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FER AR U AU AR, S AR 2k B AR J5 KU AL R 2%

FiE s WU 43 F1 2023 4F 1 A —2025 4F 12 A Hir 4 s A R B B iA 19 186 ) AOSC A8 3 Il IR %
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B AR AR (] AR IRl (8541), LB P4 R R S e ih s d5 A, R
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BRI RE ) B R 3k 25 o

ZR: LCBDE-PS A FARNFE . A bl & . 51008 8 & S50 &R A B R LT
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0.901~0.997) , HUKE }90.91% , 555 4 89.41%. DCA 7w, [BI{HME R 0.03~0.96 i B 4 R FHIZ AR
TR ] 2545 25 T 4 3 T TR 4 3 A T T 55 s 100 148 3 25

%5t : S5 LCBDE A TD ML, LCBDE BEA PSIGYT AOSC 1] 45 8 F AR B FILAR S5 AEBE R ], 9 /b A i
Mh . 5100 R ) R s S R, EOR BN R 5 I &R M WA A R R KU . IR AR . R
WA A AR5 E AL K F R S5 LCBDE B A PS AR JG MLV HR & A M G, H b g A 5 2R 1 B
A e ) TN 2 3 RV A I PR S AN, AT 4 LCBDE 8643 PS AR5 JE VI XU 20 IR #2 it 5 2%

KA MEAE R BEGIHGERER; —W5EE,; FARBIFLAE; JIZ4K
FE LS R6574

EETH: 20248 RATT T RPHO TR A ZL R I H (WW24B01SF052) .

Wi HER: 2026-06-30; {EiTHHA: 2026-08-20.

EER Y BEE, WA REN A REGR FATEIN, FZENFRFAINEL . s AT .
BEEE: 252, Email: weichun95887709@163.com

http://www.zpwz.net
1563


https://dx.doi.org/10.7659/j.issn.1005-6947.260385
https://dx.doi.org/10.7659/j.issn.1005-6947.260385
mailto:E-mail:weichun95887709@163.com

1564

HE AR R K 55 35 %

Clinical efficacy of laparoscopic common bile duct exploration with
primary suture for acute obstructive suppurative cholangitis and
construction of a prediction model for postoperative bile leakage

LIANG Yucen, ZHANG Honglong, WANG Guoqiang, QIN Wenke, WANG Hongtao

(Department of General Surgery I, Wuwei People's Hospital, Wuwei, Gansu 733000, China)

Abstract

Background and Aims: Acute obstructive suppurative cholangitis (AOSC) is a severe biliary tract
infection characterized by rapid onset and progression, for which timely relief of biliary obstruction is
essential. With the development of laparoscopic techniques, laparoscopic common bile duct exploration
(LCBDE) has become an important surgical approach for common bile duct stones. After stone
extraction, primary suture (PS) or T-tube drainage (TD) can be used to manage the common bile duct
incision; however, the clinical efficacy and safety of these two approaches in patients with AOSC remain
incompletely defined. In particular, postoperative bile leakage is an important complication of LCBDE-
PS that may adversely affect postoperative recovery. Therefore, identification of its risk factors and risk
stratification are of clinical importance. This study aimed to compare the clinical efficacy of LCBDE
plus PS and LCBDE plus TD in patients with AOSC, identify factors associated with postoperative bile
leakage after LCBDE plus PS, and develop a prediction model for postoperative bile leakage to provide a
reference for surgical decision-making and postoperative risk assessment.

Methods: The clinical data of 186 patients with AOSC admitted to Wuwei People's Hospital from
January 2023 to December 2025 were retrospectively analyzed. Among them, 96 patients underwent
LCBDE with primary suture (LCBDE-PS group), while 90 underwent LCBDE with T-tube drainage
(LCBDE-TD group). Perioperative outcomes, postoperative complications, and stone recurrence at
5 months after surgery were compared between the two groups. Patients in the LCBDE-PS group were
further divided into a bile leakage group (n=11) and a non-bile leakage group (n=85) according to the
occurrence of postoperative bile leakage. Clinical and laboratory parameters were compared between the
two groups. Multivariate Logistic regression analysis was performed to identify independent factors
associated with postoperative bile leakage after LCBDE-PS, and a nomogram prediction model was
subsequently constructed. The Hosmer-Lemeshow goodness-of-fit test, receiver operating characteristic
(ROC) curve, and decision curve analysis (DCA) were used to evaluate the model's goodness of fit,
discriminative ability, and clinical net benefit, respectively.

