J5i B (8] 3% 2 B ( prothrombin time
activity, PTA ), £F 45 15 (fibrinogen, FIB ), D-
TRk (D-dimer ) FIEPFRPRAEIL LA (international
normalized ratio, INR ),

RELIG R S5 )R - fd% 28 d & FEWIER | ICU
AMERR L AEBEE] BRI ACS K tE A

ACS ZWibrif " . R WSACS 2013 2
S, BV IO He 3k I 45455 22 TAP >20 mmHg (1
mmHg=0.133 kPa), [FAf & If OD (IFML . fFH,
BHE. Bsirh s RETE— RS ). 1AP
WO BEMEML, RhEOKERE, 2R
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B BEHETEA 25 mL TR A BEER K, IESRTER,
46 h il —YR . TAH & SCH TAP = 12 mmHg( 1
mmHg=0.133 kPa ), ACS & IAP >20 mmHg :# %
A E =

R 1l bR AR Y AE A BE G 55 1 R AIER 7 KAl H
FKImBTEES , LA 1000 g B5.0r 15 min FF17 1M 53
B, IR B R B KR AETE -80°C, 43 il A
FHN IL-6 A0 ELISA #a:lliat71] &( Proteintech,
USA) K 1l ; Heparanase in vitro SimpleStep
ELISA® i | & ( Abcam, GB); SDC1 WHi 3 0>
ELISA #5355 &5 ( Proteintech, USA ). & Ifi. T
REAHOCHEDR « BEIM 4 THAGT .

GRS EEONEIGIRRIL, W . 75 . o
OO AU 25 )5 R TC 2k B AR S A B B e IR
PLRCH IAEAFpnadE I D RE . B R o
1.3 HiIFrFFE

TEZS oA 0y E A R T Y E = Ak 2=
(x+s) FEATHIIR, PO IR LLACR S A 4G
5o THE ORI IEAS MR Shapiro-Wilk #5617
AR 0 FAEIES A i 8 R a2 (-
VUM, B PUAE) [M(Q,, O))] BETHIA, P
ZH 8] Fb 3R H Mann-Whitney U K56, TTHEUEE DA
LT HOR A o e, AR LSRR TR g
R TVl AP 2R E A R AR, TR A X
k& 2= 5 (absolute risk difference ) M H:. 95% B X
[ CIWE R4 X 2SR , I3 ARXT KUK relative
risk, RR ) K H: 95%CT A ARXT BN FE bR Ayl
WIEIRAAF R, RHZHE R Logistic [l)94
HIZE TR AR R 2, M1 BT A R 2804 - A% 1)
BMI., JHJEFERERR AR . BRIREBR A . R PE R
R HABFE R IERR A . Sk 2 S g R
#il (acute physiology and chronic health evaluation,
APACHE ) - T ¥¥ 4. SIRS ¥ 4. Ranson ¥f 43
T2 PR TR M 46 TR 5% ™ o B2 45 41 ( bedside index for
severity in acute pancreatitis, BISAP ) #F43, 4zt
THR IR RE J5 KUK 2 55 22 L 95%CT FHA % 5 RR
H 95%CL, i 45 (0 PAE Y XU, P<0.05
2R A G EE R S A G T Bl R B R
K 422) #t7.

2 #R

2.1 MABENELISTLRE
TEALL AP AR, RN S 47.40% ; fig

T 5 L 34.10%, PRSP 7 L 6.64% 5 LAt )5 [
SRR 5 11.86%, TEAEES . MM . B4
B R SRR SRR T, PR
ZRTG 2= (P>0.05); ABEE4 1K, AP
MFEPEr 248, 45 Ranson P43 . APACHE 11 3
43, SIRS P43 F1 BISAP ¥4y, 7402457 58
T2 L (P>0.05), 1L RAEAREY) CRP, IL-6
FEWA 2T IG AR L (P>0.05) 5 TR
$5%5 : HPA, SDC1. CLI 7E /40 7] 22 % L 48 i #
B (P>0.05); &EMY)HEFHCTE 4R - PLT. PTA.
FIB. D-dimer Fl INR, 7E P2 [H] 2 5 o4 it &
X (P>0.05), WFE 1,

22 WHABREAPHOD £4X

WL OD RARILE - {74, OD 26
i (15.20% ). Xt B 20 1, OD 59 4] (33.71% ),
ZHERSIERE/R, SXHRAMLL, HITH
OD HYy % = XU % 1% 18.51% ( RR=0.45, 95%CT:
0.30~0.68), & IEWR 4N &K J5, 4 K# 4 0D
J M R A o X s ) R 4 R AR 17.76 ST 4
H(95%C-26.42%~-9.10% ; K¢ iE J&7 RR=0.45,
95%CI: 0.28~0.70, P<0.001) W55 2,

