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Abstract

Objective: This paper aims to investigate the impact of perioperative Enhanced Recovery after Sur-
gery protocols on the quality of recovery following liver transplantation in patients with hepatocel-
lular carcinoma, and to evaluate its efficacy and safety. Methods: A total of 92 patients who received
allogeneic orthotopic liver transplantation for hepatocellular carcinoma at Qianfoshan Hospital of
Shandong Province from August 2020 to June 2024 were included in this study. According to the
perioperative management protocol, the patients were divided into an ERAS group (n = 52) and a
conventional care group (n = 40). The following outcome measures were compared between the
two groups: time to first flatus, time to first ambulation, ICU length of stay, postoperative complica-
tion rate, total hospital stay, and hospitalization costs. Results: Compared with the conventional
group, the ERAS group demonstrated statistically significant reductions in time to first flatus [3.5
(3.1,3.9) days vs 4.2 (3.6, 4.5) days, Z=-4.702, P < 0.001], time to first ambulation [(6.29 + 1.85)days
vs (9.02 + 2.26) days, t = -6.852, P < 0.001], total hospital stay [16.0 (15.0, 19.0) days vs 20.0 (18.0,
21.5) days, Z = -4.497, P = 0.001], and hospitalization costs [23.46 (22.46, 25.08) ten thousand yuan
vs 27.38 (25.96, 29.69) ten thousand yuan, Z = -6.675, P = 0.001]. Significant differences were also
observed in the overall postoperative complication rate (30.8% vs 62.5%, x2 =9.214, P = 0.002) and
the incidence of delirium (7.7% vs 25.0%, x% = 5.249, P = 0.022) between the two groups. Conclusion:
Implementation of the ERAS pathway during the perioperative period is associated with signifi-
cantly accelerated postoperative recovery, reduced incidence of complications, and lower medical
costs in patients undergoing liver transplantation for HCC. This pathway demonstrates favorable
safety and possesses significant clinical application value.
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JHF 4 i 2 (Hepatocellular Carcinoma, HCC)/2& 43R0 [l 4 5 ZUE P s AH S0 T 0 28 DU R IR BRI 1]
WER M m KB K, SRR Z) SRR a g — 2], BHAT, #X5F ] HCC &F 2 a7 Tl
BLIESE, WFEARVIER. ANIBIT THRNETT ARG IR TT 55 (3] T REA U bRk 1) e
TG T, AREAEAE R — Tl A AR 6 e 5 a0 07697 7 20, e S I A A7 B
TR 4], REMNBHEBARANEL, B4 5 EARNE ARG IRE 8. I RIER A R AT b
I [RS8 ), AR o A g — AR [5]. s B &2 4 FH(Enhanced Recovery after Surgery, ERAS)s&
— PRI TR R SR 3E 1 2 FRHIME ST, B LRI, R T RN N . 4ERFE
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HIferaE, HEEARE RENESLEFRSOFEEE T, et B PRl R . B ARE. AR LR
I 18] JF 0 Tl (6] ERAS P O B i B4 KB RHESUSAR 212 B, JFRUR R MOR (7). ST,
TR T ARBRAEE 4 BHEH ., QIR HEH ARRTIEAPIRIL 22 5 50K, ERAS FE U A HE) AR X
e 7], et 58BNV Z 78 0 ImPRAEYE « 5T 0k, AT TR Fi0T 5 A0 A8 0E 1T 4 i s A
P R T G, R BBUE 73 M7 i, R GEELEL ERAS R AR 5 4% G BB AR AE R T A I R ROCR
H A PPY ERAS X E ARG KR HERE . IF RO R R R BT 2 BH A AR IS, D B8 TR A AR 30 2
HIPL IR LI R KR 5 2 5%

2. EMEHE
2.1. MREMR

HEEL 2020 £ 8 A 2024 4 6 AR, KRR &M T LR A T 1L B2 BB 52 [F) A A JE A BT A2
FARMEEIL 132 . MRAENHERRbRUE, LI, RIESLPREE 32 1 B AR M B 2065 555 4 N ERAS
2H(n = 52)F1H MVETT 4. (n = 40).