Results: Compared with the LCBDE-TD group, the LCBDE-PS group had shorter operative time, less
intraoperative blood loss, shorter drainage-tube indwelling time, lower total abdominal drainage volume,
and shorter postoperative hospital stay (all £<0.05). No significant differences were observed between
the two groups in the incidence of postoperative complications or stone recurrence during follow-up (all
P>0.05). Within the LCBDE-PS group, patients with bile leakage had higher preoperative direct bilirubin
levels and longer operative times, but lower preoperative albumin levels and smaller common bile duct
diameters than those without bile leakage (all P<0.05). Multivariate Logistic regression analysis showed
that a larger common bile duct diameter (OR=0.658, 95% CI=0.505-0.857, P=0.002) and higher
preoperative albumin level (OR=0.719, 95% CI=0.550-0.940, P=0.016) were associated with a lower
risk of postoperative bile leakage, whereas higher preoperative direct bilirubin level (OR=1.435, 95% CI=
1.161-1.773, P=0.001) and longer operative time (OR=2.037, 95% CI=1.092-3.799, P=0.025) were
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associated with an increased risk. The nomogram incorporating these four factors showed good model
fit. The area under the ROC curve was 0.949 (95% CI=0.901-0.997), with a sensitivity of 90.91% and
specificity of 89.41%. DCA indicated a positive net clinical benefit of the model across a threshold
probability range of 0.03-0.96.

Conclusion: Compared with LCBDE plus TD, LCBDE plus PS may provide favorable perioperative
outcomes for patients with AOSC without increasing postoperative complications or short-term stone
recurrence. Common bile duct diameter, preoperative albumin level, preoperative direct bilirubin level,
and operative time were associated with postoperative bile leakage after LCBDE plus PS. The

nomogram based on these factors showed good discriminative performance and may assist in

postoperative risk stratification for bile leakage.
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20 PE A BH PR Ak e PR IR AE R (acute obstructive
suppurative cholangitis, AOSC) J& T Hi# & 4t (1L ik
PE SRV AR, I K L R B A L E S
o PPR IE O B, 20 2 IR IEGE A S PERE R
G, Hk R T ARG KRG BT B, R — b R R
I PE 3 i WY AN R SRE" . BE B IR R B R Y
LR TR B RS ER 25 R (laparoscopic
common bile duct exploration, LCBDE) H #j & 7&
Al R b K, R SRR TR
IR S5 RS D5 AL %Y. LCBDE J5 #E47 T4
5% (T-tube drainage, TD) — P42 3 % 1£ 45 F
ARYGIFIr BN HTD W5 E E R R . R
Fre Aol A ek, BRI 7 Fom R A, 4 0l 2 7
LAEHR FE b, I LCBDE BE & — 4% 4 (primary
suture, PS) BB ITTARE . ME R IG IR AT 17 /Y
FARAMGER, SHATDANK, LCBDEA PSH
A B A SR S A A, BT R (] A B I ]
SERL, TR TG OR b i 25 A R R R A I )
857 T B HE, A BESEVHESS, LCBDE BK &
PS IR 7 AR ™ H M REAE 48 B9 9T SRR o R R
FARHMY, LCBDEBKA PS & —Fh 4 4 n] 17 1k #% .
{H LCBDE Mk &5 PS 7E iR T AOSC AT FE 84, it
ABTE 7L R % LCBDE-PS 387 AOSC Y IIfi R YT 34, 4%
B ARG BB T & A Y XURS: PR 2R O g A A A
VAL LCBDE B6 45 PS (91 PR N (6, 15 78 9 L
MRS %

