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Abstract

Objective: To investigate the clinical value of conventional ultrasound features for differentiating ne-
oplastic from non-neoplastic gallbladder polypoid lesions, compare an ultrasound-only model with a
clinical-ultrasound model, and perform internal validation. Methods: A total of 236 patients with
gallbladder polypoid lesions who underwent preoperative conventional ultrasound and had postop-
erative pathological confirmation at Hefei Second People’s Hospital from January 2023 to December
2025 were retrospectively enrolled. According to pathological results, 175 lesions were classified as
non-neoplastic and 61 as neoplastic. Clinical data, two-dimensional grayscale findings, and color Dop-
pler flow imaging features were collected. Pathology was used as the reference standard. Univariate
analysis, multivariable logistic regression, and receiver operating characteristic analysis were per-
formed. A clinical model was constructed using age and sex, an ultrasound-only model using seven core
sonographic findings, and a combined clinical-ultrasound model using both sets of variables. Internal
validation was performed with 1000 bootstrap resamples, and optimism-corrected AUCs with 95% Cls
were reported. Results: Baseline variables and key ultrasound features differed significantly between
the two groups (P < 0.05). In the ultrasound-only model, lesion size 210 mm, sessile morphology, Dop-
pler vascularity, adjacent gallbladder wall thickening, absence of hyperechoic spots/comet-tail arti-
fact, solitary lesion, and concomitant sludge/stones were independently associated with neoplastic
lesions (P < 0.05). The apparent AUC of the ultrasound-only model was 0.902 (95% CI: 0.858~0.946),
and the bootstrap-corrected AUC was 0.887 (95% CI: 0.842~0.935). The corrected AUCs of the clinical
model and the combined clinical-ultrasound model were 0.842 (95% CI: 0.793~0.893) and 0.907 (95%
CI: 0.873~0.943), respectively. The apparent AUC increased by 0.025 after adding age and sex, but the
difference was not statistically significant (DeLong P = 0.064). Conclusion: Structured integration of
conventional ultrasound findings showed good discrimination and remained stable after bootstrap
correction. Age and sex provided only a small, non-significant incremental value beyond the ultra-
sound-only model. Because only surgically treated patients with pathological confirmation were in-
cluded, direct extrapolation to asymptomatic screening or non-surgical surveillance populations is
inappropriate.
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BYLEAN [A) 2 Bt J2 40 Hh 1 3 FH 1HATS 75 45 A ELAAC S 491 44 s o TR R R (6]

T BT s, AU CLEAET S N RERETF A BRSSO B o8 B, Fge “wME AR aEAR
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EHILS.

2. RS
2.1. ARIER

AHI T B RO [ S W 7T . IESIER 2023 H5 1 H & 2025 5 12 A TN — NRERATAR
TR R P A 2 T RS2 IR R DB AR . AR F 7 2 W 0 11 R 2L AR A8 S8 3 R . 9N HE: (1) 4F % > 18
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NG HTRT G N R B 2 AR R g R AR dr s B DR B A S IR A AR — B

A ERENLAS 2 S W FUiR N, AR AR B SERE B 2T T SR AR 5, 15 UMk DALE I PR 5 FR i 3h[ 101
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2 PR 2R 7 Bt LA PR PTAAEREPE AN TS BERE kAt IR G [F) — 5 g 28 505 = B sU A2t A
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KR AR/ A5 A IR - B A AR [ N BRI R S A AR . R A R K. OR A 95%
CL. R ROC 73T i . — =7 e hr e 3 ML R H 350 R RE LA Y ouden 45 Ui i 410 i CE AR bTT{E
I RBUREL. R #ERRE. BHVETIE A I BN . R DeLong A3 HLAERIR AUC, BR&EHE
R Al AR ) AUC 2246 HI T PO I R AL f2E PO 1 505 4 - R FH Bootstrap BELAlFE 1000 VAT
FRISAIE: (R EAAEREAR R BRI A R, R TR SRR AR IR R A T () AUC, LA 2
AR, IFARU AUC HHnER-T 2 SR SRAFELIE AUC; #2IE AUC 1) 95% CI K H] Bootstrap F1
LA TR, XU P < 0.05 NERAGIFE L.