2.2. PAEHIBRRE

IWNFRHE: (1) RJWHELEIZ N HCC HAFEHUMbRME: (2) RN FFF A AL A H oy X
WRIBHEA; 3) BHEFRKT 182, NT 70 % (4) THSMME A ANEEIEMEEE; (5) LEE
JUESS ™ B R AL . HEERARAE: (1) ARFTEHAM™ BRI S IFE. . SEBRSZE. ABO M4
AR () RATEZE TR RFARE: 3) RemluRiGIT Ashthb: @) BRI A%, FE
Eko

23. BIELFR
W EFEARAE T RIERLE 1.

Table 1. Perioperative management protocols for the study patients

1. BEEARHNEELRR

BH TR ERAS 41 A
Y B A e A R B e AR R AR B R (HADS) " [8] WIS MEE AKX BT AN
DT TS B EOERE, I EE KFEMTOHER S LEN RN, AT
HFAREH. PG
- SEE R FBIAT MO TR ETL, S EREARE R 0% 5 AT R A =
- = (BFEPFI . TIRIES S5k R B R FARF FEI,
o ARET 6 IR AR, RAT2 NEER, ATATORDE  RAT S IR R A, %5
H BEERK . ARETAH AT 4 Ke FRET—HL THER -
AR AT RATRESE AL AT v SR I K, B R FEE 9 200 JH e e . e A AL S
v FHETE . UF ARSI
J= s o 2 St A 7 Yz e
RT3 meﬁeéﬁhvﬁgaﬂgPﬁ@?@ﬁm$ﬁw FH. AT A
FIRAEREE 24-26°C, REUIMEREE S/ L i 15 26 n i
£ e FhE, 4EFFIZORIE RV BETE 36°C UL L, RuTREM/ADIERM HEFZORERKT 36C
" a BRI . KRR 25 B IURAZ5 (A, TR &5 ol S B IS 888 ST B A 5 e
LRI .
R H A7 S 1467 (Goal-Directed Fluid Therapy,
WA GDFT), RERS> BERPANE, EhOoBiEds  DgERESRE N E .

FERARIIACFOR T RE <10 cm H20),  PLIBERARFA fiLdir o
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Y
MBSE R TLERRNL, LA A, e R
B AR B R HHARARE.
T# MR B G R T HHUICE T .
RERER  BEFMENE. AARE. AR, REQ2-8 P LR A AR
g3 h PR R KER -
IesEf/ IRE, §&HTEI TS , RIGE 2~ % . .
S AR PR tEIn&ﬁE;I?ﬁFIE ARJE 5 2~3 REIATR RES 3t KRR
WL O ESE R, e e R (T
ey VRHFURE, 0BEARRS 23 RIREE, BRI 7S P
gy ye  RETEARUCE, BLLEEERERE, BRERON 0" T R
- ) EYERFIE 30~35 kealkg, & FIR4ERFTE 1.2~1.5 gkg, FHAEA MB’;‘ﬁﬁﬁ‘ﬁF IEY iﬁﬁm%*?%
(NRS2002 # 7% MR AL PE4Y ) > [O]HEATE IR KR I 75 . N e =
L5 A RN/ T 50 ml24 h BESIREIAAME  WGESI AR, 51
Kk GNREHRER RO, AR 3~6 REGRIAN FRGOARES REEH RS SR
= WE, RIEH 8~12 KIRMRA AT F5lRE . bF 50 ml B

