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Abstract

Laparoscopic cholecystectomy (LC) is the gold standard for treating benign gallbladder diseases.
However, difficult laparoscopic cholecystectomy (DLC) significantly increases the risk of bile duct
injury, bleeding, and conversion to open surgery. Accurate preoperative prediction of LC difficulty
is crucial for enhancing surgical safety and reducing complications. This review, conducted follow-
ing PRISMA guidelines, systematically evaluates predictive models and factors associated with LC.
A comprehensive search of PubMed, Embase, Web of Science, and Cochrane Library was performed,
using keywords such as “Preoperative prediction”, “Laparoscopic cholecystectomy”, and “Difficult
laparoscopic cholecystectomy”. The literature search was limited to studies published from 2000
to present, including randomized controlled trials (RCTs), prospective, and retrospective cohort
studies. Current evidence shows that inflammatory markers (e.g., CRP, PCT), imaging parameters
(e.g., gallbladder wall thickness, stone impaction), and multifactorial models have significant clini-
cal utility. Additionally, artificial intelligence-driven models are emerging as promising tools. How-
ever, challenges remain, including insufficient validation samples and poor cross-center applicabil-
ity. Future personalized predictive models based on big data and Al are expected to improve pre-
operative assessment accuracy and optimize surgical decision-making.
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1. 5|8

fiEg iz % IHZE VI Bk R (Laparoscopic Cholecystectomy, LC)H 20 42 90 AR IR 12 N T IHEE B 4
PRETT, CRONIRTT SR EINEE R I ESARE[ 1] SR, AR g 5 2 5 2500 TR X I s R IH 22 D1 B
AR(Difficult Laparoscopic Cholecystectomy, DLC) ¥ & 3 IR F /. K H i 557 8 &RE KU [2] [3]. T
FERY, DLC KAEFMEIL 15%~33%, HHEFFIEFRL 1.7%~24%, HEAREWE LR BEI7 AT bn B H
FHIK[4]-[6]0 BRI, ARATRSAE TN T ARME L AT AR PRI RAE R R EE, £41 TGI8 /4 &
gt BAE TR )8 B AN E 23, (EAE MR BT TRIN LC HoARMERE i) TR, HASZ I Re JA R, JGHAE
PUNHE CVS 55 7 2 bailout AR 2K A AERIPE A AL o I, SRR REK TG18 15 A 2 E 8 FR (U CRP
NLR). HiFESHUIHZERE R, JRIE /N KA LR E, R BRI &0 R24t, DTt
RT3 BEBKT S FARZEMET]. TFER, KTHERES N HZEVIERAARF AT TG 2, K
SCHR CAEARFT B PEAG VR R GUEE S DL F R HE F00 55 5 T HOAS B 223 g (8] [9]. AL B AE RGiMELE
R HZ AU B TR, A BN N S AR, YA IR R S SRR, A R AR RS
I R S AR 5%

2. AANRESHERITUMGHE
16 LC ARG, 3 S AE DR 6 539 Ll B BT MEFE D, AR % 25 T SRR 4 3R
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Girp W E B NSy . BEERY], 5 IREL BB RAE L (OR=3.8,p<0.001), Rl R IR FARA
A& 3 A, HBE TR A ZE K KB IN 2.1 f5[10]; ZEIRF-REG72h) BERT TR 6], BEMEAHEE
FIRBRSFIRYT RICE, A& TGI8 7rdk > 11 ML TN PR 7 2R i 38 63% 5 AR BE IR 2D AR 1],
i A R R IR A E12], R IFIE AR 4 f5(13]. >3 /H RIESIREZESE(OR =
5.2). HFE - RO R (OR = 15.8) R E M [ 14] [15]. BbAh, WREAENTEE >5cem %, PHFERZFE KK
FIRTF 37% (OR =3.9, p=0.002) [16]. FERIGE(OR =2.3) 2 BMI > 30 kg/m? (OR = 12.3 )38 i {4 1L 8597 28 hn
Jill Calot = fA4F4EALIEIM[16]. ASA > I MR, HARFETIFRA M) I AAE XK T2 5 40%, H4 CRP >
100 mg/L I}, %38 5K I F R AR R RS S 2 3 I 171 BRABAR S0 S AARAE [ Fi 528, H AUC
3@ H N 0.71~0.81; #R1, 4BES CRP > 165 mg/L BUIHFEEEE >4 mm I, AUC {E A 5% 0.86~0.89
[9] [18]. FHIRTHIM AR EACKT L L2 1o RO L AIRAEAE AR BT T o B S ZAME, H TSR A
A — B G AR BRE,  EERFE L E R ZE . IR Bh B2 DL S R AR 45 & TR . A
(R, T SELAARNELE LC ARRT B ITAG o G486 A nT 8B A B o i & B G IX BIE RE S, e i
P AR F I A HERA Y, I BB AR A AR AN IR RAE I KA

