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Figure 1 (Color online) Schematic illustration of endoscopic submucosal dissection (ESD). (a) Marking; (b) pre-cut; (c) injection; (d) mucosal
incision; (e) additional injection; (f) submucosal dissection. Reproduced from Ref. [17]

Ex Vivo Liver Resection and Autotransplantation for Malignant Tumor

1.Liver malignant tumor invades the inferior vena cava

2.In vivo total liver resection
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3b.Inferior vena cava replaced !y artificial blood vessel and portal vein bypass 4.Left liver autotransplantation

Figure 2 (Color online) Schematic illustration of ex-vivo liver resection and autotransplantation (ELAR). Reproduced from Ref. [22]

A AR ATT T DIRE, RiEMSGE T — 3 i S
HrEwE . Hhmsed | i HEZ AR SRR
AiVIBE AR (low anterior resection, LAR), ElDixonA
(E13(b)), PRE TR THE LML ATAE 1 SE B L5 A FIHE(E
HEE 2 A, A AT IS AT W) A R (Parks
AR)ZVRI BT A 25 4t U5 AR (Bacon A2, iy
T L B st o e i LA 56 AR A7 SRR ARAS M 5 R 191
2, Bl FARMEE W2 ;i K Bacon R 772

el 5 AT S i A S P IR LT 1 b 2 4
45k, RGN ANIIREAELR =, #EEIREE, W
AN S B 40 . WA B T2,
Parks R J5 45 5 P BEEEAFAEIREBIIL, 1 LW HE(E
DREFEH KA, IF Hoh TR & H e A AR A5, 8
AT IS s TR IR LRI A (inter-
sphincteric resection, ISR)&—FPTESELINLEIHEFTYIR
FARTT, 3T AR M. TER BT 1452

3



(a)

APR (MilesR)

(b)

LAR (DixonA)

B3 (R RR ) PIR S I VIR AR L (a) I IIBE G VIBRATR IR (b) MRAIRTUIBR AR &L &7l Biorenderffil /&
Figure 3 (Color online) Schematic illustration of two types of colectomy. (a) APR; (b) LAR. Created by BioRender
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Figure 5 (Color online) Schematic illustration of associating liver partition and portal vein ligation for staged hepatectomy (ALPPS). Created by

BioRender
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Figure 6 (Color online) Schematic illustration of pancreatic surgery. (a) Schematic illustration of pylorus-preserving pancreatoduodenectomy (PPPD),
Reproduced from Ref. [78]. (b) Schematic illustration of central pancreatectomy (CP), created by BioRender. (¢) Schematic illustration of distal
pancreatectomy with en bloc celiac axis resection (DP-CAR), Reproduced from Ref. [79]. (d) Schematic diagram of total pancreatectomy and islet

autotransplantation (TPIAT), created by BioRender

“FhrguiE”, BPIEET4I(endodermal stem cells,
EnSCs), IS T A RSN i, Z 3 AR R
SEPLT LA SRE R B R R R DI Re T, B
R BRI SV DR HIR B 2R B, AR
Bty AR TR a7,

3.3 /MR TR Y

/NGRS [ 196 74F H Lilleheis A B0 TR I R
TE LI, DRI = B A 04 G2 400 1l 300 AN AR ) - AR X
—HEARREM B RAFAIAITRCR. 2040 704E R LU, Bl
PPN 0 & RN AR B, N R A
KAWL, BAEIAAFIG IR E R, /NS R A R

G AR 8. WL Rz B2 B B s 5 — = e 2
T REABIBGEIAGE, R AR NEBEER
(autointestinal transplantation) {67 T 1045 2 K %
ZNE F sk (superior mesenteric artery, SMA)fJaiiHg:
WAl R e i . A BAE S 3 R YIRS /)
W AR TR, 3FETCE KA AR iK68%, kLS
FIK80%. X —FARMUIE = T I IR BN, i
EER T RFEAW, R TIEE 2 ME T AR
ARV 1S, eah, A TR AR A B i BhiGT 7
SER T 361 R i I g iR 45 it (advanced  pancrea-
tic ductal adenocarcinoma, PDAC)ARIG I, 2k
P T LAAEPDAC 2 X SMATTAN ] YIBR A HER, AR

7



N I

IR 1K94.4%, RIGTHE K EAFWIPREN13.6T A,
SRAAEI O BO 2140 H L /NG FARAE B &4 5
TPDACYIBRIIMIIRYE, /R TR st Bt i
(1) 2 4 PE NI PR 25 40152,

3.4 SHBHEC T AR

Wt 25 H i AR R G AR R a3, 1o
R AT T SR A 5 Ana v). e JL ARk 7
HRRILTARIGE] T RIHTIE L JE. 20084 WilliamsaF:
IR A 22 i 25 BB AR ELI VT A (anterior  peri-
neal planE for ultra-low anterior resection, APPEAR)ifi
i 2R AR SRS, A YIRR, HAOMERE T
O B TSR NUE A 1 0 2 BRI 1 ThRe. 1444 84
o, WOAIE T RAFRIATTITNRE, AR5 Wexner e 250157 fih
A AMI BB LS L FEI0~8, n=6), TtEtEaiinR B
BN GERI0~6, n=3), AJ5SF-364: 1% i T4
e K, PEIIRERERG & A %21.4%((3/14); [EfSE
TR, 2B B R & A AR Rk 50% ™Y, JFsk
BT IESE T APPEARAR S A R B TMEFRLEVA
ST AR B e 7 A R E RN A5k, (BE R TFAR
(1 52 2 1 A 8 22 PRI 15.4%~60% 114 23 B %5 11 9 %
JES, I RIEREZ IR,

