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Development of a risk warning system for intestinal necrosis in elderly incarcerated hernias: A neural
network model integrating biological indicators Treg/Th17 and clinical indicators
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[Abstract] Objective A neural network model was established by integrating biological indicators such as regulatory T cells
(Treg) and helper T cell 17 (Th17) with clinical indicators, providing personalized predictions for elderly patients at high risk of
intestinal necrosis due to incarcerated hernia. Methods 140 elderly patients with incarcerated inguinal hernia who visited our
hospital from January 2023 to January 2025 were selected as the research subjects, with 95 males and 45 females. The age ranged from
65 to 83 years, with an average age of (74.6£8.2) years. According to the presence or absence of intestinal necrosis during operation,
the patients were divided into non-intestinal necrosis group (n=88) and intestinal necrosis group (n=52). The clinical data of the two

groups were collected and compared. The least absolute shrinkage and selection operator (LASSO) regression method was used to
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screen the influencing factors of intestinal necrosis in elderly incarcerated hernia. Logistic regression analysis was employed to identify
the risk factors for intestinal necrosis in elderly incarcerated hernia. The total sample (n=140) was divided into a training set (n=98)
and an internal validation set (n=42) in a 7: 3 ratio using the random number generation method of the computer. The back
propagation (BP) neural network model was constructed using Python 3.6 on the training set. Using R software (version 3.5.3) in
conjunction with the rms package, a calibration curve was drawn to evaluate the consistency between the predicted probabilities of the
model and the actual occurrence probabilities. The receiver operating characteristic (ROC) and the area under the curve (AUC) were
used to assess the predictive efficacy of the model. The clinical net benefit of the model at different threshold probabilities was
evaluated using decision curve analysis (DCA). Results (1) Oral anticoagulant history, abdominal surgery history, incarceration
history, incarceration type, incarceration time, D-dimer, neutrophil count (NEUT) and Treg/Th17 were risk factors for intestinal
necrosis in elderly patients with incarcerated hernia (P<0.0S). (2) Treg/Th17 had the highest contribution to model classification,
followed by D-dimer, impaction time, impaction type, NEUT, impaction history, oral anticoagulant history, abdominal surgery
history. The predicted probabilities in the training set and the validation set were highly consistent with the actual probabilities (Brier
score=0.073, 0.075), suggesting good model calibration. The prediction accuracy of the BP neural network model in the training set
was 94.21%, with an AUC of 0.913 (95% CI 0.821-0.965, P<0.001). The prediction accuracy in the validation set was 90.45%, with an
AUC of 0.896 (95% CI 0.815-0.957, P<0.001), the accuracy of this model is very good. DCA analysis showed that the model had high

clinical value. Conclusions

intestinal necrosis in elderly patients with incarcerated hernia.

The neural network model based on Treg/Thl7 fusion has a high predictive value for the risk of
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Tab.1 Comparison of general data of two groups of elderly patients with incarcerated inguinal hernia