RHCES+H S & 1S 077 SN s s, RS 24 /i
WENJTARIR _EiEa, &I = 5 BN 520 Bl 262 £
BRFEIZE), R R R QAT AT RIS, s

RLEBE B 5 RS LRI

TS e, e RGO, XM R, B A s
TR s R S~7 T e 5 R SRR A B 4
R BT, AR B R B
1CU IR BE 47 A 5417 30 AR 0 (5 1 5 i,
AT A, I R A, NS R K W ad
oy SOMEEEIR S D, SRR TRAPLTE B ARSI AL,

R, AR I CE . R, AR 3 K
Je5 7 R HADS XA H DR AHEAT WA JERHE i
e

ANHEAT 3 HAREE A8 K
IVSEEN S

7¥: 1. HADS & £ E(HADS-A)FHAN(HADS-DYH AN 3K [10], % 7 ANH, BAIE 2508 0~3 45, 2R
0~21 4% o A Et AR A R A/ SN AR R K PR o PEAXAE 0~7 Z IR B FARAE IR, 4 1E 8 43 K LA L4z
FEBUE EEIR . 2. B 57 XU I £ (nutrition risk screening, NRS 2002) 2 KR 7 41 P & 77 2 22 (ESPEN)H#EF£ 4% F (1943 B
BHEEFEREIFE L, BN T4, >3 908 SUNFFAEE TR .

2.4. MEBIEHR

2.4.1. RpFgtx
O TR A FREE T 2. BEATA BRI 18] . TSR K. R &, SR E, AR RAE
RAEZREERPRE <36°CIRIAER).

2.4.2. RIFIEHR

PR JG B DhBe RS 15 0, AR AT X ARG 2 A A ) S IH£L 32 (Total Bilirubin, TBIL). 4 P 2 i
(Alanine Aminotransferase, ALT). 7+ B % iff(Aspartate Aminotransferase, AST). y-73 2Bt % # i (Gamma-
Glutamyl Transferase, GGT). Bl % 12 B (Alkaline Phosphatase, ALP). H & H(Albumin, ALB) A I ALET(Se-
rum Creatinine, Cr)7KF; RN idst 4k BRAUERE . IRE . BE LIRESIE B E, CURE CHES ]
TEHER. X NRIENN A ICU AR K& EFRAB RAZ 12 RAERE KRG SERREFE
e 2 o
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243. HRERZEE

AW AN NS G0 T 1) RORE Y AR A J5 3 0L BLOCER28 Y, - SE R M s O IEE R
i L FRRRE LAY I IR R o« FRRRE R AE 28 58 SN FTE NI FE (0 83, R e 1 ) 22 /b R A —
RSB AT R I RORE B 28 B T NFR I A bl et R AE R, AR — B R REL
R, S A— R RREFE; 25 R — B R B2 FOR 2RI I e, IR I R DL
Mits, AR RERBS .

2.5. GitER*E

KH] IBM SPSS Statistics 27 G it A HATEIE 9. FFE ESSAA R 2R DCFIE i ER
N, KH t B L . AN IES AR ITHFE TR LI M (Q1, Q3)FK IR, KRHFRFIREL b . K1 iR H
2 R IBE Fisher FEMIMERIG L. P <0.05 R EFH LR Lo
3. &R
3.1. BN

WAL R TR LR G R B IR, EFER . REIEE(Body Mass Index, BMI). £ A Wi 15 Y
(Model for End-Stage Liver Disease, MELD) -7 & AR J& #7697 (B 4G L S MKACTT # ZEAR L JHF I8 S A fih
AR TooK GRS REOTT T, 238G 5 5 (P <0.05), FRHMAHFELRE B AT PELE 2).

Table 2. Comparison of baseline characteristics [ X s ]

2. BEEMEEE[x+s]

(S BMI (kg/m?) MELD 3% ARETRHIEIT RBR)
ERAS #4 53.71 £9.63 24.71 +3.45 9.63 +2.30 144 £1.21
AL 53.35+9.27 2434 +3.12 10.37 £2.19 1.13+1.31
tE 0.181 0.533 -1.564 1.193
P1E 0.856 0.595 0.121 0.236

3.2. RPZER

P AR R L S oK, BRAS AR H & Rk e NE . ([RAREAER L TE
B R B EAL T H AP < 0.05); TPZELE TR ). A Bl 9 A TC 07 T 22 S R4 i
(P >0.05) (L7 3).

