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Abstract

Objective: To review the definitions, influencing factors and prediction methods of prolonged
length of stay (pLOS) after laparoscopic cholecystectomy (LC), so as to inform day-surgery selection,
bed management and perioperative decision-making. Methods: This was a narrative review. Pub-
Med, MEDLINE and related English-language databases were searched up to 2026, and online ahead-
of-print articles were included. The search covered pLOS, delayed discharge, postanesthesia care unit
(PACU) length of stay, day-case failure, difficult LC scores, enhanced recovery after surgery (ERAS)
pathways, artificial intelligence and machine learning (Al/ML) prediction models, and reporting
standards for prediction models. Studies were grouped and interpreted according to the clinical
endpoint each study addressed, rather than by year of publication, so that direct pLOS evidence
could be separated from adjacent or indirect evidence. For prediction studies, particular attention
was paid to endpoint definition, clinical interpretability of the variables, potential for preoperative
use, and whether external validation had been performed. Results: Studies of postoperative stay after
LC use heterogeneous endpoints that carry different clinical meanings and should not be pooled.
PACU length of stay mainly reflects anesthesia recovery and recovery-room resource use; day-case
failure is more closely related to preoperative selection, scheduling and postoperative observation;
delayed discharge beyond 24 hours usually reflects early recovery problems such as pain, vomiting,
drainage or complication monitoring; and pLOS defined as a hospital stay of at least three days is
more suitable for risk stratification after elective LC. A preoperative risk score derived in a large
elective LC cohort, using a length of stay of at least three days as the endpoint, achieved good discrim-
ination. pLOS is seldom caused by a single factor. Patient baseline status, age, American Society of An-
esthesiologists (ASA) class, comorbidity burden, acute inflammation, biliary disease severity, oper-
ative difficulty, intraoperative events, postoperative symptoms and discharge criteria all contribute
at different points along the perioperative pathway. Preoperative variables are useful for commu-
nication, day-surgery eligibility and bed planning; operative variables help explain why recovery
becomes more complex; and postoperative symptoms or drainage often become the immediate rea-
sons for delayed discharge. Difficult LC scores help explain the operative background of delayed dis-
charge, but should not replace pLOS prediction models, because their original endpoint is operative
difficulty rather than hospital stay. ERAS pathways shorten length of stay and improve recovery out-
comes, including pain, postoperative nausea and vomiting, and gastrointestinal recovery; this ben-
efit reflects the cumulative effect of several coordinated perioperative measures rather than any
single component, and its magnitude still depends on local pathway maturity and discharge criteria.
Conventional risk scores and regression-based models remain useful because their variables are
transparent and clinically interpretable. AI/ML methods have been applied to LC mainly for safety
assessment, anatomical recognition and workflow identification, whereas robust evidence for di-
rect pLOS prediction is still limited. Conclusion: pLOS after LC lacks a unified definition, and its
threshold should be calibrated to local discharge standards rather than extrapolated directly from
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a single cohort, especially where routine postoperative stay is longer. Future studies should stand-
ardize endpoint definitions, separate direct pLOS evidence from adjacent endpoints, carry out ex-
ternal validation across different health-care systems and discharge settings, and report models
according to the TRIPOD + Al statement. A prediction tool should be judged not only by discrimina-
tion metrics such as the area under the curve, but also by whether it improves day-surgery selec-
tion, perioperative resource allocation, the intensity of ERAS management and post-discharge fol-
low-up.
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1. 5|8

& i 2 HE 2E V) B R (laparoscopic cholecystectomy, LC) 2L A ¥R T HH2E K705 1w AR SR, 78 i@ 4k
BFERER HAEORAI[1]. B HEFARMIERES MRS, KRG IIAHE, oA R 21K
SR, WG RBIRA Y. BARMGEMEE Y %, 248 LC BEARBWENAR, BETE 557
S DRIAR S IR I L 9L RRE W 52 B L e A 5 I DR G KA B o BRI AT AL, AR5 A3 B B[] SiE K (prolonged
length of stay, pLOS)F A HLARF R EIG N, 12 B FHILAPRES . AR . ARJFWE A B B A2 3L [ 1E A
SIESE N