1 ARSI

1.1 —R&ER

[ Jost 1k WA 4R 2023 4F 1 H —2025 4F 12 A Hlt &
TN R EE B A B 186 1] AOSC B 3 Y Iifs IR
Btk . b, 96 ] 17 LCBDE HX & PS ih J7
(LCBDE-PS 41 ) , 90 fjl 17 LCBDE Hk & TD i J7
(LCBDE-TD 41) . W A#siE: (1) £F & AOSC 2 Wi br
AEF (2) F #6175 LCBDE 64 PS 3% TD Y& 7 | 3 5
(3) I R BE R e 3% 5 (4) RJG T =54 H , B U7 %k
Stk HERRARME: (D). B EZHE YRR
B QMMM R ) M B MR R
@) P RE S H A EMRREERESE; 6) A
JRMERE A . MR B (0) AR EIEHF AL
B DIRITRAEZEEH . KRS R4 R
Y TN O 7 S A (o L S Wl R A G || =
WWSRMYY-KY-2024014) , F-%4 o £ 3 5155 7] 75 .
1.2 FHik
1.2.10 AARFHME IERZEEATR, 1.
(1) N HRFAE . AFdy . MRS . R BT G482 (body
mass index, BMI) . TR 52 . WEAH 50 5 (2) FEAE %
e miE R BERRE S L e
1.2.2 FRFE WAWA T2 GME, ¥R
o FEMF FHROEDI D (K210 mm) . #3725,
k35S 13 mmHg (1 mmHg=0.133 kPa) . &% F
YJ T E A 10 mm Trocar Jf- '8 A& B Bi i3k, 716 18
BEEHMTF FEIRTFHAZ2 emibE A AL 10 mm
Trocar . A7 M 8 & o4& 5 45 M Ah 2k kb B A 5 mm

http://www.zpwz.net



1566 W E AR A R

5 35 &

Trocar . A7l J 7T 26 F J5% 4b & A 5 mm Trocar, & &
BEPRARNE . MO AR E R . AR
Je . FHATCRE Je A3 IR 5% 30050, FH F R 43 5 1 I 4%
B MRSk, g3 o T AT s A= W e it e A R
Wk, L, SWHEINK, 0. 5550
BRAASE , FHICRT £ L IR 22 s A2 51, A7 4 4 58
M+ s, R0 HA%, fEH LS
BE WA T 0B 45 7K AL ) T HF 0.5~1.0 em o JEE
RRIE BT FR A o U SR AE AHE BT T AE B4 W 2% 3 45
U BB O BB, SRS el REGE e 2R
Y M/NGS 45 . (1) LCBDE-PS 41 ;76 B A JC 5% B4 4%
A, BEEEY . T B KRR s,
FH 4-0 o] W S £k i SR AT 0, IR R A A JC R
7% . (2) LCBDE-TD 41 : 7E#fi ik + 48 5 7L 3k &
. AT B4 A Lk E s, EIAENEA
T4, MH4-0BMLN EEFiESES, TUAM
oK eh R, WALk S e s, SO HEBR H I
T KU o B W B4, K IR AP A 4e, &8
2T 0B, LCBDE-PS 40 43 5 78 3C G AL & A5 T
TCE I E A VAR, A 00 R o i L R i
HRJIF [ 52, LCBDE-TD U 76 SC KL B AGIHAE, KR
Jo 6 A T SRS i Yy . RS A%, I
BIAERIEBT IR PR T4 .
1.2.3 Agsagdr (1) BIARBIFE R FARBE, A
e, ZiAa%a . AR KRER. SIEEE
AP, HE R BT . R EREEE . (2) K5I
KAE . M. IRt R R Bk e ™
FR I (2R FART ™ EHT ) . B
B ZEmL . 3) F Vs . Wit iR . (T2 E 2%
FRMERERGSDHALEAE KGN
1.2.4 LCBDE-PS 28 K5 Re it ik & AW L WG &
BT & KA IR I 53 S I e 25 Jg iR T
T JF LR AL B E W — MR . L = FE .
R85
1.3 FitFEhE