Table 3. Comparison of intraoperative data [ x =5 , M (Q1, Q3), n (%)]
F 3. RPERER[x+s, M(QL,Q3), (%)

T AW 8] (min) A AT BRI H(h) JEHF I (min)
ERAS 41 398.5 (380.0, 425.3) 3.6 (3.5,3.8) 38.0 (36.0, 40.8)
WA 420.5 (395.25, 450.0) 4.0(3.5,4.2) 40.0 (37.3, 42.0)
VA -1.943 -1.921 -1.758
P1H 0.052 0.055 0.079
A Hp H I (ml) A A B F(ml) AR R AR [1(%)] T B THCE R [H1(%)]
ERAS 41 800 (525, 1000) 4397.5 + 866.3 8 (15.38) 7 (13.46)
gkl 1000 (800, 1425) 6288.8 £ 979.2 16 (40.00) 29 (72.50)
Zhi i -3.528 -9.808 7.105 33.085
P <0.001 <0.001 0.008 <0.001
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33. REHEH

ERAS A7E LA KK T Iebr LR E R T H . R, ERAS HEH SEWFEIE
W R B R REIRE) kBRI )35 &2 5 AP < 0.05) (ILF 4). HBHIRemEHE
PR, RPN TR M E RHER ] BE R AR G B G &R IRIE SN (P < 0.05) (W& 5). fELA T
M, ERAS HRIARJEE TR 5 AR I IORE 1R AR Z I 825 BAR(P < 0.05) (LK 5+ 4 6). TEZRUF
febr b, ERAS A1 ICU {5 BER A AJFSERTR R, AR 2t E (P < 0.05) (M4 7).

Table 4. Comparison of postoperative tube removal time [M (Q1, Q3)]
* 4. RESERMETEILLRM (Q1, Q3)]

AUEARE R BRI [ (h) PRAE IR BRI ) (d) A RERI 1] (d) R G UE TR RN E)(d)

ERAS 4 7.8 (6.2, 8.9) 2.7 (2.4, 3.0) 3.6(3.2,3.9) 5.0 (4.0, 6.0)

R 12.1 (8.0, 16.4) 3.4(3.0,3.5) 4.2(3.7,4.5) 6.0 (5.0, 7.8)
VA —4.588 —4.823 —5.244 -3.095
P <0.001 <0.001 <0.001 0.002

Table 5. Comparison of postoperative outcomes [ X +s , M (Q1, Q3), n (%)]
5 REERER[x+s, M(Q1,Q3), fil(%)]

Stinali s N B IR XU R A R . N 15 R A B
W st FINCUER crintie R
ERAS 4 3.5(3.1,3.9) 3.9(34,42) 5(9.61) 6.29 £ 1.85 4(7.7)
i A 4.2(3.6,4.5) 4.2 (3.7,4.5) 13 (32.50) 9.02 £2.26 10 (25.0)
7/t 18 -4.702 —2.405 7.524 —6.852 5.249
P1E <0.001 0.016 0.006 <0.001 0.022
Table 6. Comparison of complication rates [n (%)]
6. FHEAER S FELE[H(%)]
i s AR JIE T8 I R Y1 H R AE FRIE B R AR
ERAS 41 14 (26.9) 1(1.9) 1(1.9) 0 (0) 16 (30.8)
W 19 (47.5) 3(7.5) 1(2.5) 2 (5.0) 25 (62.5)
E 9.214
P1E 0.002
Table 7. Comparison of economic indicators [M (Q1, Q3), n (%)]
Fz 7. SIFIEARLEERIM (Q1, Q3), (%))
ICU {5 & Al (d) A5 SR TR (d) B 3% F (JT 7t)
ERAS 4 3.0(2.7,3.0) 16.0 (15.0, 19.0) 23.46 (22.46, 25.08)
R 4.0 (4.0, 5.0) 20.0 (18.0,21.5) 27.38 (25.96, 29.69)
7/ E -6.833 —4.497 -6.675
P 0.001 0.001 0.001

