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Abstract

Objective: To develop and validate a clinical prediction model for determining the treatment modality
in patients with small bowel obstruction (SBO), and to evaluate its utility in stratifying patients for
surgical versus non-surgical management. Methods: This single-center retrospective cohort study en-
rolled 269 patients with confirmed SBO admitted to the Affiliated Hospital of Qingdao University be-
tween January 2022 and December 2025. Patients were randomly allocated using stratified sampling
into a training cohort (n = 188) and a testing cohort (n = 81). Baseline demographic data, laboratory
parameters, and routine abdominal computed tomography (CT) findings obtained at admission were
collected. The primary outcome was receipt of surgical treatment. Univariate and multivariate logistic
regression analyses were performed in the training cohort to identify independent predictors and
construct a clinical prediction model. Model discrimination was assessed using receiver operating
characteristic (ROC) curve analysis and the area under the curve (AUC). Results: Baseline character-
istics, including age, sex, body mass index (BMI), history of prior abdominal surgery, laboratory indi-
ces, and CT features, were comparable between the training and testing cohorts (all P > 0.05). Univari-
ate Logistic regression identified hematocrit, ascites, sex, small bowel wall thickening, beak sign,
whirl sign, C-reactive protein (CRP), and D-dimer as significantly associated with surgical intervention,
while a history of prior abdominal surgery showed borderline significance. Multivariate analysis re-
vealed that sex, CRP, and hematocrit were independent predictors of surgical management, with small
bowel wall thickening demonstrating borderline significance. A clinical prediction model incorporat-
ing sex, CRP, hematocrit, and small bowel wall thickening yielded an AUC of 0.884 in the training co-
hort and 0.892 in the testing cohort. Conclusion: The developed clinical prediction model exhibits ex-
cellent discriminative ability and stability for guiding treatment decisions in SBO. Sex, CRP, and hem-
atocrit emerged as key independent predictors.

Keywords

Small Bowel Obstruction, Clinical Prediction Model, Treatment Modality, Logistic Regression, CT
Findings

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

/Mg #sEBH (small bowel obstruction, SBO)& G2 4MEHH WA EDIRZS, FORFEE R, ImIR = itk
B, AP B TP A GRS SRS, AL R B AR T, DR AR 2R S A B )
BEYE[1]-[3].

I PRSI B Hh (1 DG B ) R AN R R AR AE A RE, B8 E AR AE IR T IR P 5 XU 43 2
W& HE SR IRITT S HERRFARTMHE X K W FRIBIER AL W, 2558 4T
IEALs I BE AR 2R 50 0T, AT Ry SRAS 2 1) F AR A% S AR I KRE [2]-[5] -
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CT &/ HEBE VAl v 5 B SR T Bz — - BREYS B BRI AL . S Tk AR B AT L B A,
I RTHRAE SMEAE . WEIRAE . /D EER R KUK S ARG R, AR R 878 DLW B i A fe i 1) 4
Wi LRI [6]-[12]. AT, (UEHM CT MER KIGIRE ST 4562, A DATE BT A B PR R e
— BRI -

IAESR, FSEREN /NGB RIG R VP2 RAARVE o I AR KU 73 E R T IE 80 2, (AR BRL By
KR WA BRI R 258 2 U BAE T RIFA 28, ZRESIIMFAE 2 5[ 7]-[14]. HUL[FIRS, TRIPOD
+ Al 5 PROBAST + Al Z54R & Al e PEAS HESE W3R 7R,  FUINB AL FEBR OGVE X 43 JE A, 3k B B A% W4
F 1EHAPE K AR EPE[15] [16].

BT, AT DA B K R Be B R 1/ A BE 8 5 e G, B R PR A JE A v o T
BEAL, IR VIR AR AP VPAN L e SRRk, DA 202 I R U SRS i o8 BT e M 2%
WA -

2. ZINEH*E
2.1. BAEHR

ASHIF 5 5% FH B A O [B] P BA B35 11 o [0 1 SR 2022 4F 1 H & 2025 4F 12 H & 5 RSB E R iios
TR RN L) B TR, SN SHERRbRETR L f, AN 269 Bl B3 . K0 ZRENLEL 7:3
E A5 11459 3)11 2442 188 13 Al ik 42 81 14l .