iz FH SPSS 26.0 Xt iff 5% Fic 4l #F 47 4b B 4> B, I
WER (FFEIES M) G5 RUIE « b5 i 2
(x £5) Fon, WYL B R IS FEAS 4G 56 5
TR R LIS (A ) [0 (%) 1R, 4l
F 3R )2 A6 56 T Fisher B DIAE SR 1L . Wi Z &R
Logistic [7] 9 # %1 | i %€ LCBDE B¢ & PS R J5 & £ 1
T U 00 kST fE B TR ER O A A ) £k AT T A R
K HZ R E TAERAE (ROC) Hh<k, PEM A
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X4, % F Hosmer-Lemeshow L& 1 JE 6 46 A1 ¢
Y T 22 DV 50 Y A A v B, SR P I R e 5 i £k 93
Br (DCA) TP 1LY i i PR v 3R 4 . P<0.05 2 22 5+
AGIT R

2 & R

2.1 MAEREFRILE

LCBDE-PS 2 5 LCBDE-TD 4 & # 4E W% . PE 51 |
BMI., AT 5 . W sl R o e . BE PR L e e
FEATR LK, ERBILEITFEEL (B P
0.05) , &7 W 4B H & AR AF B K B A T L
P (E1),

x1 WMAERFEBLER
Table 1 Comparison of baseline characteristics between

the two groups

LCBDE-PS4{ LCBDE-TD4H

T H 1% P
(n=96) (n=90) )(2
T (Y x +5) 55.64+12.17 56.23+11.94 0333  0.739
He5n(%)]
L) 50(52.08) 46(51.11)
0.018  0.895
5’y 46(47.92) 44(48.89)
BMI(kg/m?,x +s)  23.05+2.62  23.47+2.58  1.101 0.272
R [n(%)]
= 53(55.21) 41(45.56)
1731 0.188
o 43(44.79) 49(54.44)
WA 2 [ (% )]
= 49(51.04) 43(47.78)
0.198  0.656
w 47(48.96) 47(52.22)
R LER(%)]
b 41(42.71) 38(42.22)
0.004  0.947
w 55(57.29) 52(57.78)
BEIRIR (% )]
= 34(35.42) 35(38.89)
0240  0.624
s 62(64.58) 55(61.11)
SR (%)]
= 37(38.54) 25(27.78)
2422 0.120
w 59(61.46) 65(72.22)

2.2 MABARHIEIRILE

WA A RS AR KRERILE, 271
TG it2EE L (¥ P>0.05) . 5 LCBDE-TD 4141 Lt ,
LCBDE-PS ZH F- AR Bf [A] 5145 . A v iy i &2 55/ i
i S g AR . T A A R RS AE
BERFmIZR R, 22 3 A gt B L (1 P<0.05)
(#£2),
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®2 WMABRARBIERILEER (z+5)
Table 2 Comparison of perioperative outcomes between

the two groups (x =+ s)

LCBDE-PS41 LCBDE-TD4H

i (n=96) (n=90) ! ‘
ghago (Ko 1.92+1.45 2.23+1.18  1.593 0.113
SR REHA(mm)  6.15+2.71 6.82+3.14  1.561 0.120
MRS (mL)  33.17+7.42  58.91+11.47 18.284 <0.001
FAREFA] (min) 112.38+15.64 153.72+17.85 16.826 <0.001
A i (mL) 31.65+8.13  42.35:7.62  9.246 <0.001
ARJ5 AR ] (d) 6.34+1.57 7.51£2.03 4413 <0.001
SIS BT (D) 3.89£1.26 5.07+1.59  5.627 <0.001

2.3 WMARBHEZERMEIHERILE

LCBDE-PS 2 K J& Ji Jis R o . %0 ik | R
DK MR | F AR R 3R AL K™ R T U & R R il
M 1.04% . 4.17% . 2.08% . 2.08% F10.00%, LCBDE-
D 45 M M 1.11% . 556% . 2.22% . 4.44% F
222%, FWIKIELREFRLKZE R LI
RS (¥ P>0.05) . AR EIERRE B R AR
9310 9.37% F115.55% , 255 INTESTFE XL (P=
0.201) . K5 1A], LCBDE-PS £ #il LCBDE-TD £ 4%
A2 KT 0K 2.08% M 4.44%, 73 TG HE
X (P=0362) (#£3).