3.4. FFERERERR

PRALBF AT SRS 2 A S DIReFabr i B x Lb 7 #r45 R 7R, ERAS HAEAR 5D REKE T7
AT A, BAARIUA BB R S BE(ALT AST)/KF FRETE N B35, RN [ 8 HK-F4ERF &,
FL TR P A T ] A e TRt e R SR (LA 1)
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£ < 300
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H T 200
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5 20 S
o
- 100
0 T T T T T T T T T 0 T T T T T T T T T
N R ,rp b?f & aF /m@\ S P ﬁ A7 ﬁ@
S 45 T & YJ & = wg 7
TR 17
(o} D
500 - ,
. -+ ERAS4. 200 - -+ ERASZ
400 - R4 ” - WA
3 150 — -
2 300 2 [
= E
2 Gl = 100
C 200 - 5
2 t
Q -
100 = o =0
o T T T T T T T T T o T T T T T T T T T
5 Rl S SR S SR ’f § o P
%’%\\ &O\ ém )é/b & \(-(J XSO@ fé(;\ )ﬁ‘?/ (o < /@ @ @ «» &8 %@
5 8] R )
E F
300 - - ERASH 44 - - ERASH]
- Wl 1o . ; T e wms
2500 4 - - ok
,9, 2 40
B "
o B 38
2 100 g
36 =
0 T T T T T T T T T 34 T T T T T T T T T
§ & i 5 o
B %ﬁ xf <”® & 4‘50 & é*
i) |
G
T - ERASHL
- AL
.~ 80
2
g
= 70
2 T
s 60 -
50 T T T T T T T T T

SIS
[510)
VE: TBIL: BJHZER; ALT: BNHEE; AST: BHEER:; GGT: p-NEBLHEAN; ALP: TR IREY;
ALB: H#&EMA: Cr: MALEF. "P<0.05; “P<0.01; **P<0.001.

Figure 1. Comparison of liver and kidney function recovery

B 1. FFSThRER E4RIRELER
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4. ¥Wig

ERAS FEEiEE — RANVEIELE 2SR BRI T s i, 72370 B RS 2 AN U8 D e SL fe g
RAFHAEBEIS ] BRARIE AR R AR e, IR B A 1], SR, EMFRRIX —F ARG K. AEBIEL
B BARMEEE K208, ENMAEERSG—. MER ERAS HE. Wik, AR5 ERT
ERAS %1% 5% G /2 xt P iR RS MR 5 BESE 48 R e, LIRS 224 L A AU P i ERAS 75
ESiT =R

AT REY, SEZAEGEARPEENEFMLIL, S0l ERAS 77 ZIF M2 H R B R
FRANAEAERR T AR IR R AR LRI BENS . FN, 768 BIhaeEnE. EkTF
PRIG ShI 8] % ICU 42 S4B [ 25 vk 4847 /7 THi, ERAS 200 2RO A M ScE . Bal, CATSWR
WESE[13]-[15], FERVIRTFAR. BETFARIIRE FREBTH KT A S, BEARSNHA ERAS w85 (5B
BFIE] S FRARIFAORE R AR, A RO EHE B Ik 8 X SRR3R, I B INN B2 At T 5%
. A FE RIS E bR 06T ERAS TR H T AR A S 1) 2 B0 78 45 R SR AR AT . ek, Bkl
Z (G PRAF STAE SE[16]-[ 18], 4 hnidt BE 52 AR A& B - R A [ 7 R A8 B v 2 e 4 HLAT 30T, e g i
FUCEBREHEMIARBWE, FFRAIRIRE /. FR, —IRFEFN[1911K M, ERAS FL&7E % HE S A
BRIATYE . A FEI0 N % B 70 N AR AE N HE A R R P B A 7 38 RO R AR AR