2.2. MANSHBRIRAE

WNARERTE: O CT Wik MaH 2 E g @ A5 5emiEas CT s H G TE, © 4h
JTIR IR EE R, @ ImRBTR e . HRERp LSS © BN REE: @ CT BEI™E, ik
JREEAHT O WKREAL; @ HFi/DT 18 ¥,

23 MRERSIEFEE

AU B Ji N B e 2677 7 30, BIR ARG BAR T ARG ST  ARYE 1 e IR sk brif 7 45 = 70 41
WRFARTIE N TARA, EZRTFIHIT R R SEEHF N ETARA . R EFH AR R B R R 5
Bl S BBURI R fEES. BMIL BRI TR 5L) . SEIR R IRFR(D- Rk CIRIMEH. HEH,
S ALY IR (N S b A U7 - N w21 - N RN ¢ N (A 9 N I A 21 D A I W &
M CT ARG (WAL BERAL. NZEEIIE . 7K).

24. ImFRIREE

CIIZREEAE NSRS, KR B PRI BOE N E, WA RRHTHRIR Logistic [l
S BT FESRIERS b, R BA Goith o BB I R R AR PRI 2 B3R Logistic [71J4 701, i fiar
FHRPIER, I8 A e i R T A AR

2.5. HEEN ST E SR

43 STE N ZR AR AR PR I AR AL T 8 e o SR 238 TAEREAE i 2% (receiver operating char-
acteristic curve, ROC) VMR AL X 43fE /7, LAHIZE T T #(area under the curve, AUC)E N EZEVEMN FE bR . 1T
BERAESHEREE, FEESHMEUINE + brEZERR, HRHBCRASIFEAR R AFE
AT AP A B (MU Ao, A ELECRH Mann-Whitney U 856, THECEREABIE (%) R, 411R]
LEBCRH 2k 3e 5% Fisher Ak 55 . Guit 204K H Python 58, WU P < 0.05 A% RA Guit ¥ L.
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3. &R
3.1 NEESMIAEEL AR LR

BTSN 269 Bl ¥, HrhFAR4L 201 B, AETFARAL 68 Bil. VIZkdk 188 4, MIul4e 81 fil.
AAEFR . BMIL RG] BEERE AR seie s finbs LML CT AR &5 T3 i 22 8 B 4e it AR (B P>
0.05), #Rsr = RIS P2 IR 2 B3 R A B R s (4 1),

Table 1. Comparison of baseline data between the training set and the test set

= 1 IGESMKERELERIER

A 4 (n = 188) MREE (n = 81) giit i P&

BMI (kg/m?) 20.80 (18.70, 23.10) 20.60 (18.38, 23.23) Z=0.128 0.899
(%) 65.50 (55.00, 72.00) 61.02 + 15.96 Z=-0.954  0.340

D- %44 (ng/mL) 670.00 (422.50, 1197.50) 590.00 (402.50, 987.50) Z=-1349 0178
CRP (mg/L) 15.14 (3.89, 47.94) 10.44 (1.73, 56.54) Z=-1.033  0.302
hematocrit (%) 41.60 (38.10, 50.52) 48.00 (39.40, 51.20) Z=1514 0.130
el 5 113 (60.1%) 49 (60.5%) %% =0.000 1.000
REAEIE A H 82 (43.6%) 42 (51.9%) =1.231 0.267
LML 45 (23.9%) 18 (22.2%) 22 =0.022 0.883
ERAE: H 32 (17.0%) 19 (23.5%) 72 =1.136 0.287
NGEESEE: 77 (41.0%) 29 (35.8%) ¥»=0.433 0.511
fEK: A 79 (42.0%) 28 (34.6%) £#=1020 0312
outcome: FAR 140 (74.5%) 61 (75.3%) 2% =0.000 1.000

E: FEEEIESSE UME + EERR, HRIWBCRAM AR tIEK; ARFE ESS A CLR AL Z (0 447
B)FRow, HIMLLESRH Mann-Whitney U #6568 T80k DLBIEL(%) K 7w, HIEELBCRF @ #5688 Fisher #f A 36 o
P<0.05 AZERARIIFE L.

32. FRESEFAREELZENLLR

EAMPNEF T, FRASIEFRALE D-FMA&. CRP. hematocrit. P51 BEAENEEEFA L LKL
BMEAE. WERAE. /NZEESE R BOKERE T ZE S BA S5 (P <0.05), i BMI. F#%. ALB.
WBC. NE. LN. PLT. Hb f1 PCT &5t R LG 1T % X (WE 2).