®3 PWARBRHRERMIHERILEn (%) |
Table 3 Comparison of postoperative complications and

follow-up outcomes between the two groups [1(%)]

LCBDE-PS LCBDE-TD 41

L 2[1(n=96) (n=90) X r

ARJGIHKAE

JIE S i, 1(1.04) 1(1.11) 0.002 0.963

LRt 4(4.17) 5(5.56) 0.195 0.659

Tk 2(2.08) 2(2.22) 0.004 0.948

HL iR ST 25 L 2(2.08) 4(4.44) 0.830 0.362

R ivilEba et 0(0.00) 2(2.22) 2.157 0.142

At 9(9.37) 14(15.55) 1.637 0.201
B

“Sing Kk 2(2.08) 4(4.44) 0.830 0.362

2.4 LCBDE-PSHARGEHREESLETRES
Il PR L 82
LCBDE-PS 4 96 4] i & v, A J5 & Wit s
10, KRN 11.46% . BT 245 0 IH 31 i 21
AR . M. BMIL, DRI S MRS L R
WS& TS N DO N1 = 0 o N AN 1 4 O

g BeE . MR E N AR A LR
(ALT) FIR&A AR I (AST) AP AL,
RV IGTHE L (B P>005), 5T R4
FEG, BRVE IR 48 3 MBS AR B/ . R B
EEANE = I N T R S G (RS RN D)
Mg K, Z2RBARIT2E X (B K
0.05) (#£4),
25 LCBDEBAEPSAERETRAENSEZR

Logistic BlJ3 447

Pl LCBDE B & PS AR J5 /2 5 & A5 It i oy P AR
i COR&AE=0, KHE=1), BERAGIT¥E LW
REE A, RATHEMRIZE, RATAHEA LT
AR BF[H] 4 I 48 bR AE Ry H A2 fE 90 A £ ] R Logistic [1]
FARA, RN, HAEHERMARMAEAS
LCBDE 1k & PS A J5 07t s & A8 KUBS 52 7 AH G,
IR BRI mm, ARG e & A AR
W Ik 34.2% (OR=0.658, 95% CI=0.505~0.857, P=
0.002); ARETHEAEEM gL, AJEHTEEE
KUK % I 28.1% (OR=0.719, 95% CI=0.550~0.940,
P=0.016) . AR IRL0 R fF AR I E 5 R S5 RH
U A XURS: 52 0F A0 G, R A B 42 0 40 % & 4
1 wmol/L, JH VT A& HE XURS: 15 /i 43.5% (OR=1.435,
95% CI=1.161~1.773, P=0.001) ; T A I [a] & % K
1 min, JB 3 % 28 XUBS 84 m 29 2 /% (OR=2.037,
95% CI=1.092~3.799, P=0.025) (#5-6),
2.6 TiM{ERIE T

HF L K Logistic [81 9 43 M7 i 1 H /9 B0 5
HAE. RETEEMOE ., R A &AL FARE
4 T ST AR OGP E, # E LCBDE BX A PS R J5 Rt
T AU T30 20 2 Pl (IRT 1) o K 4% T 00 PR 28 X I fY)
VE43 AH AR 153 B PF 4, IF AR BTG B R R
JERAEMT R E ., Fla, MEENLE A
9 mm., ARATEEML RN 43 pmol/L., RETH
FEHHM30 /L. FAREE A 140 min B, #4551 26 1]
THEE ST 3 24 R 208, 5% 1 4 AR S IR 3 T o 0 AR %
217 90% .,
2.7 1EBIEHE