Table 1. Predictive value of clinical history and physical findings
= 1. FRSEAER TS e

FLRIUSES BUKEE (%) R (%) AUC REE IR
RFE 5 PR AR 5L 82.1 76.5 0.79 Stanisic, 2020
A fih B2 IH 5 68.9 91.2 0.81 Agrawal, 2015
B PR 57.3 84.6 0.71 Bhandari, 2021
AEFEBMI > 30) 63.4 88.9 0.76 Goonawardena, 2015

A IF>2 WA R TS RE S A (kB R + AT IR AUC = 0.86).

3. RIEFRSY. RFRBTHREHEHR K ST ELm 7 5 bE BB TR (B

RIEFREN) FEIRTIREFE bR AR 8 M 5 LB FR AR £ TN DLC A A I XU o B AN o] B AR A
o CRMEAFENBEMRNEA, &K RGMIERE RBUETabr. #F7REH, CRP > 10.5 mg/L
JE ] LC H T I RS TR - (OR = 3.1, p<0.001), Fellf L8 165 mg/L X Hds KUK (0 BUR L 67%
[6]: 24 CRP>100mg/L i, F#EZR I 12%FF 4 29% [4]. T CRP RISHA MM, ART 48 /NP CRP
KFRFEETF R (ACRP >50%) I A R FN T AR [ ZE K (>150 4381, J AUC 4 0.78 [3]. AHTFLK Y, CRP/
H & H U ECARVETIN DLC N HEA B EMH . BAME, % CAR > 3.2 K, HXI DLC (&3 H
KifiE > 50 mL BCFARBE > 150 7080 BURERN 71.7%, FrRtEN 70.5%, RERT HMEH CRP
(AUC 0.75 vs. 0.64, p=0.002) [9]. B4l FEESRIEPCTENF —EER RIEIEY, EaEHTER S5
HHE T E 32 272 K. PCT > 1.5 ng/mL X 2 AHFE S DLC [ HIEBUEME N 91.3%, FiFtEA
76.8%, ROC i FHA(AUC)IEE] 0.927 (95%CI 0.882~0.973), kN TG18 7% R G4 AN FE[19]. 7
ST, A HRE RN FEE(SIRD) > 2.5 x 10°%/L 5 TG R EAH G (p = 0.031), HHEBMAMNME =T
FR R 4T A 5 96k B 40 B L AEL(NILR) [20]

ST R IB I REFR bR TN AE, BB REBE(ALP) > 125 U/L 4275 Calot = ff#HIMERE (cDS ¥4 >3)
"] OR = 2.8 (95%CI 1.6~4.9), Bt& DIC-CT RILATHEF AUC 2 0.83 [21]. FEHIFR p-BE B2
(GGT)> 60 U/L 561 525 A 5% (p = 0.024), HKPHF+m 10 U/L KEIEIN 12%. SJHZLE(TBIL) >
2.0 mg/dL AFEHIILST GG Z(OR = 2.3), #INZE CLOC K 1E4 5 # AUC M 0.65 $2F+E 0.86 [5].
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HEE 5

