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Risk Factors of Early Withdrawal of Pump and Establishment and
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ABSTRACT Objective: To investigate the risk factors of early withdrawal of pump in patient-controlled analgesia (PCA) after
surgery and to construct a nomogram prediction model. Methods: A total of 2517 surgical patients who received PCA between July 2019
and May 2021 were enrolled, and then randomized the eligible patients into training group (n=1773) and validation group (n=744) with a
ratio of 7:3. The Least Absolute Shrinkage and Selection Operator (LASSO) method was used to screen the characteristic variables in the
training set, and multifactorial logistic model was used to select independent risk factors that were associated with outcomes. Akaike
Information Criterion (AIC) was used to evaluate the model fit, and the nomogram of PCA early withdrawal was further constructed. In
the training and validation sets, Receiver Operation Characteristic curve (ROC curve), calibration curve and Brier score were used
to evaluate the prediction efficiency of the nomogram. Results: Nine independent risk factors and one related factor related to early pump
withdrawal were used to construct a nomogram for predicting early withdrawal of pump after PCA. The area under the curve (AUC) of
the training set was 0.880 (95 % CI : 85.87 % -90.16 %), and the AUC of the validation set was 0.888 (95 % CI: 85.55 % -92 %). The
calibration curves of the training set and the validation set were tested by Hosmer-Lemeshow good of fit test. The P values were 0.004
and 0.228, and the Brier scores were 0.018 and 0.016, respectively. Conclusion: The nomogram we established has an ideal discrimina-
tion and calibration, which can provide a certain reference value for predicting the high-risk population of early withdrawal of pump in
PCA after surgery.
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Table 1 General clinical data

Variables Training group(n=1773)  Validation group(n=744) t/x* value Pvalue
Gender[n(%)] 2.160 0.142
Male 709(40.0%) 321(43.1%)
Famale 1064(60.0%) 423(56.9%)
Age[Years, M(()] 52(31) 53(30) 2.593 0.926
Body mass index(BMI)[kg/m?, M(()] 24.2(5.1) 24.5(5.6) 0.627 0.078
Surgery type[n(%)] 0.091 0.790
Cardiovascular 52(2.9%) 24(3.2%)
Thoracic surgery 253(14.3%) 107(14.4%)
Obstetrics 298(16.8%) 119(16.0%)
Gynecology 94(5.3%) 31(4.2%)
Orthopaedics 523(29.5%) 216(29.0%)
Gastrointestinal 257(14.5%) 109(14.7%)
Hepatology 91(5.1%) 38(5.1%)
Pancreas 43(2.4%) 25(1.4%)
Urinary 106(6.0%) 55(7.4%)
Others 56(3.2%) 20(2.7%)
Operation history[n(%)] 0.000 0.987
Yes 588(33.2%) 247(33.2%)
No 1185(66.8%) 497(66.8%)
Past history[n(%)] 0.017 0.895
Yes 419(23.6%) 174(23.4%)
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No
Personal history[n(%)]
Yes
No
Hepatitis[n(%)]
Yes
No
Anesthesia[n(%)]
Total intravenous
Combined spinal and epidural
Analgesic pathway[n(%)]
Intravenous
Erector spinalis
Opioids[n(%)]
Yes
No
Non-steroidal substances[n(%)]
Yes
No
Sedatives[n(%)]
Yes
No
local anesthetic drugs[n(%)]
Yes
No
Cyclic stabilization[n(%)]
Yes
No
Clear consciousness[n(%)]
Yes
No
Hoarseness[n(%)]
Yes
No
Dizzy[n(%)]
Yes
No
Fever[n(%)]
Yes
No
Sorethroat[n(%)]
Yes
No

Nausea[n(%)]

1354(76.4%)

178(10.0%)

1595(90.0%)

32(1.8%)
1741(98.2%)

1499(84.5%)
274(15.5%)

1769(99.8%)
4(0.2%)

1763(99.4%)
10(0.6%)

1756(99.0%)
17(1.0%)

67(3.8%)

1706(96.2%)

8(0.5%)
1765(99.5%)

1751(98.8%)

22(1.2%)

1719(97.0%)
54(3.0%)

22(1.2%)
1751(98.8%)

14(0.8%)

1759(99.2%)

21(1.2%)
1752(98.8%)

27(1.5%)

1746(98.5%)

570(76.6%)

64(8.7%)

680(91.3%)

19(2.5%)
725(97.5%)

638(85.8%)
106(14.2%)

740(99.5%)
4(0.5%)

739(99.3%)
5(0.7%)

733(94.7%)
11(5.3%)

32(4.3%)

712(95.7%)

5(0.7%)
739(99.3%)

737(99.1%)

7(0.9%)

716(96.2%)
28(3.8%)

8(1.1%)
736(98.9%)

4(0.5%)

740(99.5%)

5(0.7%)
739(99.3%)

12(1.6%)

732(98.4%)

1.246

1.481

0.595

1.611

0.103

1.287

0.378

0.497

0.414

0.857

0.122

0.469

1.346

0.028

0.317

0.264

0.224

0.440

0.204

0.748

0.258

0.539

0.481

0.520

0.355

0.727

0.494

0.246

0.867

0.573
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Yes 312(17.6%)
No 1461(82.4%)
Vomit[n(%)]
Yes 227(12.8%)
No 1546(87.2%)
NRS_one[points, M((Q)] 3(1)
NRS_two[points, M((Q)] 2(2)

Patient factor[n(%)]
Yes 95(5.4%)
No 1678(94.6%)
Nursing factor[n(%)]
Yes 42(2.4%)
No 1731(97.6%)
Physician factor[n(%)]
Yes 10(0.6%)
No 1763(99.4%)
Equipment factor[n(%)]
Yes 13(0.7%)
No 1760(99.3%)
Early withdrawal of pump[n(%)]
Yes 418(23.6%)
No 1355(76.4%)

124(16.7%)

620(83.3%)

0.455 0.500
88(11.8%)
656(88.2%)
3(1) 0.356 0.935
2(2) 0.416 0.984
0.287 0.592
36(4.8%)
708(95.2%)
0.572 0.450
14(1.9%)
730(98.1%)
0.007 0.935
4(0.5%)
740(99.5%)
0.904 0.342
3(0.4%)
741(99.6%)
2.710 0.100
153(20.6%)
591(79.4%)
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Table 2 Multivariate Logistic regression analysis results of early withdrawal of pump

Variables B Wald x? value P value OR (95% CI)
Clear consciousness -1.345 -2.956 <0.001* 0.133(0.063~0.828)
Cyclic stabilization -1.062 -1.436 0.026* 0.346(0.132~0.756)

Dizzy 1.149 1.258 0.011* 1.254(1.105~2.135)
Nausea 1.205 1.448 0.004* 1.188(1.043~2.315)
Vomit 1.429 2.476 <0.001* 3.351(1.729~7.285)
NRS_one -0.063 -0.878 0.380 0.939(0.813~1.08)
NRS_two -0.312 -3.3 <0.001* 0.732(0.606~0.879)
Patient factor 3.536 4.459 <0.001* 89.709(15.508~546.38)
Nursing factor 1.152 1.508 0.001* 1.865(1.445~5.005)
Physician factor 1.909 2.558 <0.001* 8.840(4.079~32.03)

Note: *was P<<0.05.
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