2.3 LISEIGIRLEE

T 7 dJE, SXIAMLL, AREAREN
RENERIERE AR (CRP, IL-6). W itr
(HPA, SDC1, CLI) &k I B Gg 48 #r H APTT.
INR, D- — ® &M FIB ¥k 3% (1 P<0.05), i
PLT. PTA fEdlmI 2= 55 EGeit=#i o shbh, R
IR ZE A (blood urea nitrogen, BUN ) 7KK T
X HRZH 22 Sk B S i 245 L (P<0.001 ), T L
(creatinine, Cr) 223 ARIRFNGE 2475 L (P>0.05 ).
JFIIRE (AST Ml ALT ) KA B SO & A R AE P 2
227 TG4 L (¥ P>0.05) W3 3,

24 MABREIERERSREMER/LE

I RES Jm 7 T, A KA 28 d & PRRAE 3N
2.3% (4/171), fRFXHRLH 5.1% (9/175), {H2
ST E XL (P=0.170), W4 ICU AfFEH I
ARG FR L (P=0.621 ), A KR
BFfEh (9.5 +3.8)d, A FXFRRZLAY (10.5+3.7)d,
ZRAGIEE L (P=0.021 ),

Gt R, EREAHEE KRR
23.4% (40/171), & F XA 12.0% (21/175),
B G L (P=0.005 ), SERGEHITE,
KRR R ISR A (3.11 £ 1.70 ) d, 5 FXf B8
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Table 1 Comparison of baseline characteristics between the

two groups

i %foﬁ) <i¢ff7§?) HAE PH
PNRELT

(%) 57 + 17 57+ 18 0.11  0.909

Zopf 60(35.1) 64(36.6) 0.08  0.774

BMI (kg/m’)’ 253+4.6 25440 0.09 0929
A

[ 82(46.9) 82(48.0) 0.54  0.838

A 14(8.0) 9(5.3) 054 0307

PRl 59(33.7) 59(34.5) 021 0877

oAb 20(11.4) 21(12.3) 024 0806
PR B AR 0.03  0.983

BE 60(35.1) 63(36.0)

HEAE 49(28.7) 49(28.0)

FIE 62(36.3) 63(36.0)

APACHE I (4}) 6.00(4.00,8.00)  6.00(4.00,8.00) 1517800 0.816

SIRS (4}) 3.00(2.00,4.00)  3.00(2.00,4.00) 1578950 0.365

BISAP (4}) 3.00(2.00,3.00)  3.00(2.00,3.00) 1581850 0.358

Ranson (4}) 4.002.00,5.00)  4.00(2.00,5.00) 15260.50 0.742
RAEFEDT ©

CRP(mg/L) 22(6,72) 19.(5, 69) 058  0.563

IL-6(pg/mL) 31(17,48) 29 (17, 46) 0.84  0.658
N Die g s ©

SDC1(pg/mL) 1.24(0.79,250)  1.33(0.90,2.07)  -0.77  0.442

HPA(pg/mL) 2338(1450,3861) 2418 (1519,3689) -045 0452

CLI 0.57(0.15,1.86)  0.51(0.11,1.90) 043  0.667

eI E

PLT(x 10°/L) 200(159,242)  185(148,242) 093  0.349
APTT(s) 272(249,29.6)  27.4(256,293)  -0.59 0437
PTA(%) 82 (74, 90) 84 (74, 90) 154 0256
INR 113 (1.04,1.19)  1.14(1.05,122)  -0.78  0.424
FIB(g/L) 3.99(2.99,5.00) 4.15(2.96,522) 094 0395
D- Bk (mgl) 147(0.67,338) 122(0.67,3.12) 121 0225
JFThfEsEdT ©
AST(UL) 4020, 117) 4121,126) 016 0470
ALT(U/L) 38 (18, 153) 51(20,197)  -1.04 0299
& ifefei ©
CREA(pmol/L) 65 (53, 80) 65(53,78) 001 0.464
BUN(mmolL) 470 (3.46,6.12)  4.85(3.28,591)  -0.72 0431

¥ : BMI MR TH5 %0, APACHE 11 22 A B 5 08 1k fidt BE I 43
11, SIRS N4 B Rk 2 W 5B AE , BISAP Sy 2t i 48 )™ T 14y,
CRP Jy C LW, IL-6 NHAIMIANZE -6, SDC1 N EZ L KEH
BHE -1, HPA NMIFTREEEEH, CLI BB IRIEE, PLT
/R, APTT S 3E A0 o e I 1 B ], PTA A8 il il I
AFIAE SR, INR A EPRbrfEfL (e, FIB NET4EE R, AST N
KINEAREILF AN, ALT HINEIRE TN, CREA MLEF,
BUN WIMJREA ; * Fxxs, "R (B, %), °H MO,05)

1 (3.99+1.61)d (P<0.001), A=K #% 4 ACS
g%k 18.7% (32/171), K T X BE4H 19 29.7%
(52/175), Z5AFIT¥EX (P=0.017) W& 4,
3 itig

