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Development of a nomogram model for delayed extubation after arthroplasty

under general anesthesia
Wang Siqi, Chen Daiyu, Li Jiaoni, Cao Jun”
( Department of Anesthesiology, First Affiliated Hospital of Chongqing Medical University, Chongqing 400016, China)

[ Abstract] Objective To investigate the influencing factors of delayed extubation after arthroplasty under general anesthesia and
develop a nomogram model. Methods A retrospective analysis was performed of the electronic medical records of 377 elderly patients
with hip or knee arthroplasty under general anesthesia from January 2016 to December 2020. According to whether the extubation time
of tracheal catheter exceeded 1 h, the patients were divided into normal group (n=297 ) and delayed group (n=80). R Vision 3. 6. 1
and SPSS statistics 25. 0 were used for data analysis. Depending on data type, ¢ test, Mann-Whitney U test, X* test or Fisher's exact
probability method were used for comparison between groups. Multivariate Lasso regression analysis was used to screen the risk factors
of postoperative delayed extubation, and a nomogram was developed and validated. Results Multivariate Lasso regression analysis
showed that being aged, hyperlactacidemia, and coefficient of variation ( CV) were positively correlated with delayed extubation in
arthroplasty (OR>1; P<0.05), and correction of hypokalemia and intraoperative blood glucose control (final blood glucose <8.3 mmol/L)
were negatively correlated with delayed extubation (OR<1; P<0.05). A nomogram was developed, and Harrel’s C-index [ the area under the
receiver operating characteristic curve (AUC) , 0.800, 95%CI 0.745-0. 854) and Hosmer-Lemeshow deviation test (X* =3.000; P=0.600)
confirmed good prediction efficiency of the model, with stable internally validated AUC value and calibration curve. The decision curve
of the model showed significant net benefit and good clinical practicability. Conclusion Being aged, hyperlactacidemia, and CV were
independent risk factors for delayed extubation after arthroplasty, while correction of hypokalemia and blood glucose control were protective
factors. The nomogram is of high clinic reference value for delayed extubation.
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Table 1  Comparison of baseline data and perioperative indexes between two groups
Item Normal group(n=297) Delayed group(n=80) P value
Agel years, M(Q,, Q5] 80.0(71.0,85.0) 85.5(79.0,91.0) <0.001
Male[ n(%) ] 127(42.76) 35(43.75) 0.975
BMI[ kg/m?, M(Q,, 03)] 22.4(20.0,24.4) 21.1(19.4,24. 1) 0.067
Smoking[ n(%) ] 27(9.09) 1(1.25) 0.033
Alcohol drinking[ n( %) ] 18(6.06) 3(3.75) 0.586
Poorly controlled hypertension[ n( %) ] 146(49. 16) 50(62.50) 0. 046
Diabetes mellitus[ n( %) ] 72(24.24) 22(27.50) 0.651
Coronary heart disease[ n( %) ] 49(16.50) 12(15.00) 0. 280
Arrhythmia[ n(%) ] 135(45.45) 30(37.50) 0.252
Cerebrovascular disease[ n( %) ] 30(10.10) 13(16.25) 0. 181
Anemia[ n(%) ] 16(5.39) 5(6.25) 0.784
Chronic respiratory disease[ n( %) ] 18(6.06) 4(5.00) 1. 000
Preoperative laboratory and cardiac ultrasound index|[ n( %) ]
Normal HB 270(90.91) 70(87.50) 0. 485
WBC 0.244
Low 14(4.71) 6(7.50)
Normal 255(85.86) 63(78.75)
High 28(9.43) 11(13.75)
LY 0.013
Low 137(46.13) 51(63.75)
Normal 145(48.82) 28(35.00)
High 15(5.05) 1(1.25)
NEUT 0. 006
Low 29(9.76) 4(5.00)
Normal 149(50.17) 28(35.00)
High 119(40.07) 48(60.00)
Normal CRP 110(37.04) 22(27.50) 0. 146
Normal ESR 84(28.28) 26(32.50) 0.550
Normal LDH 275(92.59) 75(93.75) 0.911
Normal CHE 257(86.53) 70(87.50) 0.915
Normal TP 168(56.57) 46(57.50) 0.982
Normal ALB 157(52.86) 39(48.75) 0.598
Normal TBIL 275(92.59) 71(88.75) 0.378
Normal DBIL 258(86.87) 66(82.50) 0.414
Nnormal ALT 287(96.63) 77(96.25) 0.743
Normal AST 254(85.52) 70(87.50) 0.857
Normal ALP 268(90.24) 71(88.75) 0. 855
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g x
Item Normal (n=297) Delayed(n=280) P value
Normal GFR 104(35.02) 25(31.25) 0.619
Normal CysC 201(67.68) 47(58.75) 0.174
Normal SCr 283(95.29) 77(96.25) 1. 000
Normal SUr 200(67.34) 45(56.25) 0. 087
Normal Ca®* 135(45.45) 34(42.50) 0.730
Normal MgZJr 238(80.13) 55(68.75) 0.077
Reduction of left ventricular diastole function 269(90.57) 73(91.25) 1. 000
Intraoperative and emergence index

Start time of operation[ n( %) ] 0. 045

06:01-12:00 182(61.28) 61(76.25)

12:01-18:00 101(34.01) 17(21.25)

18:01-06:00 14(4.71) 2(2.50)
Duration of anesthesia min, M(Q,, Q5) ] 105(80,125) 105(80,125) 0. 852
Operative site[ n( %) ] 0.003

Knee 78(26.26) 8(10.00)

Caput femoris 82(27.61) 34(42.50)