SR, AT RIS ()X — 25 R AMG I RIAE BB T I AL G 2, ERBEEIT IR R B AE AR AL
B mAE . fEBA LC #E 5T, RIS Pk & % (postanesthesia care unit, PACU)f5 54 i 1] 22 FH - S Bt Jjk
PR AN 73 2 B8 T[] RJG > 24 h (38 H e SN AT 1] 1) 37 AR B A3 e e o 1 B BT 0 52 1) 8t [ 2]
DMEREH >3 d € X pLOS NI BRI F30 LC Ja BB K X 73 2 (3] X2 A M, — B AN
XG5, Ja 20 T Pe] 25 IR BUANE 1 ) Tk 25 2 TR N — 1K .

BT B R, ASCHSE LC J5 pLOS JEIFRUATESR A . SeliH# HZLL pLOS W& s FLIE
i, R PACU 15/ HIEJFARRICA > 24 h 1818 H B S5 AHAR 2 U Pe UM RE s Bl i MBS B ARIR S
PRI P . T ARHME FE AN AR A A A 3 e B XU B 2%, Itk — 25 15H R N id B &2 41 F} enhanced re-
covery after surgery, ERAS)E#A% . [ B BURISE A4 H ;UT00F I R S FH i 2 3

2. 5%

ASCRHIBOENES7A TTi%. UL LC Ji pLOS NEEZL, 4% PubMed/MEDLINE %55 S04 7 rh 5 4EIR
HBE . PACU 158 . HIa T AR LM HAE LC $£4 . ERAS #8428, N T2 BE/HL #5824 ] (artificial intelligence/ma-
chine learning, AI/ML) USRS K TR A 7Y+ 15 AU AH SC R SCHR, Ao 2 I TR 2026 4F, FHFAAAELAR
56 % 3K (online ahead of print) Sk » 162 17l f1 3% laparoscopic cholecystectomy length of stay. prolonged length
of stay. delayed discharge. enhanced recovery. machine learning %5 % HA41 & .

TRIERT RSB S FR I IR 0 B B AR O HoAT 3R A4 SS9 BERMENAS LLR R A N 28,
T A2 S A BT 4 i 9 R FH R 26 i S FLIE PN, FRRRIESE 70 W ELHE pLOS Tl . AHABHI B 2% s T ARMESE/
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PN Z . ERAS BB AIBIRR & VI SE R IR T A SORAE R G, AT € S b R PP
s XPUEYE IR AR, FEMRIEIT BT 2008 L REACRHE A A B0 AE 15 DA R 1 T

3. 58
3.1. BRREX5iEEAR

3.1.1.pLOS FRH—#& 5

Pt LC ARJSERERS T, /e Z MR “ 4”7 Ri—22 5. PACU 15 B ff [l BRIV VK 52
HOHREGREH, HRFARRMBARTTRL . FARAFREMAE NG 2T R UCR Rt RfE >24
h IR e 2 5. IRk, 5lRE B REMESA O Bt H >3 d 1 pLOS W BEFE /R4 LC 5[
RIS FEE TR A UKL A E CEE, (HAREAH B R

E—TN 2166 HIFHH LC BEMB T, WH#H ARG H > 3 d @ X pLOS, FFEILARHTR
BavP oy VP 7EAE S AN IGAIE A B A 1) 52 5038 TAERFE i 28 R T #7 (area under the curve, AUC)% 41K
0.81 1 0.80 [3]. SARJGA HILFEIREGRMFEF AR, X FARFTAY B T RER - T 5 A8
H 18] A AR AL T