Table 2. Comparison of baseline data between the surgical group and the non-surgical group

F 2. FARESEFAERELERELE

65 FARY(n=201) JEF AL (n = 68) it P1H
BMI (kg/m?) 20.60 (18.40, 23.10) 2118 £3.11 Z=0.739 0.461
(%) 66.00 (55.00, 73.00) 61.50 (53.75, 71.00) Z=-1321 0.187
D-— % 4% (ug/mL) 695.00 (426.00, 1311.00) 530.00 (400.00, 850.00) Z=-2.469 0.014
CRP (mg/L) 16.48 (3.86, 70.89) 7.35 (2.63, 31.23) Z=-2718 0.007
hematocrit (%) 49.10 (39.90, 51.50) 38.60 (36.30, 40.35) Z=-7918 <0.001
ol 5 133 (66.2%) 29 (42.6%) 2 =10.774 0.001
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AT FAE: A 102 (50.7%) 22 (32.4%) 72 =6.198 0.013
BHBEE: A 58 (28.9%) 5 (7.4%) 72 =11.928 <0.001
WERRAE: A 49 (24.4%) 2 (2.9%) % =13.834 <0.001

NEE R 92 (45.8%) 14 (20.6%) 72=12.461 <0.001
MK: A 95 (47.3%) 12 (17.6%) 22 =17.389 <0.001

FRG RN, SRR MBIRAEFEE . BRI T A 8 DL T3/~ il ™ H A2 CT 1iE S,
AT e /N i PR AR B 29897 77 SAFAE BN B VI DR
3.3. EERS5ZER Logistic VA5

PLIIZRgE Rtk AT B R & Logistic V343 #7 )5, hematocrit. JE/K. YRR, /NZEERE . SBEAE.
CRP. JBAAE M D- =R EFARIGITHR, AT FAR R 2UGFIT =R L K PR TEMANE HE
Logistic [EJA53#7 /5, sex. CRP A hematocrit Tl F AT MSIAHRE R, /NgpRERS AR ik
Gaiit R (W 3).

Table 3. Univariate and multivariate Logistic regression analysis of the training set

3. NEERRRESZEFE Logistic @A Hr

By FA[HZ OR (95% CI) P{H Z A& OR (95% CI) P&

sex 0.361 (0.184~0.707) 0.003 0.225 (0.089~0.569) 0.002

CRP 1.014 (1.003~1.025) 0.009 1.020 (1.006~1.035) 0.006

hematocrit 1.276 (1.171~1.390) <0.001 1.287 (1.167~1.419) <0.001
D- - E ik 1.001 (1.000~1.001) 0.038 — —
REAE RSB F A 5 1.784 (0.899~3.541) 0.098 — —
5 AT 4.556 (1.537~13.500) 0.006 — —
WA AE 6.273 (1.439~27.340) 0.014 — —

Small bowel wall thickening 3.000 (1.416~6.354) 0.004 2.731 (0.953~7.831) 0.062
IEK 5.145 (2.247~11.778) <0.001 — —

3.4. ImAREEHEEITM
T sex. CRP. hematocrit & Small bowel wall thickening #J £l &AL, ROC 73 Mr 4 5 BoR, %k

B AUC y 0.884, 7EMIRAEH AUC Jy 0.892, RN HABIF X /rae )1, JFAEANHR
Bk R I H B I AREE (L4 4)

Table 4. Evaluation of the efficacy of clinical prediction models
= 4. IR TR BT BTN

T AR S AUC
I PRAZ Y VIR 0.884
Il PRAZ Y MR 0.892
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4. ¥1ig

AT Sl PR AS B A T /N BRI T 7 AT Y . 25583 8H, FE T4, CRP. hematocrit /¢
/N 1 JEL g ST AR AR E Y ZREE AN AR R A AUC 23510 0.884 AT 0.892, FRZRANAMK N e - 11 vl 3845
MR B CT (505, IRt SEOLBON P SRERI AR 732 o 1X— R I U4 56 TR/ i 15 BEL I PR P
SRR ATI B T SR TT ) — 8, BIEERZ s, B T SR A ] R I R AL &, AT
SR SRR T YR IR [3]-[5] [13] [14]-