3. &R

WEFEN RANANTRE LIS 1o B ARER 175 BUAAARBRYEA . 61 BIRAMRIEA, B EMm
AL OB R A . AL PR 5 S0 S S 2R BB AN R 1o BRGuih A g s, ke G I
HE/ 45 A LR N B OR, $RoR T AR B A S AFAE W] B AL 2 22 57

( 2023415 —2025%128 )
AR ERTIEESAERET BESEETRA
§ (n=286) )
I #58 (n=50)
- N ARREER 180
EREEEG. EREHSAEREEARER BEEEAER>30d 9%
(n=236) B RERINBLIE
. J SRE2Tams)
I ANEHBII
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¢ 3\
UARGREL T SRR
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Figure 1. Flowchart of study subject enrollment

B 1. IR RANRIZE

PR BB P RRE 22 2 L% 2, kRN, $E. IEE TR RIES. WEEE. w7 s/ER
B MRS 5 A0 HH FERE 5 J | RS 58 BE | 98 i b S IR VR /45 40 22 e ¥R G ik 54 72 (P < 0.001~P = 0.004);
P %2R o Sl AR R A 22 R AE S S0 4 B R .

Z K% Logistic [FIH/HT 455 0L 3, 548 BT RN LA TRk e W5 S 3(a). 4l R,
IR AR > 10 mm. [ HEE/CF . CDFL Al LIS 5 AR RHFERERE B &y [ml s o5/ B R hn .
R I T A I RE R /4 A 1) 5 R R AR ST A SE(P < 0.001~P = 0.044). fEIRIR - A BEA AR, 4E§
BRI 10 %7 55 bR P95 48 XU T i ST AR 95 (OR = 2.33, 95% CI: 1.45~3.74, P < 0.001), 545 R
BRI B G 124 7% L(OR = 2.04, 95% CI: 0.86~4.84, P=0.105). #AEAZET, Wit AE >10mm. [ 3
JE/Je# « CDFI n] WLIMIRAT 5 A A FFREYe/ 45 4 15 Si il (3 P<0.05); APITPHFEREIE L = [m] s
[ B R AN B BRI L R KOS T R R AE— B, {H 95% CTESER 1.
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ROC 73 #r&E B WLF 4 R 2. 4B R AUC 4 0.902 (95% CI: 0.858~0.946), e fE#kN{E
9 0.281; FUREA 83.6% (95% CI: 72.4%~90.8%), HF5FEA 84.6% (95% CI: 78.5%~89.2%), HEMiZ N
84.3% (95% CI: 79.1%~88.4%), FAMETRIMIE H 65.4% (95% CI: 54.3%~75.0%), FAMETRIME A 93.7% (95%
CI: 88.7%~96.5%). Bootstrap FEHIFE 1000 K5, 2l A 145 SR E N 0.015, KEIE AUC M 0.887
(95% CI: 0.842~0.935). ImIRIERIIERM AUC FIRZIE AUC 43514 0.846 (95% CI: 0.792~0.900)F1 0.842
(95% CI: 0.793~0.893); IIfi K - 8 e A AL U AUC I IE AUC 43 5114 0.926 (95% CI: 0.890~0.963)
H10.907 (95% CI: 0.873~0.943) . Mk B AT AER B AL )R A AUC #2151 0.025, DeLong il P=0.064.
B R AR AT E A 0.226, BUKEN 88.5%, HERFEN 82.3%, MR N 83.9%.

XAl R AL 2 Rl 3 Logistic [RIAREGIAT R A IA—b )5, SB= AR DTikHET W3 5 flE
3(b)o Wikl KAE > 10 mm W[EIEH REUR &, BN 100%; | ZEJE/JTEH . CDFI Af WL LA 5 F1 40T 0 52
B398 JEL (R RR S DT RRAR A 81.5% 77.9% 1 71.9%.0 1245 FAN T LR ik o A 70 o 45 A B 45 AR BA B Y 1)
FEXS ORIRAR S, AME AT B R TAMA SR BRI R AR 47

Table 1. Comparison of clinical and laboratory baseline characteristics and effect sizes between the two patient groups