Hosmer-Lemeshow $1 & £ BE /5 46 45 S W/, T
DAL 5 S PR A 45 R 2 LA R AP, $E /R BT
BABIG MR HERE J1 (B 2A) . ROC [ £ 53 #7 2
N, R R AL (AUC) H0.949 (95% Cl=
0.901~0.997) , H/EE 4 90.91% , H#5 1 4 89.41%,
PEOR B B B 0 X A R A IR e R & AR IR
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HiwBEMEES (K12B). DCASRE R, fEEE B T2 e ifons ook, 2oasi A
B4 0.03~0.96 JTH A, WX BIAE B g dr gk g A —E TR IR R A (781 20) ¢

%4 LCBDE-PSARFETRELETRESIRKERLE

Table 4 Comparison of clinical characteristics between patients with and without postoperative bile leakage in the LCBDE-PS

group

i H JERE R ZH (n=85) AHYHE 4L (n=11) %% P
WS % £ s) 55.79+8.16 54.48+7.62 0.504 0.615
PERNn(%)]

! 45(52.94) 5(45.45)

0.219 0.640

& 40(47.06) 6(54.55)

BMI(kg/m?,% + s5) 22.9242.17 24.05+2.83 -1.568 0.120
L [n(%)]

= 46(54.12) 7(63.64)

0.357 0.550

1 39(45.88) 4(36.36)

W [ (%) ]

= 41(48.24) 8(72.73)

w 44(51.76) 3(27.27) 2338 0126
iR L [n (%)

P 39(45.88) 2(18.18)

7w 46(54.12) 9(81.82) 0 0081
BRI [0 (%))

= 30(35.29) 4(36.36)

% 55(64.71) 7(63.64) 0:005 004
FIEM 4L (X101, % + s) 7.05+2.14 6.24+1.58 1.211 0.229
M (X10%/1,% + 5) 216.82+19.37 208.59+17.24 1.341 0.183
RS B4R (mm, % £ 5) 12.54+1.36 9.42+1.08 7.305 <0.001
AR (B £ ) 1.89+1.15 2.15+1.47 0.683 0.496
ARHTEAEIRLT R (umol/L, % = s) 25.62+8.15 41.79+13.42 5.695 <0.001
ARATEHZIHLT 2 (wmol/L,x = s) 16.82+2.73 17.03+2.85 0.239 0.812
ARFTHEH (¢/L,% + 5) 41.35+5.62 36.94+4.16 2510 0.014
ARATALT(U/L, % + 5) 47.18+6.54 48.25+6.73 0.509 0.612
ARATAST(U/L,Z + 5) 107.19+10.37 112.76+14.55 1.596 0.114
FARBFE] (min, % + 5) 110.47+23.19 127.41+23.68 2275 0.025

%5 LCBDEEEE PSAERETIRIMIEE T S W IE %6 LCBDEEES PSARERETIRA & XU HI % E 2 Logistic
Table 5 Assignment of variables included in the prediction B34 #7
model for postoperative bile leakage after LCBDE Table 6 Multivariate Logistic regression analysis of factors
plus PS associated with postoperative bile leakage after
B D 2 e LCBDE plus PS
B AR LTS Sy B S.E. OR(95% CI) P
ARHTEHZNLE PR RS B AR -0419  0.135  0.658(0.505~0.857)  0.002
AT SRS IN ARATEHEMHLZE 0361 0108  1.435(1.161~1.773)  0.001
T[] TR ENiIfSE S| -0.330  0.137  0.719(0.550~0.940) 0.016
TFARKFR] 0.711 0318 2.037(1.092~3.799)  0.025
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B=1 000 repetitions. boot  Mean absolute error=0.029, n=96 A
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" 17—
H M8 iR [ 1 1 1 1 | 1 1 1 1 |
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SHi B REHLT Z( 1/1.) | 1 1 1 1 1 1 1 1 1 1 1 1 ]
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