UiEl TEHAIRFELH (n=88) THIRFELH (n=52) L/t P
A (S, %) 75.02+7.86 73.79+7.93 0.890 0.375
P (451 (%) ] 0.412 0.521
5 58(65.9) 37(71.2)
& 30(34.1) 15(28.8)
BMI(kg/m? x+s) 23.24+1.71 23.75+1.89 1.597 0.112
L& (YK /min, x+s) 87.22+4.82 88.71+4.86 1.758 0.081
SIS (mmHg, xts) 121.03+5.63 122.36+5.55 1.363 0.175
&7 ik HE (mmHg, %+s) 86.73+4.51 85.64+4.45 1.138 0.257
W s (671 (%) ] 0.121 0.728
i 23(26.1) 15(28.8)
A 65(73.9) 37(71.2)
R 52 (451 (%) ] 0.136 0.712
7 21(23.9) 11(21.2)
B 67(76.1) 41(78.8)
Wi bR (51 (%)] 2.372 0.124
¥ 35(39.8) 14(26.9)
H 53(60.2) 38(73.1)
e I S [461] (%) ] 0.487 0.485
J 32(36.4) 22(42.3)
A 56(63.6) 30(57.7)
Fe LA 52 (451 (%) ] 0.042 0.838
g 54(61.4) 31(59.6)
e 34(38.6) 21(40.4)
R BE B2 (451 (%) ] 23.105 0.001
o 71(80.7) 28(53.8)
f 17(19.3) 24(46.2)
JEFR A S [451)(%)] 6.838 0.009
7o 75(85.2) 36(69.2)
¥l 13(14.8) 16(30.8)
PEEAEAL (51 (%)) 5.729 0.017
7 71(80.7) 32(61.5)
B 17(19.3) 20(38.5)
JAEBE 51 (%) ] 32.731 <0.001
T 59(67.0) 10(19.2)
£ 29(33.0) 42(80.8)
RS [ (%) ] 3.860 0.049
<21 78(88.6) 37(71.2)
221K 10(11.4) 15(28.8)
FRABZE R[5 (%) ] 14.066 <0.001
AH 50(56.8) 17(32.7)
IR0 9(10.2) 5(9.6)
ik 29(33.0) 30(57.7)
RS E] (471 (%) ] 21.977 <0.001
<12h 73(83.0) 25(48.1)
>12h 15(17.0) 27(51.9)
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Tab.2 Comparison of laboratory indicators between two groups of elderly patients with incarcerated inguinal hernia (x+s)

Ei=tan TeHASRAE4] (n=88) JAIRFEL (n=52) t P

WBC(x10°/L) 7.23+1.22 9.71£1.75 9.002 <0.001
CRP(mg/L) 4.18+1.02 17.89+3.46 27.831 <0.001
D-—H{& (mg/L) 0.16+0.04 0.52+0.18 14.197 <0.001
Fib(g/L) 3.7840.72 3.94+0.85 1.137 0.257
PT(s) 11.65+1.27 11.82+1.24 0.777 0.439
APTT(s) 29.49+3.36 29.18+3.41 0.523 0.602
PLT(x10°/L) 170.87+28.95 174.25+31.06 0.638 0.525
NEUT(x10°/L) 5.29+1.43 8.43+2.02 9.840 <0.001
W AN 4 (x10°/1) 1.34+0.21 0.78+0.15 18.338 <0.001
NLR 3.95+0.88 10.81£1.73 31.061 <0.001
Treg/Th17 H(H 2.40+0.42 4.1840.71 16.444 <0.001
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Tab.3  Analysis of influencing factors for intestinal necrosis in elderly incarcerated hernia cases

A B SE Wald OR 95%CI P
FIIRBTEER L (F7=1,75=0) 1.220 0.228 28.632 3.387 1.934~4.716 <0.001
JE BT A 5 (F=1,76=0) 1219 0.243 25.165 3.383 1.945~4.784 <0.001
B S (5 =1,J6=0) 1.246 0219 32.370 3.475 1.967~4.852 <0.001
BT (Beiti=1,3E JBoTi=0) 1.279 0232 30.392 3.594 2.058~4.883 <0.001
AT A] (>12 h=1,<12 h=0) 1.299 0.224 33.630 3.667 2.156~4.871 <0.001
D- %4 (>0.30 mg/L=1,<0.30 mg/L=0) 1313 0211 38.723 3718 2.214~5.002 <0.001
NEUT(>7.00x10°/L=1,<7.00x10°/L=0) 1263 0.237 28.299 3.535 2.101~4.826 <0.001
Treg/Th17 HH(>3.30=1,<3.30=0) 1.333 0.246 29.362 3.792 2.327~4.975 <0.001
NEUT. SRR A4 Treg/Thi7 bUAE. 835V T 4l /4 Bk T 4if 17 Lo
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Fig.2 BP neural network model and its trend chart of iteration and the changes in accuracy and output loss
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