F 1. RAREIRKS SN =ERLER RN B

G2t (nffﬁ o i'ﬁﬂ“"f ﬁfﬁ H:"ﬁ*fff WER GiR P

S 102 (43.2) 64 (36.6) 38 (62.3) SMD=0.53 y=11.17  <0.001
(R 49.8+11.7 463+104 59.8+9.0 SMD=134 =966 <0.001
BMI (kg/m?) 23.7+2.6 234423 24.6+3.1 SMD=0.47 (=286 0.005

T AR R B A R S 86 (36.4) 55 (31.4) 31 (50.8) SMD =040 4*=6.53 0.011
B PRI 42 (17.8) 25(14.3) 17 (27.9) SMD =034 y*=481 0.028
biViER T 65 (27.5) 38 (21.7) 27 (44.3) SMD =049 »*=10.42 0.001
GRS 90 (38.1) 49 (28.0) 41 (67.2) SMD=0.85 4*=27.84  <0.001
ALT (U/L) 27.7+11.6 259+10.8 329+123  SMD=0.62 (=396 <0.001
AST (U/L) 23.9+10.9 22249.0 28.9+140 SMD=0.64 (=354 <0.001

S BLTE (umol/L) 12.1+£4.6 11.4+4.1 14.1+54 SMD=0.60 ¢=3.59 <0.001
25 {5 A% (mmol/L) 53+0.7 52+0.7 5.7+0.7 SMD=0.71 t=5.39 <0.001
LDL-C (mmol/L) 2.9+0.7 2.8+0.7 3.1+0.7 SMD=0.43 (=337 0.001
CA19-9 (U/ml) — 8.9(6.4,11.4) 16.3(12.1,24.6) r=047 Z=7.17  <0.001

VE: RO X 5 B0 M (P25, P75), HEUA KA n (%), SMD MARHEILZE R CA19-9 S = Z/N Fmsif,
SR CA19-9 HrAE e i 4 4LIC S HER A 9, MORBIR.

Table 2. Comparison of conventional ultrasonographic features between the two groups

3 2. MEENBEFHELLR

o P ARFAE e A (=175 FEEHAm=61) WKW HEE GHE P&

I bk B K A% (mm) 85+2.7 13.7+3.7 t 10.12 <0.001
ik KA > 10 mm 47 (26.9) 49 (80.3) 27 51.40 <0.001
R AL 70 (40.0) 47 (77.0) P 23.38 <0.001
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| R/ TE R 26 (14.9) 35(57.4) 27 40.48 <0.001
RIMMAHNF 53 15 (8.6) 31 (50.8) Ve 48.79 <0.001

i Im] B A ml 40 (22.9) 27 (44.3) Ve 9.17 0.002

e [ 75 A R R R 52 (29.7) 41 (67.2) 27 25.09 <0.001
CDFI 7] LIl if (55 29 (16.6) 38 (62.3) Ve 44.29 <0.001
A1 30T JIH FE B 18 & (>3 mm) 12 (6.9) 26 (42.6) 27 40.23 <0.001
FLJEC %8 i (mm) 42+15 73+2.6 t 9.01 <0.001

i i H 0.8+0.2 1.2+04 t 7.59 <0.001

G EIR/ 4 49 (28.0) 41 (67.2) 27 27.84 <0.001

vE: CDFI MR 28 iR 815 .

Table 3. Multivariate logistic regression analysis of the pure ultrasound model and the clinical-ultrasound combined model

3. ABERESIERK - BERARENZER Logistic mYIASH

- A

=w ommemsy  GOORG e WETRST v
R (RN 10 %) — — — 2.33 (1.45~3.74) <0.001
Sk — — — 2.04 (0.86~4.84) 0.105
i KAE > 10 mm 1.461 431 (2.15~8.62) <0.001 3.73 (1.50~9.31) 0.005
TR/ T 1.190 3.29 (1.65~6.56) 0.001 2.51(1.01~6.21) 0.048
CDFI 7] LI f5 = 1.138 3.12 (1.54~6.31) 0.002 2.76 (1.12~6.84) 0.028
RISl [EE 255t S 1.051 2.86 (1.29~6.35) 0.010 2.15(0.71~6.52) 0.178
[SIEIGD=VE= 3-8 73 0.986 2.68 (1.33~5.42) 0.006 2.18 (0.91~5.25) 0.082
HUR AL 0.793 2.21 (1.10~4.44) 0.026 1.82 (0.72~4.60) 0.207
IR/ A 0.718 2.05 (1.02~4.12) 0.044 2.72 (1.12~6.58) 0.027

e DAERR YR A NS OR NLUEEL, CI ABEEXIA. IR - 7 BEE AY % THEUE 20U B 6 9] J i 44k

A E E .