2 ALT > 40 TU/L + AST > 40 TU/L + ALP > 125 U/L [RIFFAZLERE, TR0 25 R IH 28 58 (NI 5 L) U ik
89% [22].

TE MRS S 505 H B LA A T B 5 T, B4 T 3(WBC) > 10 x 10°/L #%I\ Jy/2 DLC a7 T
MFF(OR=3.2). MELARHFERER JEIT, HReFVE IR T4 94% [23]0 H P RL4H AL/ ibk B2 40 i L (B (NLR) >
7.2 FETRIN A LC B AUC A 0.856 (95%CI 0.792~0.920), &4 T B i F (40 i+ 5(AUC 0.802)
[3], EAEFEMIESZ, NLR Al CRP %850 DLC KGR ZE, il DLC 1 AUC 48 0.666 Fl
0.768 [24]. AL, LF4EERER > 4 /L #A\ N&Z& DLC B G R(OR = 4.1). M 5HEEREEE > 4
mm A AR R A 2 A ), e AUC W]k 0.879 [25], AHSC TN AL e AL %) Lh 22 2.,

Table 2. Predictive value of laboratory indicators
2. LHEIRIRAITUNALEE

ZHT| BERUSEYan A s FHE TR EH ¥ T % R AR
_ . R
C 8 H(CRP) >165 mg/L WG TTRE OR= 3'61,1’1]/&&@& Wevers et al., 2013
0
= . R
CRP/F &AL >3.2 DLC (Rifl. =50 mL AU7(;/ 7‘375’*’# g&r; * Utsumi et al., 2022
—J. . % . . 0 DR .
(CAR) K > 150min) 20.5%
- AUC =0.927; U
DS + H
FAERR L) FE45 2K S5 (PCT) >1.5 ng/mL SVERSER DLC £ 91.3%, 5ttt Wu & Luo, 2019
76.8%
SRR 0 OR=32; BAH%E .
(WBC) >10 x 10%/L DLC R R oay,  Yigiter al, 2022
Hp L 44T /9K B2 X AUC = 0.856 (95%CI .
41 H A (NLR) >7.2 A LC 0.792~0.920) Stoica et al., 2024
e e OR=28; K&
A BERRRG(ALP) >125 UL Cal(‘;thf@fE DIC-CT [ AUC = Fujinaga et al., 2024
= 0.83
I = /1 =n ‘A
R seouL  smE AR IO UL I A orar, 20
0
FFHEZh & "
OR =2.3; f#i CLOC
X STRATA
M HZ YA h
L (TBIL) >2.0 mg/dL T Wor AUCA (liaborative, 2025
0.65—0.86
B2 % (VI 28
ALE/%S;%LP ALT +> :3; >A IS 2T5> 0 EEH*%}SME/% Ut 89% Kim ez al., 2017
i OR=4.1; 5%
E i 4= >4 g/L DLC . Chen et al., 2022
e =i 4 5 SO0E IR MR BT %ﬁzﬁf{‘aam
RAE N5 9 N M AT E > NLR .
(SIRD) >2.5 x 109L 2o (p=0031) Avci et al., 2024
AUC =0.721 vs
R A E an = 4 . Lo
CRP TG;; PHAF CRP 73 ﬁ'éﬁ TGI8 5 3k CVS KU TG18 ¥fh 0.609 Mishimai et al., 2024
w5 K ” (p=0.001)
[=]

. IR AUC =
gowipmE CRPT ﬁﬁ% FIR * 4kt DLC A 0915, BUEBASI  Zhu et al, 2025
AUC =0.842
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4. RETRBRF LY &

AR, LI (US)y CT A1 MRI, 7EAR BT Ak IH 2 45 46) K2 =38 9 i R B 5 Tl R A6 A% O
o ZTARY, AR ARG S BT SEILZE 58 (K2 2 CE 2, B AETRI LC 1A IR 3 &
HA T IR RS 1 B R S R .

