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[Abstract] Objective To develop a risk prediction model for perioperative neurocognitive disorders (PND) in
patients with colorectal cancer undergoing general anesthesia based on a nomogram. Methods A total of 207 patients
undergoing colorectal cancer surgery under general anesthesia from August 2021 to December 2024 were enrolled and
randomly divided into a modeling cohort (n = 145) and a validation cohort (n = 62) at a 7 : 3 ratio. Based on the
occurrence of PND, the modeling cohort was further divided into PND group (n = 42) and non-PND group (n = 103),
while the validation cohort was divided into PND group (n = 18) and non-PND group (n = 44). Logistic regression
analysis was performed to identify influencing factors for PND in patients with colorectal cancer undergoing general
anesthesia, and a nomogram prediction model was constructed. Receiver operating characteristic (ROC) curves and
calibration curves were plotted, and Hosmer-Lemeshow goodness-of-fit test was conducted. Results ~ Univariate analysis
showed statistically significant differences between PND group and non-PND group in age, operative time, anesthesia
depth, intraoperative blood loss, intraoperative mean regional brain oxygen saturation (rSO,), mean platelet volume
(MPV), platelet distribution width (PDW), visual analog scale (VAS) for pain, and Pittsburgh Sleep Quality Index (PSQI)
(P < 0.05). Multivariate Logistic regression analysis revealed that age, anesthesia depth, intraoperative mean rSO,, MPV,
PDW, VAS, and PSQI were all influencing factors for PND in patients with colorectal cancer undergoing general
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anesthesia (P < 0.05). The area under the ROC curve (AUC) of the nomogram model was 0.861 (95% CI: 0.786-0.935) in
the modeling cohort and 0.827 (95% CI: 0.752-0.902) in the validation cohort. Calibration curve analysis indicated that
the predicted risk of PND was largely consistent with the actual incidence, and the Hosmer-Lemeshow test showed good
model fit. Clinical decision curve analysis demonstrated high clinical applicability of the model. Conclusion Advanced
age, excessively light anesthesia depth, low intraoperative mean rSO,, elevated serum MPV and PDW, severe pain, and
poor sleep quality are influencing factors for PND in patients with colorectal cancer undergoing general anesthesia. The

nomogram model established based on these factors exhibits good predictive performance.
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Table 1 Compares the modeling cohort and the validation cohort

Index Modeling cohort (1 = 145) Validation queue (n = 62) X/t P
Sex/case (%) 0.111 0.739
Male 90 (62.07) 40 (64.52)
Female 55 (37.93) 22 (35.48)
Agelyr. 65.72 £ 5.77 66.31 £5.26 0.692 0.490
BMI/(kg/m’) 21.01 + 1.64 21.24+1.13 1.006 0.316
ASA classify/case (%) 0.194 0.660
< Il classify 70 (48.28) 32 (51.61)
Il classify 75 (51.72) 30 (48.39)
Tumor location/case (%) 4.784 0.188
Colon ascendens 57 (39.31) 24 (38.71)
Colon transversum 11 (7.59) 3(4.84)
Colon descendens 19 (13.10) 5(8.06)
Colon sigmoideum 58 (40.00) 30 (48.39)
Degree of tumor differentiation/case (%) 0.649 0.723
Well-differentiated 8 (5.52) 3(4.84)
Moderately differentiated 73 (50.34) 35 (56.45)
Poorly differentiated 64 (44.14) 24 (38.71)
Tumor histological type/case (%) 0.634 0.728
Adenocarcinoma 120 (82.76) 54 (87.10)
Mucinous adenocarcinoma 18 (12.41) 6(9.68)
Other 7 (4.83) 2(3.23)
Operation time/min 188.24 + 50.63 186.79 £ 51.98 0.187 0.852
Wake up time/min 29.35+7.18 28.68 £7.25 0.613 0.540
Depth of anesthesia/case (%) 0.144 0.705
40-50 66 (45.52) 30 (48.39)
50-60 79 (54.48) 32 (51.61)
Intraoperative infusion volume/mL 830.74 + 141.36 829.37 + 143.91 0.064 0.949
Intraoperative bleeding/mL 74.63 +15.41 75.21 + 14.28 0.253 0.800
Mean intraoperative rSO,/% 64.59 +3.28 65.07 +£3.19 0.972 0.332
Postoperative analgesic protocol/case (%) 0.282 0.596
Oral pain medication 76 (52.41) 30 (48.39)
Analgesic pump 69 (47.59) 32 (51.61)
MPV/{L 10.98 £ 0.86 10.94 £ 0.91 0.301 0.764
PDW/fL 16.23 £0.77 16.31 £ 0.68 0.708 0.480
HB/(g/L) 112.48 + 20.72 111.87 £22.15 0.190 0.850
RBC/x 10°L™" 4.40 £0.47 439 +£0.51 0.137 0.891
VAS/score 298 +1.32 3.01 £1.30 0.151 0.881
PSQI/score 6.34+2.10 6.37 £1.98 0.096 0.924
Preoperative MMSE/score 28.02 +£0.98 27.94 +1.06 0.525 0.600