TEAPPEARAR ALY |, 20104F Atallah%s A1)
$&H 20T 15348 F K (transanal minimally invasive sur-
gery, TAMIS), il BfLiM 1B SCEUAPRASHEDIRR. BEfS
McLemore: A\ BV 2 11T 55 W /MR R (trans-
anal endoscopic microsurgery, TEM)-& #6475 77 H T 1fij
BRI R 2R AT 4 B A R BEYIBR AR (trans-
anal total mesorectal excision, taTME). {Ef51EE 2,
LS BE B e 2% 510 22 o0 BEALG B 5 (rando-
mized controlled trial, RCT)AY#IIALE R W ox, taTMEAH
BRI B4 H W R IR R (laparoscopic-assisted to-
tal mesorectal excision, laTME)A] LAV /DF AR 0 EsR,
PRUEERMARERE, FEAEERHFR. BRiEE
FATAE () %) 32 P BA 3 — 238 5 TaLaR-01 2 it
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Figure 7 (Color online) Schematic illustration of laparoscopic ileocecal-sparing right hemicolectomy (LISH) and traditional right hemicolectomy
(TRH), Reproduced from Ref. [100]. (a, b) Schematics of the LISH procedure. The 201p, 201d, 202, and 203 lymph nodes were marked;
(c, d) intraoperative images of anastomosis and disconnected vessels during the LISH procedure; (e, f) specimens removed during LISH;
(g, h) schematic of the TRH procedure; (i, j) intraoperative images of anastomosis and disconnected vessels during the TRH procedure; (k, 1) specimens
removed during the TRH procedure. SMV, superior mesenteric vein; ICA, ileocolic artery; ICV, ileocolic vein; MCA, middle colic artery; MCV, middle

colic vein; RCA, right colic artery; SRCV, superior right colic vein
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This review focuses on the field of digestive surgery and systematically explores surgical innovations driven by the concept
of organ function preservation and their clinical practice, aiming to improve patients’ postoperative quality of life by
preserving organ structure and function.

Through a comprehensive review of literature and clinical cases, the study traces the conceptual evolution of digestive
surgery from “lesion excision” to “functional reconstruction”: early surgical approaches prioritized radical tumor removal,
often resulting in irreversible organ dysfunction (e.g., pylorus loss in Billroth I gastrectomy for gastric cancer, anal
sphincter loss in the Miles procedure for rectal cancer); by the early 2000s, advancements in minimally invasive
technologies (such as laparoscopy and robotic surgery) and precise diagnostic tools (including radiomics and three-
dimensional reconstruction) facilitated the formation of the organ function preservation concept, spurring the development
of innovative surgical methodologies.

In gastric surgery, pylorus-preserving gastrectomy (PPG) improves postoperative gastric motility and nutrient
assimilation while decreasing the prevalence of dumping syndrome via the preservation of the pyloric sphincter and vagal
nerve branches. Similarly, endoscopic submucosal dissection (ESD) enables minimally invasive functional preservation in
early-stage gastric cancer by selectively removing lesions while maintaining gastric integrity. For hepatobiliary-pancreatic
surgeries, ex-vivo liver resection and autotransplantation (ELRA) and ALPPS (associating liver partition and portal vein
ligation for staged hepatectomy) enhance treatment efficacy in complex hepatocellular carcinoma by enabling precise
hepatic segmentectomy and functional reconstruction. Additionally, pylorus-preserving pancreatoduodenectomy (PPPD)
and central pancreatectomy (CP) balance oncological radicality with the preservation of gastrointestinal continuity and
pancreatic endocrine/exocrine functions. In colorectal surgery, transanal total mesorectal excision (taTME) enhances anal
sphincter preservation in low rectal cancer via a “bottom-up” approach, safeguarding pelvic autonomic nerves to minimize
urogenital and sexual function impairments. Laparoscopic ileocecal-sparing right hemicolectomy (LISH) decreases
postoperative diarrhea and promotes faster convalescence by preserving the ileocecal valve, a critical anatomical structure
for intestinal transit.

While these innovations demonstrate efficacy in minimizing tissue trauma and optimizing functional retention,
significant challenges persist, including procedural complexity, limited adoption in primary care settings, and insufficient
long-term outcome data. Technical advancements such as single-incision laparoscopy and robot-assisted platforms
partially address these barriers but require further validation.

Theoretically, the review reinforces the centrality of organ function preservation in contemporary digestive surgery,
expanding the theoretical paradigm to integrate “radical resection” and “functional preservation” as dual treatment
objectives; clinically, multicenter RCTs (e.g., the TaLaR-01 trial) have provided robust evidence for the safety and long-
term outcomes of novel procedures, enabling clinicians to tailor surgical choices to individual patient needs.

Future research must prioritize three areas: assessing the long-term outcomes of innovative procedures through
standardized randomized controlled trials, investigating the biological mechanisms underlying organ function preservation
via basic science research, and designing interventions for irreversible organ dysfunction, with the aim of driving digestive
surgery toward a paradigm shift from “tumor removal” to “functional reconstruction” and achieving synergistic
improvements in oncological control and patient quality of life.

organ function preservation, minimally invasive surgery, quality of life, surgical innovation, robot-assisted surgery
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