FHAN 2 SO0 S0 AR FH 2 B2 b 70 U B A Bt 2 K R AR FER N A 1T o PACU 45 B I ) SiE AR 2R 3 5 52 75
FEURECE1], HIRFAR RIS N\ B RS AR A B B R AT ik (4], 2 PEIHSE 2 A+ ) pLOS N6
B L R 2SS MR R 5] IX S TESE AT CARERE pLOS HISRIE, (HANIE B H B2 4 1E pLOS Tl
DB

3.1.2. NESARENER T E

IERGnE, ARSI B, AR R A IR, HE pLOS B TaIZ «Hpl 3 5 my
BEAERRAEK” + PACU 28, HIEFREMA > 24 h EEHFRHTFH T EE “ B2 R AEEH AFF
57 . ERAS A BE R ARHT 70 ] T2 WP L/ 3R A e ] B AR X — 1 A2 7 o X4y J2 R B G A 7R A
N T WN £ 1][17)7 e b el L L R R A

AT pLOS MiTE48— FHE . ASCRAM 3 d FHER B SEE I LC BAFI[3], i B AT 305 AR
WA RCER B pLOS & 2 —, HNMEBESHMME . (HEFE LR KBTS T, 3d nlfgd
AREBEIER) “@EK” o ik, pLOS BIH N 1%45 G At H Bebsite . B ARECHR AR & 87 20, A
REATLIRA M o

3.2. AR NzimRE2EnEYS

3.2.1. BEEMRKSSARETMEEIRA

EWY . SEIE BRIFEEE T P02 (American Society of Anesthesiologists, ASA)4; 2 Al & FHIE f1 48 J& T A X £
JE RTINS 5. B pLOS WA 2 WURFT B E KL, AT AE T ARG EE 43 KU AHE[3]
DeDiLaCo W ft 275, ASA MZKAI Charlson & HAEFREUTT = S ARG >24 h (BB HBEAHIE[2]. XA
BRI R B SCAMYAE T HIBTRE S AR, TEAE THEAT e SRR L RO Z2HERD H BEva s il 15 22

RERE SR i K 2 8] AR B 2R e R 1112 LC AR RIABEIE RSN, FBAERE B XG4
FEREIN, (B4 FE 2(body mass index, BMI) 40~50 kg/m? J A 387~ XU B 38 n[6]. Ak, BMI HiE & 1E
R Z I A, AN E BB AERERE R . FARFRAEAN H 18] TR 97 e s v B0 A

322. BREEE. FAEESERTE
PP P R A S R AR AT AT N TR L ZE KR T B BT R T S S 1) KR A e I T
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SUERHFER . MHFERENG T | H SR G500 SR RS 2 JE K 2R DeDiLaCo W7o, MHAE S5
T SRR EIEAE SRS > 24 h B B K2 X 5WME LC 12528 500 5 SO BLEHE, H=
& (Bl (1) AR ] o

HRARERER TR, FARMEELA R ST ARG IKE[7]. WAE LC PF IAMESE TR “ N
HAFAREFERREER ", WAL SR T ARRT 72 R AR B4 T8 [8]. Nassar PE> 51K R oy E A
TSR T BRARIHELR[O] SR, IXVPIHIJR UG 28 mR RAE AL, T AREREI () AT pLOS
WS, RRE ALy AR 2R, AN & BTl LA

TR JIEFE R AH A B )36 52 3 S0 TRAR A R IR AL ST N Fema . R LC #hiR, fERtizE
R FARIHPUA G IEAREE EMREL RZR[10]; SRS ERRSE R TR B, AR R BRI HT
Bt S R RBOR RIS R R [ 1] Bk, TR R A “BEBREE” B “IEIR 24" )
Oy, MRS ARFIAER R SASAMEHIR ST R AR AT e 0 1R IE S D) B SR — R B R
F1 RS HER TR ELB SRR, 5 45 B E XS PRI HL[12]; LT 22 SRR 55 18 AR s b m] e
S AT e ) IH 2 D) R K B A S R 131

3.2.3. R, RGEHSHEEER

ARG SR pLOS AR A MLl AR FARREIER . 516, AR Wik RIE A
RS IF AR AL A&, A A — B 2 I RE P A AR 2]. KIBRRLE R, BERAREdRES
BAEER . SUEIHEYESR . TR LA s -85 2 7 R AR 7].