BMI: body mass index; ASA: American Society of Anesthesiologists; rSO2: regional brain oxygen saturation; MPV: mean platelet volume; PDW: platelet
distribution width; HB: hemoglobin; RBC: red blood cell count; VAS: visual analog scale; PSQI: Pittsburgh Sleep Quality Index; MMSE: Mini-Mental State

Examination.
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Table2 Comparison of baseline data between the PND and non-PND groups for the modeled cohort

Index PND group (n = 42) Non-PND group (n = 103) Xz/t P
Sex/case (%) 0.163 0.687
Male 25 (59.52) 65 (63.11)
Female 17 (40.48) 38 (36.89)
Agelyr. 69.27 £ 6.54 62.36 £4.93 6.937 <0.001
BMI/(kg/m’) 21.05 + 1.63 20.98 + 1.48 0.251 0.802
ASA classify/case (%) 0.695 0.404
< Il classify 18 (42.86) 52 (50.49)
I classify 24 (57.14) 51 (49.51)
Tumor location/case (%) 0.394 0.942
Colon ascendens 15 (35.71) 42 (40.78)
Colon transversum 3(7.14) 8(7.77)
Colon descendens 6(14.29) 13 (12.62)
Colon sigmoideum 18 (42.86) 40 (38.83)
Degree of tumor differentiation/case (%) 0.118 0.906
Well-differentiated 2 (4.76) 6(5.83)
Moderately differentiated 22(52.38) 51 (49.51)
Poorly differentiated 18 (42.86) 46 (44.66)
Tumor histological type/case (%) 0.571 0.568
Adenocarcinoma 36 (85.71) 84 (81.55)
Mucinous adenocarcinoma 4(9.52) 14 (13.59)
Other 2(4.76) 5 (4.85)
Operation time/min 198.37 + 54.79 180.21 + 47.61 1.993 0.048
Wake up time/min 28.69 £7.25 29.31+7.18 0.470 0.639
Depth of anesthesia/case (%) 6.403 0.011
40-50 26 (61.90) 40 (38.83)
50-60 16 (38.10) 63 (61.17)
Intraoperative infusion volume/mL 833.62 + 136.01 827.96 + 151.32 0.210 0.834
Intraoperative bleeding/mL 77.95 + 16.97 72.21+13.24 2.176 0.031
Mean intraoperative rSO,/% 62.24 +£2.98 66.98 + 3.61 7.524 <0.001
Postoperative analgesic protocol/case (%) 10.852 <0.001
Oral pain medication 31(73.81) 45 (43.69)
Analgesic pump 11 (26.19) 58 (46.31)
MPV/fL 11.59 £ 0.74 10.32 £ 0.96 7.687 <0.001
PDW/fL 17.67 £ 0.82 15.54 £ 0.59 17.518 <0.001
HB/(g/L) 113.65 +19.87 110.97 + 21.63 0.692 0.490
RBC/x10°L™" 4.42+0.41 4.36 +£0.52 0.668 0.506
VAS/score 339+1.37 2.14+1.29 5.198 <0.001
PSQI/score 7.25 +£2.60 526 £1.31 6.112 <0.001
Preoperative MMSE/score 28.02 +0.98 27.94 + 1.06 0.421 0.674

The abbreviations in the table are the same as those in Table 1.
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Table4 Multivariate regression analysis of factors affecting PND in patients under general anesthesia for colon cancer

Index B SE Wald y* P OR 95% CI
Age 0.175 0.044 3.966 <0.001 1.191 1.093-1.299
Operation time —0.017 0.018 —0.935 0.350 0.983 0.948-1.019
Depth of anesthesia 1.453 0.611 2.379 0.017 4.276 1.292-14.153
Intraoperative bleeding 0.014 0.086 0.167 0.867 1.015 0.857-1.201
Mean intraoperative rSO, —0.510 0.244 —2.091 0.037 0.600 0.372-0.968
Postoperative analgesic protocol 1.635 0.796 0.244 0.624 0.675 0.142-3.211
MPV 1.524 0.328 4.645 <0.001 4592 2.413-8.736
PDW 4.136 1.619 2.555 0.011 62,575 2.620-94.220
VAS 0.607 0.187 3.245 0.001 1.835 1.272-2.647
PSQI 0.491 0.133 3.696 <0.001 1.634 1.259-2.119
Constant —42.467 8.013 —5.300 <0.001
SE: standard error; OR: odds ratio. All other abbreviations in the table are the same as those in Table 1.
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Fig 1 A nomogram model for predicting the occurrence of PND in general anesthesia in colon cancer
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A, Modeling cohort; B, validation cohort.
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Fig 3 Calibration curve of PND line diagram model for prediction of general anesthesia in patients with colon cancer

A, Modeling cohort; B, validation cohort.
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Fig 4 Decision curve of PND line diagram model for prediction of general anesthesia in patients with colon cancer

A, Modeling cohort; B, validation cohort.
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