Hip 137(46.13) 38(47.50)
Sp0,[ %, M(Q,, Q3)] 98(96,99) 97(94,99) 0. 136
Hypercapnia[ n( %) ] 193(64.98) 49(61.25) 0. 626
Hypocapnia[ n( %) ] 92(30.98) 31(38.75) 0.237
Normal blood CO, before extubation[ n( %) ] 243(81.82) 61(76.25) 0.337
Hypokalemia intravenous potassium supplementation[ n( %) ] 161(54.21) 27(33.75) 0. 002
Normal blood potassium before extubation[ n( %) ] 262(88.22) 71(88.75) 1. 000
Hypocalcemia intravenous calcium supplementation| n( %) | 20(6.73) 11(13.75) 0.072
Normal blood calcium before extubation[ n( %) ] 290(97.64) 76(95.00) 0.256
Hyperglycemia[ n( %) | 206(69.36) 70(87.50) 0. 002
Well-controlled blood glucose[ n( %) ] 206(69.36) 37(46.25) <0.001
Hyperlactacidemia[ n( %) ] 23(7.74) 18(22.50) <0.001
Total fluid replenishment[ ml, M(Q,, Q5)] 1200(1100,1550) 1100(1100,1500) 0.414
Crystalloid solution[ ml, M(Q,,Q;) ] 700(600,1100) 600(600,800) 0. 006
Colloid solution[ ml, M(Q,, Q3)] 500(500,500) 500(500,525) 0.017
Blood transfusion[ n( %) ] 49(16.50) 24(30.00) 0.011
Blood loss volume[ ml, M(Q,, 05) ] 100(50,100) 100(50,100) 0.265
Urine volume[ ml, M(Q,, 03)] 150( 100,200) 175(100,200) 0.384
ARV[mmHg, M(Q,, Q3] 9.8(6.7,12.6) 12.6(7.9,17.0) <0.001
CV[%, M(Q,, Q3)] 17.9(12.6,22.1) 23.1(17.5,28.1) <0.001
Hypotension[ n( %) ] 149(50.17) 39(48.75) 0.921
Hypertension[ n( %) ] 146(49. 16) 42(52.50) 0. 686
PCA[n(%) ] 294(98.99) 80( 100. 00) 1.000
Nerve block[ n( %) ] 0.003

Fascia iliaca 127(42.76) 53(66.25)

Quadratus lumborum 30(10.10) 7(8.75)

Femoral nerve 55(18.52) 5(6.25)

Adductor canal 10(3.37) 2(2.50)
Dexmedetomidine[ n( %) | 76(25.59) 30(37.50) <0.05
Etomidate[ mg, M(Q,, Q3)] 12(0,14) 12(10,14) 0.003
Midazolam[ mg, M(Q,, Q5) ] 1(0,2) 0(0,2) 0. 052
Sufentanil[ pg, M(Q,, 03)] 35.0(30.0,40.0) 32.5(30.0,40.0) 0.070
Remifentanil[ pg, M(Q,, Qs ] 600(400,700) 550(400,700) 0.568
Propofol[ mg, M(Q,, Q5) ] 250(167,320) 229(135,302) 0. 098
Muscular relaxants[ n( %) ] 1. 000

Rocuronium 52(17.51) 14(17.50)

Vecuronium 245(82.49) 66(82.50)
Multiples of muscular relaxants’ ED95[ M(Q,, Q) ] 2.67(2.22,2.96) 2.67(2.18,3.23) 0.472

BMI: body mass index. HB: hemoglobin; WBC: white blood cell; LY : lymphocyte; NEUT: neutrophile granulocyte; CRP; C-reactive protein; ESR:
erythrocyte sedimentation rate; LDH; lactate dehydrogenase; CHE: cholinesterase; TP ; total protein; ALB; albumin; TBIL: total bilirubin; DBIL; direct
bilirubin; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP; alkaline phosphatase; GFR: glomerular filtration rate; CysC: cystatin
C; SCr: serum creatinine; SUr: serum urea. SpO,: oxygen saturation; ARV average real variability; CV: coefficient of variation; PCA: postoperative

controlled analgesia; ED95: 95% of effective drug dose.
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Ttem n 0Odds ratio B SE VA P value OR 95%CI VIF
Age 377 I. 0.062 0.018 3.42 <0.001 1.06 1.03-1.10 111
Hypokalemia intravenous 188 | —0764 0303 -252 0012 047 025-084 110
potassium supplement '

Well-controlled blood glucose 243 b—.—i: —0.588 0.288 -2.04 0.041 0.56 0.31-0.98 1.03
CvV 377 '. 0.088 0.020 4.43 <0.001 1.09 1.05-1.14 1.04
Hyperlactacidemia 41 E ——i| 1.462 0.404 3.62 <0.001 4.32 1.95-9.58 1.07
Constant term E —7.703 1.573 —4.90 <0.001 <0.001 0-0.01

0512 5

CV: coefficient of variation
E 1 ZE= Lasso B354 DE &£ XU
Figure 1 Multivariate Lasso regression analysis of risk of DE occurrence

DE: delayedextubation; CV: coefficient of variation.
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Figure 2 Lasso regression coefficient path map and cross validation curve

A Lasso regression coefficient path map; B: Lasso cross validation curve. AUC: area under the curve.
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Figure 3 Nomogram for predicting DE after arthroplasty under general anesthesia
The sum of scores corresponding to the red dots on the horizontal axis of each indicator is 179, corresponding to the risk value of 0. 195.
Pr: probability of delayed extubation. *P<0.05; **P<0.01; “**P<0.001.
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Figure 4 ROC curve and calibration curve after internal validation of nomogram

A: ROC curve after internal validation; B calibration curve after internal verification. ROC: receiver operating characteristic.
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