ERERRE, A7 ERAS HEZEMARFIEERAERRZEMTHERAE. REEZRI N
Ref aPE R 5 R iieaG, W LT AR, HARATTREK ICU (FREE . FAKIIAIE. 1
INFET RS e By 7 148 [20], Bk, SHEERATA BT IO R G R 2 oCE . 2022 FE R EE
O ARTR 6], 1ER R ARG T ERAS 7EIH/D B35 TR N U N S AR 25 L &5 7 THi 1)
R, H RGNS T BRI QI IR R EE T A B IE . AR, AT R AL B E)
[N, ERAS 4IHiFEENBERME TR, &R0 LR, B4R 0. B HADS E£X ERAS
HEF AT SO . RATFR MBS EFRIM, JFAERAREEERMAOHE S, MRS
HREEAG 0, IIMEMREERS . JIARG AR AP THRERIAS R, BRACAR GBI R 4% . Rogers Z5[21]11)
Wt — B3R, B A OEIRES @ R MR T IR A TR e ML AR G R, SO T A
BT

AHFFEH ERAS 77 R R I SEH, AR T Ho@ i 2 48 T 70E 808 F AR RO B 28 E L] . 51
w, ZJ7 EEE A S FIAA) T IS s B E S S i, A SR S R A, R R
SHEER ], SRR . RIURE L Db, I E IR AR R . X — R R
RIFEFAREAKEIEH . B R YRR E ARG EFARNMOL R R [22], MR, &8
VB R LR RE . TEARRFFH, AT ABE A AR [23], ARG Rk B E MR, RAZO
WA HICE 77 3R, B HAERIRAIEHIZE 30~35keal/kg, & AFIRALERFE 1.2~1.5 g/kg, FHFKH
(NRS2002 &7 RELTHEVErR) HHT RGE 7R VPG, —BEE >3 7, HIWNAFIEE 72 KK,
FEAL B R TR T IR . 25 RPN, ERAS A EE IS RN K AEHRN 9.61%, BEMTH ML 32.50%
(P < 0.05). fLEERN[24]5 AL ERAS i@ (2 it B i hae B AE, B8 0GE 17 S i Dhae
SRR, WA GRS BATRAEREH .

Ak, ERAS AJ I 2 G4 it i 3 PRAROR J5 IR R K AR 36 [19] [25], ARprEd i B FH EHRRES
S REIR SRR HR G, IR R AR A A S TR, AT R A X TR I 2, PR S E A
R s RO S5 5 ORE IV o 5340, A HR SR PR i P v A B SRS ARV E AR, A Bh T4 RF N A5
FeE R, TR AR S 0 DI Re AN A KRR A HERRE I R AR s AR S S 4R SR ] 4
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FEHURMGE U 8], A 1 PP IRBTLAE S 28 e oAt S A8 A S I i R A R T S e 2t 1 P D e 2 I
B T2 40 B R B B s B, e S R B IR SRS 18 I DI RE 28 AL S IR R . X Le IR L R
Fs TR T BEARAR A RORE A R A R A2

SRMIABE FAAE LT RIRME. B, M —BUR L RIBET T, HAEARAIR, WRs TR
HMETESZ R o Hik, ANRIBETT D AEFAREIR . B AR E B LB SRk B e, ) e 3 B
RZES . fJE, AWTNER T TR AR I 5 T A e 8, RN AL ARSI 84, [
SRR T T I AR, M DT SUARE .

LR EFIR, AW RER, EAE R AN ERAS #4125 AR5 ICU 15 B I 18] & AE B 6]
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