SIS TR E UL R B A G AR . EREE R NS AUG HH4T LC SRR ZE R ARE . T
B S E R S KA G e HARSS, VLEC 5 5 AR B (8] A SZ T R 3R [ 14] . IX— S5 RIFA R
WRE “PTAT LC BN R SR, EAE B, ERE SR SR R T, 910 B B e
AL EEI (8] (1) — #8273« FOCREIEIERZ[15]s I8 5 il FLACR [ 1 6] S BORSE It B ) el SR L BRI 45 5
(EAHSCAIT 7T 32 S B I FR A B 22 S BB, AT LS Dy pLOS TiilAZ & .

3.3. ERAS 5 FAEH KR

ERAS Xf LC ARJFAEBEIS [AIRIEEM, BIE &M “BEAE” AN “ RUTE it REAR . (B 18] #0456
HHREARA . RPFARSEZADITEIYE, AR 1RO 5 5 B AR PP 45—
R, SRR RE G PATREM AR AR 1L .

3.3.1. ERAS FyEE (R ERZIEHE

MEEIRES R, ERAS 4% LC AJG(EBEI RIFRER N —5 . RGN En, ERAS BEAE AT 45
BErTa], FFelE &0 « AR5 % O (postoperative nausea and vomiting, PONV) A E 7 Bh AE K &= Z 45 R 1715
R IRF N R, ERAS HaFL A B 6], & FF 508 R W\ Be BRI RRE R A 2R I Gt i 2 72 7 18]
AR A ] Re A Z M E B I R R [19], fERVENRSE R FEE R ABF D, 2R ERAS 77 Z M B/R
— B LA R AT [20]. B A% O BN LOS S AR S FE b 152 e AR S R 2 L5 1.

3.3.2. BUERARIESERLR

P ERAS FEMIIIIE, 7 B B kAR R DORRT DUIRBR KA S 401, HaT s A 2y
AR EIESZ, AERHE BTN E] B 5200 I AR E [21]. XU BRI AR S R HBCR T 22

PAT SEBEAEAN BEARAERZ s 50K ANV, B 50 il BURAS AR
ERAS (R[] VEF PR T A A il . BEURA IRILIX BOWT Se 387 ERAS BAT —E w471k, H
PIA R ST TN E[ 225 oK B P HEIE B ROA 5 I R S5 Rk Tt — 22 3], ERAS JFAEREH T
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Table 1. Effects of core ERAS components on recovery outcomes (Including LOS) after LC and the strength of supporting

evidence

% 1. ERAS LB REX LC RFREIEFR(ETE LOS)HIF M K IEHE X i2E

BOERBE  LC HEEEER #LOS MW BRI SRR
P Ve HE A=
o n prag ST MM M Bkt ot S PONT L s
Zﬁ%ﬁiﬁ%\% SHT17]: e WA, [17] & HF WMD QE%I’QGA%;JE*E%QE%H* B, (H 75 & R
- 1489 {7l Meta 47 HT[18]  H-1.23d g - H BE AR AE AT AE 25 5
RUHH GG 5 RFLEHR) oo o TREIR, FORRMS 8755 DRBA
SRS TURIE (201 CURBOK 3 1900 g0 FARHL A PONV RIS $TUEREE, {1
K RCT f¥] Meta 73#7[21] o BT NGE LOS 3R & A 8
L5 AN T 42 ) g R = o 25 L 24
s e wipgyie TR T (o NP E
R o et N BT RS T It
ZEF[17]-[20] TE IEEA 2
PONV MDY HEfhHE Mot srbi e L IENUY TN wsfhe wpONY Rk st PONV i
fli 5 Z BT R ERAS(mERAS)IRE L &gﬁﬁ*ﬁﬁ T, RIUMSIAN AR HRECE R, LOS Ik
57 FE[17] [18] [20] & B S RESIEIE:R