RHFEEE S (GBWT)Z Tl DLC (M EE A fabr. AWFFIESE, GBWT >4 mm %} DLC [ #US
N 80.7%, HFF1EN 78.9% (OR = 5.2, 95%CI 3.1~8.7), 18 JEHLH| 5 IH FEBE LT 41k I AT ARG 1% BB AH 5%
[13]o ZF4EfbfERRTE 5P R SR G, 3 3 IR R4 R (IR A 345 % . GBWT > 4 mm 41 8.3%
vs <4 mm ZH 0.9%), 1M fHFEPK 53 25 1R S DU i T 394 5 (1 R 2 5 JH S ol (R T J 7 SO 4R 4o, R
MBS T 2.4 £%[26] [27]. SAWB(EZ >10 mm H#EE > 72 PNEHACEI PR, &4
fil BRIl - RFE” FRBEERE . BRiSs A RIE RS, SEURIIAIE, R s B 5 # i 2 8 (OR = 5.9,
95%C13.5~9.8), FFEAHRHNEIE TLRA/NF-«B 8%, T30 IL-6 AKFFHE 6 5, MEA4E0[22]. 4
WSS A A GBWT > 4 mm i, FHEIFIEREIA 41% [15]. AHEE BRI b 4 s v 3k s (1) %6
PEBH, B RE MR TE R R MR 91.7% [22]. FUHE > 5 mm $ERHFES K IMAR T B, YRIE XU 14
a2 5. 45 GBWT >4 mm BCEH, FlFHFFIERT AUC M 0.72 FHE 2 0.86 (NPV = 94%), ZER
P ARATRH[23]. FHFERSE > 40 mm (JodL T BMI > 30 (&) B § ik RS Ra AT+ — e, &
# Calot =M RFEWME, FEFTERMEEEI 37% (OR = 3.2), A B A2 RS 80 T 2.8 £5[4].

CT {E &AL HT AT RE VAl 2 RE ™ SEAEE . Utsumi 25200, JHZE)E BBl I8 24 52 1 = (>—10 HU)AEf5 Tl
W Calot =MLF4EAL, HBURIES 88.9%, ML AIEMHRIE TR AKI[9]. tbah, NHIEEE “5p )=
fiE” (Striated Wall Sign)Xf ¥RIE (K112 Wik 7 1 ik 94% [22]. TEAHE R CT (DIC-CT)H AR S 1 0
RAMNAS T, Fujinaga 2552 HIHE A 54 B (Biliary Variant Types)5 Calot = f ¥ 173 (cDS)5&HH %
(r=0.87,p<0.001). BARTIF: 1 BARTEE S5 S8 AT cDS > 3 B 4.1 5 1T REHEREICA
i HHEY AR GBS F T R IMEZE T 92%; 1T BY(IHSEE R EIT) B IR A 45473 I XU 3.8 f%(21]. N
LEMTTFAEERY], Calot = CTH > —15.3 HU A& T AE 15 52 HE FE D) 59 v % TFBE (0 B0 ST f [ TR R 28]
T EOMBURAZ(DWDEL R MY AR B(ADC) B AL 4k . Kurata Z5iESE, HFER ADC fH < 1.2 x
1073 mm?/s Filill DLC ] AUC ik 0.92 (BUEME 86%, Rriwit 89%), HIwHEIEAL SN K GE S BUK ST
FEUZIR[29]. W FLHRH RS 1 52 (MR CP) WU TE VF A5 H J8 45K 7 7 T A SN . FIHZEE (<1 cm)
BB IR (OR = 6.3), KL (>3 cm) M FE8ARK AL, KT REFH 42% (p = 0.003)
[30], &B S HM TR N2 3.

Table 3. Predictive value of imaging parameters
3. FEFSHATNREE

TBESH BERFE T H AR Tt he e PR R S 2 1 ES 3N
PERE [E N N H 5 @‘ . 007 N s e . . .
IEE 292803 >4 mm DLC. "IFM. L HUKTE 80.7%, 5t EE# CRP > 165 mg/L Siddiqui et al., 2017

(GBWT) B £ 78.9% (OR = 5.2) A[#EF+ AUC & 0.89

FIf% >10mm DLC. MUEpa, DO *OBWT >4 euoin oot g,
FWE >T2h 8 mm VRRCE 1% G sbacHkm e oA
(OR =5.9)
IHRS A 91.7%,
AN IER i [ZE /N BA GBWT >4 mm FRE >5 mm B
RIS it AUC = 0.86 (NPV WHRHEAFEA
— 949%)

g A R Kim et al., 2017

HE S & Bl AR >5 mm Kim et al., 2017
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— - BMI > 30 B#HH 2R " .
Calot — ff 5 22 R AR e i3 T Ak
HT% ﬁﬁ/x >40 I ) — i
JHFEREAE mm i FE ENES 13327) % (OR rocar i) Wu et al., 2025
CT Jig k& ALP > 125 U/L
Diriesd >-10 HU Calot = f1 £ 4ifk, TR 88.9% AT FINAE RS Utsumi ef al., 2022
I
(AUC = 0.83)
/\ —1/ .- .
s e SRR R 04v%  WRATAMEEA Kimeral, 2017
f =1 N > N E/—'x’—ﬁ Ei /—X .
DIC-CT JH% Tl 2 JRA I KB A CD[%—TSIEET (ggn cDS > 5 K 3 A Fufinasa ef al.. 2024
A5 LB R e g 4 R i Jmaga erat,