AP 5 B A B KGRSOV SR i L 3t

F2 EREX AP B OD KA KU 1500
Table 2 The effect of raw rhubarb on the risk of OD in
patients with acute pancreatitis

fi Yot I 22

TG RR

H >, a -, a -
il 5 OD &/ OD Kk 95%C) OS%CIY P
HEREAL 171 26(15.20)  145(84.80) (-17.76%) 045 <0.001

(-26.42%~-9.10%) (0.28~0.70)
I 175 59(33.71)  116(66.29)  LOO(BE)  L00(B%)

75 :OD N#E UIRERRAS ;A (], % ;" JAHE IR AL FEAR A AR5
BMI., AHVEVEBRARAR . BRUEPEBAR A | R PEBR g . Hofi b P e
% . APACHE I1 ¥4, SIRS i'-4). Ranson i-43, BISAP T4}

R3O WHABEEB 7T RRIE. NETIRE. /MR,
BEIML I RE M AT IRERY LLAL [M(Q,, 05)]

Table 3 Comparison of inflammation, endothelial function,
platelets, coagulation, and renal and liver function
between the two groups on day 7 of hospitalization

[M(Q,, Oy)]
o SN X IR ,
i (n=171) (not75) O Pl
RAEARRR
CRP(mg/L) 7(3,16) 64 (23, 126) 346 0.008
IL-6(pg/mL) 17(9,27) 24 (13, 40) 348 <0.001
W HhiER bR
HPA(pg/mL) 2569 (1584,3725) 3,318 (1958,4974) -348 <0.001
SDCI(pg/mL) 1.10(0.69, 1.87)  1.43(0.78,2.56) 270 0.007
CLI 0.20(0.09,0.44)  2.09(0.61,4.03)  -3.55 <0.001
[N
PLT(x 10°L) 207 (160, 265) 214(164,271) 033 0.739
B YIRS bR
APTT(s) 27.8(25.0,29.8)  29.6(273,327)  -3.57 <0.001
PTA(%) 84 (76, 89) 81 (74, 88) 194 0.053
INR L17(111,127)  121(1.14,130) 212 0.034
FIB(g/L) 374(2.99,490)  4.56(3.48,5.62)  -3.48 <0.001
D- Bk (mgL)  1.5(0.9,2.7) 2.6(1.3,5.5) 348 <0.001
JFSRES bR
AST(UL) 22 (16, 36) 25(17,34) 038 0.701
ALT(UL) 27 (16, 50) 25 (15,47) 0.77 0440
ERIliZ it
CREA(p.mol/L) 66 (55,79) 65 (50, 80) 057 0567
BUN(mmol/L) 277(195,391)  347(249,492) 350 <0.001

¥« CRP 2y C R, IL-6 A% -6, HPA NIFZHRLS
HHM, SDC1 FZHARE BN -1, CLI HBAINE BB,
PLT Mifi/IMRITEL, APTT A3 Ak /56 15 BT 1Rl , PTA SA#EIL
BB IG S, INR N EPRbRAEL U(E, FIB NEF4EE AR, AST A
KITARAFRAIL R0, ALT NN RRRAFE R, CREA JJILE,
BUN WIJRZEA, ACS WA ELAE

R4 WHBEIRIRES R A2 VeSS R i L
Table 4 Comparison of clinical and safety outcomes between
the raw rhubarb and control groups

— R XHRYL .
=N 5
ikl (n=171)  (n=175) oif P
RS )=
fEBEHTE (d) * 95+38  105+37 -232  0.021

Mk EfntE (d) * 3.11+1.70 3.99+1.61 -4.96 <0.001

28 d 4x[HFET " 4(2.3) 9(5.1) 1.88  0.170

ICU Afi:° 41 (24.0)  46(263) 025  0.621

ACS REFR® 32(187)  52(29.7)  5.69 0.017
- ae el L) i

JEiE 40(23.4)  21(120)  7.73  0.005

T+ ACS I I 6 B 32 £33 AE 5 A e I 18] K2 16 ik 2 Ak 1) 1] 22
Shapiro-Wilk £ 4 £ IE 2550415, 2] FUECR SRR ¢ A8 5 FE
AIECGORHI] LLBOR T 2 ks s * I x=s, "R (B, %)
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I B B TR M 5 AT o TR A S R T
SEUEMRALR G, ik 2B PERIE RN, IR
MR R F R AE, (H 0] GEE Rk SIRS. £ SAP 1,
o BEAN I FIEE oA U R B AE 2 2 3R SR IR L
P E B CEEN E ", SIRS Al pE— & JE R 4
PN ZAE, HELOD, & FEH MODS"™, et
R, RAEN RN IL . PR SR FE K 7 it fe R 1
FEBAN A0 AR B vy P A G E H 1Y,

AP JBFEH RN G IRERS, REAE R I N
P AEE I T RE AL 1Y AR R, BRIIRSE A
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