U /b H 51 A
HiREAHE

g RSH
LR

TR SRR
mERAS & & 75 %[20]

ARGV 2 mERAS 5 &
A EZEER[19] [20]

filitt

4 mERAS 4
ffz pLOS iy 24
(21~45.5) h, X1
21 45 (41~68) h
[20]; ANREIHEATF
MR
S 5 B iRk
i, BRLI4E R
FE AN 2

RET7 % T 5P LA
SRR, I ST AN
R &

TE AR ER A2 T DI RER
HE5 W& 2R, I
WL RNE AR T 5

AW BELRE L
FRETTR,
AR

AR: EEkEZ
LRBAE

Ve R SCRFRE RN AR AT FE v A S R — SV e MEAIT,  JFIRIESN GRADE P, BLA BT L PROH 3
B ERAS J5 5, PRIASBERE A e I 1) 246 e UA DR - 5 — PR O0URS e

IR, EAFEMX RN TBCE < TR BT AR AEAT) 22 SR 2R B (23], X — i 5 pLOS B
{H 75 ZEASHAE (1 FI W2 — B

3.4. TERARB R IEPR N SR EME

3.4.1. RGN EET TRERM
G P73 Al logistic 8] AR I AN I I X T+ pLOS 3X 28 75 R FI A AR A2 7 FL A 45 ), A g W
TIFERE AT REA S 2 IR LS - LA LC J5 pLOS A H A sl AR V70 eI A SCE 3]
HARAMET I “Aest” , MAETIRAEANFEIT R ERAS AT KT HIH Be bR T 3252 SMBISAE -
AL R AT AR MR A AE B3RS, (EANRERAUE L pLOS Filill. PACU 7Y fiR 55 Rk = 75
BURVPAG[1], HIRIFAR KRR RS T ImiEmfe[4], SPEHTER pLOS BRI 2 R A &  2iLi2

T AR AT (5]

3.4.2. AUML R &1 5iEERE]
P AUML WFFE, NSRRI SR BB IETR ) pLOS, FRHIMIEE RSk 2s . HAT LC H
AVML FEA T 224 B IR AT FARRFE NG, EFET pLOS LA R[24]. ik, H
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T ANREZE B R BEVE N TS, AREB A LC ABFR IS IRUE . BhAl, TSRk, HAE LC
[ R 5 AIE 2 NGB AE TRIPOD + AL 254 45 Y5 [25] .

oAt AN RIS T 46 B AL 3 25 >3 TR Be i (B FAR 5 XU . Han Z5[26]7E 1298 il 4= 645 B 4 i
FP LR T 2R, LA BENLARMON (R B I ] 2 K (=8 ) T AUC 4 0.766, $#-sHLd 21T T4k
P2 4 R SASE . MySurgeryRisk #F 78278 H HLF00 7 B 2 AR O S5 5, Il I 78 3l S 45 e IR
BEA, R T AR N IR ARR AR R AT 470 . (2 EIRBF X AL RS LC RJG pLOS AN, i
BN FRALE LC B b B F R FIIGAIE

XFF LC ARJG pLOS T, FIARHEAE R s PR A . BEAR BN, ABBEEU/DE, RIS R logistic
EIH5E 2 TR FEAEROR. BERRBE RN, v 2BV ST . BB B A
1B ERE L ER AT ASA 02 NHZES T E . FARMEE . BIARYIALHL & ERAS PUTHEMN, FHRIE
FAREAE TN AR . RATERFEA I S AR BT ARG R, A IR 2] . Ay
LA R (B AN [ 2 e PR AR g A T30 E, 3k R AUC T 2R HERN S bR B FH A E[25] [28]

TEWGR L A, AT eSS B AT AR K IO AE , P HEAT /NG B R FE VP SERR AR . Ty v R 1) i
HATEEATHIRAL, FFINGREUH . PONV TRBHFIH Be e bl vy o A2 25 5 1 B Tl B IR PR P ok, B
W ATS . Il PRI A AR H o AL I i R i 7] 22 i TRIPOD + Al A B[25].