85.2%, Fi5E 88.3%)

F3~F4 4-4ifb i3

DWEADCi  <12x107%  DLC. F3-F4 5% AUC=0.92 (BUKEL 4y b o tocror i & Kurata er al, 2021

(AR mm?/s Yl 86%, FF5SE 89%)

IS
T A ) A%, JHAS R N \
Mrep fgesr FUIIEECD sy e T BEVILOR o an
s cm)El K HZEHE K =6.3; K&: FARIK % Nassar et al., 2020
(>3 cm) ] 1+ 42%

4. RAGEWTS RESEERBPLLBESHHLES

R E B 2 —J& Randhawa Vo> R4, HAZOSHEFE: HEREERE >4mm (+2 7). &A1
Wi(+3 4) PRBILAER <30% (+2 4). RIHLAER >2mg/dL (+1 4. SRR T AEE N : >5 2 7
BTG BUBME RN 76.3%, KN 81.4% [31][32], (HILJRFRIMETE TR 21 2 SEF R (W1 CRP/WBC)
(2310 ZRETER T ARAMET 0P EHE 7 RHFEE Bl KT . Calot = fANIESS 25 AP RIL, RS >8 05
FARBAZEK(r = 0.72, p < 0.001) AT R I(OR = 6.1) 5. H5<[33]. Tongyoo i K Jitf] Randhawa 1%
RUE T ERCP 51(+3 7). B R 81(+2 77)« ALP > 120 U/L (+2 73), [AII R IH 8 EE 2 S B {E A 4 mm
FE2E 3 mm, BURPESEE T 21% [34]. Wibowo #&H IR IEPEHRAR 28 L TIPF-4r RGN = S S 8047 VAl
BFEFEREE > 300 U/L (72 /N RBE 50%) (+4 43)~ CT ZEIEEL > 4 (+3 7). ZWFESRE WM > 8 435
H AR A RN 34.7% (AUC = 0.87) [35]. CLOC 32 22 BRI L T IHE S5, AEER > 65
% (+2 )« Murphy {EFITE(+2 20). JHFEEEE >4 mm (43 23). SRR 58 5 AI IRt b oG, BIATAE 5 2
BN SERIEAS, EGAES IR 51.7% [25], SR, (EFPEZHEAESY, AUC FE% 0.65,
T AT AR AL [ 5] 0 cDS ShAfigE 2 T R G T IR & 5 CT (DIC-CT) &AL THE T ARAMEE /0 H -
2 DS > 5 4, BEHESRAG EIRS EE EFHE 15%8L B(p < 0.001), BURMEN 85.2%, HFREN 88.3%.
X— RS R T IR =4 M B ) Zh A BRI, T TR S S S PR R PR 21]. ZVP0 R
Grtfid Ak T IEIR T, QiR A IS S AT S A SR R AE . MRI-DWI AH4EAL TR b, SR B R 2L
(ADC)< 1.2 x 103 mm?%/s B}, BEWE =2 W F3~F4 A 44 (FIVETINAE 92.1%), &G T AT RIE 5] &M
FEPR I AU (F4 2R 4EA0 A HY I KUK OR = 6.1) [29]. X —HE R AMAAL ) 28 S mg $R 4L 745 5. F3~F4 £F
Yeqb BB AR SR BRI T R S8R VIR, REA RO AR H H RS (F RRE 2 T B 34%) [36] .