TEMAL AR ZH, CRP Fl hematocrit 35 7~ H e 2 BTG AE FH . CRP eyl i $ 7 98 Js )37 B
NIEER, FTRES A RE K SRR L) Z AT IR BE A D% 1 hematocrit T WIFE — B FEEE BRI T M
K MR AE S REE RS B, 3k A B 3R RL A LT 1 o B A AR . S AR ROR,  SORE Bk
MAHARARAE FIWT R VR TT RIS FARTF R EAG — €S HME, HEANEAREAA L LLE ifa g 4
2, FEETLABRB RN CAERE . Ak, B FE AP A N B AR, B SR SRR A B 22 S 7 T R
SCMRIT A5 R . TR BRI, MERIA B R B ARRAERE ™ AL T, T AT e R S I R R I 22 S
B RFEbR . CAEPFFIRR, /N AR A [V 5 A 5 AL A 78 4 — 3, 2otk LT R R
FHOGARERE, 17 55 4 D0 B8 5 H SR SRR BEL s 17k 2 A5 BEL B W e e B R, 78 BRI A IR T R 9B AIE, A
AEGTHS E A RER DN B B 2 FARRIT MR Em . A— T, X—ZRIN AR SR L.
SRR SZRERE R A I IR IR A . BT AR FE R — 20 70 2 MR Rl . R 2 it 2 i [) R ik
FEMEFRRE, HOWBY B AN RRRE M AR RN ARE AR R R R R, EE AR AR T
i RS PR BB RR R, JR 80 45 A TR 2445 BT R — 2P IE

AWFFCIERIL, WAL WERAE . /NI R R K S5 CT iE RN E T 5FRIBITRE
M. Hr, NpEEEEEZ N RN PR FFLG ST E R WG RIS IR AR & 2 [0 7] REf7
TE— A Ho WA IC T PRARK M A BELAN i B it JXURS: (RO BFF 7S 3R B, CT AE 0t 1R 50 7™ H 3 H ok F B A 51 L4y
B, HE—MEREAFANBE PRI TS, Rk stk CT (F BNIGIR LS, R
G B AR SR EHE SN LSS E[6] [9]-[11].

AT R, AHIE TR 2 I PR ZE IR AE ) AUC B = TR SR, 3R 2 R R I B
Mt A i, PRI IESS REBCNRRE . X — IR UL, TG B E R AR R, TR
FEABEARATIE T, TR EERMES T RHEGRI2MRNH . WITEFMEE, TS
FOAAN T X 53 FEAS B , 30 N B AR AR B P SRAGE B RS € 1 Aol & & W 2 TRIPOD + Al Al PROBAST
+ Al FREERR 5 5 PPANAELZE , T B 7L i T S5 AR B A LS5 % = L [15] [16]. R A AIR I
HYT B X 43 e 77, AH LI PR S F AT 75 45 A BARRE 1 — 2D VAl . 2407 3 24ty T ROC ffiZk )z AUC,
iy A 308 Tok e 5 i 208 2 A B A ASE R AN ] SRR B (34 R 2, R T TR A 28 45 thHE 22 1 S (2 T )
MR LT B R . KSR, R, FEBUMEL, AR EE A A BI R B T, AR BB
PRy A g ST B ARG R SR B E bR i o J5 S0 70 AT AE I 2R 5 TR 22 56l 455 Youden FBE(EIGIR
R -SRI 2 A, R — 2P d i e 5 i 4 23 W SR U AR B AR AN ] (REL Y Bl o ) S AN, DABR s
TE RS s b AT R I 5 AT St .

AR FEARAAAE— SR &5, ARWFFEN BRI BPERE 7T, 3 DL e 4 38 G dd B a3 AVE B IR £ o
HWR, BEAREARAMR, Rl MR BN, A2 A RE JT TR IR AN o FRIR, A
DA 29097 )7 NAE NS R, PTREZ BIIRPR PSR 22 s, FEA e 255 R TR WU B ™ E AR RS, R 4727
—E A St . MEAL, CAETRE T R B R T AL X A FE R IR, MR — A A SR 2R b HE
FEBVE ARG, PR ) B SR PR R 2 A A Rt — DA . G SR AN RAEE KA. 20
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BABUSERS |-, S5O iR 200 2 B AL S AN ERBeAIE, E— b A 0 1% B8 (1) m] 3RS MRS F VG L
5. &g

(1) ZFHE5). CRP. hematocrit & Small bowel wall thickening 4% f Il (5 B PRI, 6/ it
BRI T 77 SRA B X 20 BE I AR E

(2) FEABTFEBAFIS, sex. CRP K hematocrit T T ARIGST FIMSLARRIEIZK, /NBEsy 8 2%
grit 2 E Lo

(3) LANBE S IR BURERI S KL CT AL GO RETT R A AL PP A, A S D9 /N FEL B8 2 i T DSk B
P EAE IS5 1 .

SIEFSER
AT CIRIF T 5 K F I 8 e B R 24 A0 3 S & E (LS . QYFYWZLL50037).
& H

TiH 4% Linc00665 3% 41454 miR-126-5p 1% Wnt/B-catenin i % 2 5 45 B W 12 28 S FE 72 11 0y
THURIREFT; TiH Y5 320.6750.2022-18-21.
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