3.5. PAIERSTMGENGEEER
BUA LSS S T AR LU R 20 123844 “ ELARTN . AHARZ . [RIEXRG  o] T I AR AN 955
FRTE” BEAT R, T DX AN [RIRIE 5 BT 2 R A i AU A B 5«

Table 2. Comparison of evidence and prediction methods related to pLOS After LC
2 2. LC RJF pLOS HXIER S M5 AR

EETERE  REFIR R EENE FERR
. . it EReH > - - ) E & !
L3 pLOS Tl Lucocq F4[3] ﬁﬁ&%ﬁﬁ&5> Yo R, AR ijﬁ%j%ﬁﬁﬁ
JERIEE pepitaco gt AU saehmimb S Mmpezary 5P T ERH
N > pLOS
. . EREK I TFRRE HHTFAMNGENTR BIHE S8 T AR
FARMLNI  Nassar ¥A9) o an T AR B )
o o e 6 3 KA ERAS 77 % 52
HAAL 1% =N i o
BIARMEFEIZ  ERAS Meta 2 H7[17] WA BAW itk [
i X LC & vPEAEE A58 pLOS FRIAER  pLOS ELEEIEAISL
NETp LRI AN
AUML 7755 ALRGH24] L p ) BT V27 HIER

4. g

LGARE, MATERESOFR R REA R R, TRA AR L. &SRR N A% —.
pLOS. PACU 8. HIAFARKIH >24 h FEIR H B3 B e 7 — 153 Fiie, SRR I0 A A
T LU B LA . S5O, 22 oM {45 B 7E P B TRIE Bk X 43 B SR NBN B, WBE BRI IR R BS
B ARAE R HE R, DA B S TR P I B0, SR RS

JESEWFTORKE RIS A a7 BT EARSHE . B AR PRE SO I pLOS BRI % A H
HBERRE, 7R RIS ST R B AT A SR AT TR, IR R AR AN AUC 37 R B PRz AT o, 491 2
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o H I FAREE . RO ZHE. ERAS & HL58 BE 8l B J5 Bl U7 70 225

AIML W H /G 2k G “ S AR RA R MR SRR AmiE . SR s
ALY HE AR 5 AN T8 73, BT RE R B A OR BEA IR (R f77[25] . % T pLOS XK w32 =
JrR RIS, TN T H BB N (R 422 2 P A 96— 1 AR SO LR B SR, AR A1

FRNTE PR AE R P3O . R [RIINh 2 X A, pLOS FlA # IE AA

5. it

=

BT BRESE, ASCHEH LC RS pLOS FHE FEHERA R il L, BRI 3, SHARRWE Tt Mgl

Rkt =%,

Table 3. Recommended reporting checklist for studies predicting pLOS after LC
& 3. LC RJ5 pLOS UM R HEFREF R

WmEBHE

1. WtAR =
H5AB

2. pLOS 4 5
TE

3. B
EAREHER

4. BbIEL;
R

5. PR E
%5 F AR

6. FARMERE
1k

7.ERAS &
5 M

8. Hf.
KA GHEAR

9. HRAEIIF K
5

10. AMEBESIE
5%

11. 5 EH
SRS

R A
BRI . HIRAEERL/ R B LeE o, ik

#EL BT AL ERAS 7KF.

X434 LOS 5AJE LOS; M LN a] . F/Nmk/ B B H AT Be it sk
T8 AHREGARGER >3 d) R HARTE, FETRBEEE A st
T AMEFE PACUSE .. HIEFARKMEL > 24 h $EiR H TR

& FRAEAG HH BE &R PONV. HEE ., 153 HEIR K R SE M EZ)
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