ISR, N TGRS AR AR WM. 91101, DL-CholeScore HE%Y3E T CT SCHE /M 1K B HFE K 1k
FEAL (U 93.7%) S5 AT T IR IR I R 2 1k 89.2%), LK MRCP =4 fE @ E{b TR - JHRE A <
30" R EfREHI(OR=6.3,p<0.001). UhAh, ZHALEEES T % fESEF5: CRP>10mg/L+WBC> 12 x 10°/L
B, LA ARERTE 3.1 fi5[2], ZASEBITE A S O AC L0 6 T [X (AT FRide) 5 B SE 73 300 W) & 2 1
15 93% (= 0.87), FHNWIZEH P TGRS : T AR R4 % 28% (95%C121%~34%), FEARAEFE M 14.2%
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P& % 3.7% (p < 0.001) [5]. STRATA BERINUFLML T =4e G0 28 H, HZ LA A: Risk (%) = 0.35 x
[AF4EALFEE(ADC < 1.2)] +0.25 x [Calot — ffif]% B 7]+ 0.4 x [REZLIRE [5], BEREHEG,
BRI R SR M A FESRTE T 32% (95%CI 28%~36%, p < 0.001), =G4 T RIS H 465 41 4@ =
0.003), ICU # N T[% 54% [14], ARATHITED KRG AR WL 4.

Table 4. Summary of comparison of preoperative prediction scoring systems

® 4. RETFANES R BB R

W AL Bz sy AR BIEPE  AUC (95%Cl) SURBE/SREE  SCHORIR
- /‘ + 22 .
DL %Szlgcore CT 2% A?%g FEAE kg g 091 (087-0.95) 87.2%/89.5% Zhu et al., 2025
ML =
" . X STRATA
STRATA % Risk=0.35 x £F4Efk +0.25 % . i
N . JEAE 315 X% 0.86 (0.82~0.90) 84.3%/88.1%  Collaborative
YA s 9
(2025) filt 2 + 0.4 x R 2025
Tongyoo £ K& ERCP 5(+3 43). ALP> 120 P 2 is 0.84 79.6%/82.3%"% Tongyoo et al.,
(2023) U/L(+2 4%) SERAEHLHI TEE (0.79~0.89)rf  TUEE20 2023

cDS=1.2x HEHH + Fujinaga et al.,

cDS PF47(2024) JHEH  0.81(0.75~0.87) 85.2%/76.8%

=

0.8 x GB E:JE 2024
Randhawa JHFEEEE >4 mm (+2 53) o ,, Randhawa et
JE14(2018) LE RT3 2) FEFFE 074 (0.69~0.79)  76.3%/81.4% al.. 2018
CLOC ¥4y FH > 65 F(+2 4)- \ Chen et al.
=22 . .72~0. .5%/83.29 ’
(2022) GB EEJE >4 mm (+3 7)) HEEZLHE 0.77(0.72~0.82) 68.5%/83.2% 2002
Wibowo 1l TERIEE > 300 U/ L(+4 73)- PPN o o, Ary Wibowo et
(2022) CTSI> 4 (+3 %) JEAR R E R 0.87(0.82~0.92) 82.4%/85.7% al.. 2022
TGI8 DS (2018) 25 BURH LB iﬂﬂ:ﬂ; 710079 075-083) =072y o0 el
- 277
MRI-DWI £(2 ADC <1.2 x 107 mm?/s F3~F4 47464k 0.92 (0.88~0.96) 92.1%/89.3% urataeral,
(2021) 2021
Parkland 43-2% s e . N —(OR = 5.08@III Madni et al.
4% )L[/\é o é FE X “A _ 5
o01s) RBRIERASBENY B IR ) B

e UL o SVERHZER WAL AUC: §: BT RGUREE 73.5%/F5 575 79.8%: §**: SFRIKHXRE: K
e JEM BENERG. Bk, PHEITEESXSZO0SH4S: ERCP (ENEIUTIHIEE &), ALP (it
WEHRmE). GB (JHZE). CTSI(CT M™&EIEH). ADC (EMT B ZEED).

5. R ERE

LC HIERLICR, CRONIRTT e RSN I EAriE. JR10, FARIE IR LE I T 52 24
m, JEHRAERAE DLC I, BERIFFAENR R 2 BTt RATHIIIEZE VIR A FIEEE, JUHZ DLC 1)
KA, BN PRI T BT 16 o ASCERIR T Z AR ol it Tt e, RS ARSI T T7 AT T e 2
TR, FHRORATHN DLC KB FEBAE 1 R BERE . BT FUE AT S2 . ARIE . SEa8 SR A AR 2
RAEZ AT RN 72 MR FM A . B, FRERS S C NV E H(CRP). FEE5 R (PCT)M
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