Table 4. Individual routine ultrasound indicators and diagnostic performance and internal validation of different models

4. BIEMBFE IR R T EIEA RIS TR S PIERIEIE

Eip 0L il @ﬁ? Lﬁ:ﬁ? {&(ffi)% l(’};)\)’ 1?.,1/)0\)’ FWM AUC KIE AUC B E
ik iok#E >10mm 803 73.1 750  51.0 914  0.767 (0.708~0.827) — FH A
IR/ To 574 851 78.0 574 851 0.713 (0.645~0.780) — FH 14
CDFI 55 623 834 780 567 864 0.729 (0.662~0.795) — FH 14
I PRABE Y 73.8 829 805 60.0 90.1 0.846(0.792~0.900) 0.842 (0.793~0.893)  0.310
2l FE AR Y 83.6 846 843 654 937 0.902(0.858~0.946) 0.887 (0.842~0.935) 0.281

gk - FEAEEEA R 885 823 839 635 954  0.926(0.890~0.963) 0.907 (0.873~0.943)  0.226

: AUC NZ#EH TAERHE I ZE FTAR; PPV NPBHMETRINME, NPV NMIHTRIME. IGAREE G AL A s
HAVEFERL R AR > 10 mm. T3/ JE% . CDFL W] LIRS 5 ATUTIHBEREE R, w8 BRI . FRIR
IR A IR/ IR - MBS AL RIS 9N R AE & . Bootstrap FANFE 1000 YH b1 SRR I-AZ IE AUC,
FEIE AUC 1 95% CL R B Mgttt BEE RS540 B A R AUC Z£0 0.025, DeLong 556 P = 0.064.

DOI: 10.12677/acm.2026.1682873 996 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1682873

gkt 4

Table 5. Relative contribution ranking of variables in the logistic regression of the pure ultrasound model

= 5. AEBAEIREY Logistic B3 EHIEX ST HEF

8
AR KRR > 10 mm
IR/ T
CDFI 7] JL 5 =
A1 JH B 1
I 7 R R
BRI
&I/

B
1.461
1.190
1.138
1.051
0.986
0.793
0.718

FEXT TTER (%)

100.0
81.5
71.9
71.9
67.5
54.3
49.1

e

6
7

TE: A TTRRIZ Bk B x 100% 158, AU TR 2l 45 21 rh 4524 5 ] U R SO A KD, ANAEE () T2 B0 E )
PRARG SRR R

A ROCHIZERET(F= B AUCRKz95%CI

1.0 1

: 0.767
Z10mm - : ®— (0.708-0.827)
0.8 -
e
i
— T E=0.281 ¢ é 0.713
-~ =0. 1 )
0.6 - - BURES3.6% .- RE/ES ] i (0.645-0.780)
¢ HRAE84.6% :
i .
&
041 % - 0.729
COFIifn:A F——0— (0.662-0.795)
0.2 —e— >10mm AUC=0.767
- o - ["EE/XH AUC=0.713 H
—e — CDFIMf3# AUC=0.729 _ | ° 0.902
1 —_— B*‘S‘AU‘CL=0.902 R | (0.858-0.946)
0.0 1 . . . . . ; . . . . .
0.0 0.2 0.4 0.6 0.8 1.0 0.5 0.6 07 0.8 0.9 1.0 11
1-HRE AUC (95%Cl)

(A) =T 2B R ROC #1485 M A MR e T 5, (B) B —FRIR 548 AT AUC & 95% Cl. I
PRI, IRPR - 8 A B A A Y [ Bootstrap 152 1E 45 L3 4.

Figure 2. Comparison of the diagnostic performance of individual conventional ultrasound parameters and the pure ultrasound
model

B 2. BT AB AR R AR A S RS M AR LR
4. g

ARG, HHIURA T RO, R TR P I R R R e R . AT LI
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Figure 3. Multivariate Logistic regression results and relative contribution of variables in the pure ultrasound model
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Figure 4. Point-line comparison of detection rates of the main binary conventional ultrasound signs between the two groups
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