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[Abstract] Objective To develop and validate a risk prediction model for moderate-to-severe complications
associated with peripheral venous catheters (PVC) in older patients, and to provide evidence for precision-based clinical
prevention and management. Methods In this prospective cohort study, the clinical data of 750 older patients who
underwent PVC placement for intravenous therapy between November 2023 and September 2024 were collected. Patients
were stratified and randomly assigned to a training set (n = 526) and a test set (n = 224) at a ratio of 7 : 3. Independent
risk factors for moderate-to-severe PVC-related complications were identified by univariate and multivariate logistic
regression analyses. A total of 4 predictive models were established—binary logistic regression (BLR), support vector
machine (SVM), random forest (RF), and naive Bayes (NB). Model discrimination was assessed using the area under the
receiver operating characteristic curve (AUC) and DeLong test. Model calibration was evaluated by calibration curves.
Clinical net benefit was determined using decision curve analysis (DCA). Shapley additive explanations (SHAP) were used

to visualize and interpret feature importance in the models. Results According to multivariate logistic regression
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analysis, functional status (mild dependence: odds ratio [OR] = 1.361, 95% CI: 1.031-1.802; moderate dependence: OR =
1.992, 95% CI: 1.291-3.061; severe dependence: OR = 3.060, 95% CI: 1.700-5.512), infusion extravasation (OR = 8.998,
95% CI: 4.286-18.887), the clinical department the patient was admitted to (Gastrointestinal Surgery: OR = 28.396, 95%
CI: 7.537-106.990; Pancreatic Surgery: OR = 5.258, 95% CI: 1.177-23.499; Pancreatitis Center: OR = 5.974, 95% CI: 1.287-
27.725), primary school or less formal education (OR = 2.525, 95% CI: 1.158-5.506), drinking history (OR = 1.970, 95%
CI: 1.011-3.838), the edges of the dressing being curled up (OR = 1.458, 95% CI: 1.150-1.848), and the number of
comorbidities (OR = 0.893, 95% CI: 0.821-0.972) were identified as independent risk factors for moderate-to-severe PVC-
related complications in older patients, while 16G-22G catheters were identified as an independent protective factor (P <
0.05). Validation in the test set revealed that the RF model yielded the highest AUC value (0.891, 95% CI: 0.840-0.942).
According to the DeLong test, the discrimination performance of the RF model was significantly superior to those of the
BLR model (AUC = 0.808, 95% CI: 0.738-0.879) and the SVM model (AUC = 0.842, 95% CI: 0.774-0.909) (P < 0.05).
SHAP analysis revealed that infusion extravasation, functional status, and the clinical department into which the patient
was admitted were the top 3 features of the RF model. DCA showed that the RF model provided significant net clinical
benefit within the threshold probability range of 0-0.8. Conclusion In this study, an RF prediction model for moderate-
to-severe PVC-related complications in older patients was successfully developed and validated. The RF prediction model

demonstrates excellent discrimination and high clinical applicability, enabling early identification of high-risk patients
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and informing precision-based clinical interventions.
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®1 NEEBEPVCHEEIREN % EKlogisticE H EYIRH ( n=526)

Table 1 Multivariate stepwise logistic regression analysis of moderate-to-severe complications in patients with PVC in the training set (n = 526)

Factor B SE Wald P OR (95% CI)
Functional status (Fully independent) 16.038 0.001

Mild dependence 0.310 0.140 4.890 0.027 1.361 (1.031-1.802)

Moderate dependence 0.690 0.220 9.862 0.002 1.992 (1.291-3.061)

Severe dependence 1.120 0.300 13.951 <0.001 3.060 (1.700-5.512)
Infusion extravasation (No) 2.197 0.378 33.720 <0.001 8.998 (4.286-18.887)
Department (Trauma Surgery) 37.176 <0.001

Gastrointestinal Surgery 3.346 0.677 24.446 <0.001 28.396 (7.537-106.990)

Pancreatic Surgery 1.660 0.764 4.722 0.030 5.258 (1.177-23.499)

Pancreatitis Center 1.787 0.783 5.210 0.022 5.974 (1.287-27.725)
Nutritional risk (No) 0.684 0.356 3.684 0.055 1.981 (0.986-3.983)
PVCs type (24G) 8.695 0.069

16G —1.393 0.686 4.123 0.042 0.248 (0.065-0.953)

18G —2.114 0.944 5.019 0.025 0.121 (0.019-0.768)

20G —4.881 0.811 36.098 <0.001 0.008 (0.001-0.048)

22G —0.377 0.816 5.489 0.019 0.148 (0.030-0.732)
Catheter indwelling time —0.329 0.176 3.497 0.061 0.720 (0.510-1.016)
Formal education (Junior-college and bachelor degree) 11.808 0.019

Primary education or below 0.926 0.398 5.420 0.020 2.525 (1.158-5.506)
Drinking history (No) 0.678 0.340 3.973 0.046 1.970 (1.011-3.838)
Dressing edge curling (No) 0.377 0.121 3.592 0.038 1.458 (1.150-1.848)
Number of comorbidities” —0.113 0.043 6.914 0.009 0.893 (0.821-0.972)

[: partial regression coefficient; SE: standard error; OR: odds ratio. - Continuous variable.
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Fig 1 Receiver operating characteristic curve for predicting moderate-to-

3 Wi
severe PVC-related complications in older adults in the validation set
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BLR: binary logistic regression; NB: naive Bayes; RF: random forest; SVM: PVCIE % /q: EE Iz)li ‘%‘ % ﬁﬁt%ﬂﬂ( {H {‘T— N - Bjij:;/ N )FH
support vector machine; AUC: area under the curve. ij{r‘ Zi ﬁ B llﬁi EIE }F‘ i )ﬁ Xﬁ:‘ . % E'E 1‘%\ % I % §$ ‘lﬁ ‘/}ﬁ
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Fig 2 Calibration curve for predicting moderate-to-severe PVC-related complications in older adults in the test set
BLR: binary logistic regression; NB: naive Bayes; RF: random forest; SVM: support vector machine.
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Catheter indwelling time
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Number of comorbidities
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Fig 3 SHAP feature importance plot for RF predictive model for moderate-to-severe PVC complications in elderly patients

The values beside each bar indicate the mean absolute SHAP value of the corresponding features.
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