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Purpose: This study aimed to develop and validate a post-operative delirium (POD) nomogram in a population of elderly patients
undergoing elective orthopedic surgery.

Patients and Methods: A predictive model was developed based on a training dataset of 474 elderly patients undergoing elective
orthopedic surgery from March 2021 to May 2022. POD was identified using the Confusion Assessment Methods (CAM). The least
absolute shrinkage and selection operator (LASSO) method was used to screen risk factors, and prediction models were created by
combining the outcomes with logistic regression analysis. We employ bootstrap validation for internal validation to examine the
model’s repeatability. The results were validated using a prospective study on 153 patients operated on from January 2022 to
May 2022 at another institution.

Results: The predictors in the POD nomogram included age, the Mini-Mental State Examination(MMSE), sleep disorder, neurolo-
gical disorders, preoperative serum creatinine (Pre-SCR), and ASA classification. The c-index of the model was 0.928 (95%
confidence interval 0.898 ~ 0.957) and the bootstrap validation still achieved a high c-index of 0.912. The c-index of the external
validation was 0.921. The calibration curve for the diagnostic probability showed good agreement between prediction by nomogram
and actual observation.

Conclusion: By combining preoperative and intraoperative clinical risk factors, we created a POD risk nomogram to predict the
probability of POD in elderly patients who undergo elective orthopedic surgery. It could be a tool for guiding individualized
interventions.
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Background

Post-operative delirium (POD) is a common neurocognitive disorder after surgery characterized by acute and fluctuating
impairment in attention and awareness, along with disorganized thinking.! The incidence of POD varies based on
surgical procedures and ranges between 3.6% and 28.3% in orthopedic patients,” even up to a 70% in patients who
underwent femoral neck surgery.® It is most prevalent in older patients, those with existing neurocognitive disorders,
and those undergoing complex or emergency procedures. Delirium in hospitalized patients is associated with poor
cognitive and functional recovery, increased morbidity and mortality, resulting in longer hospital stays and greater
healthcare resource expenditure.* Furthermore, POD is considered a harbinger of early POCD, which has a negative
impact on the long-term health of the patient.” POD holds substantial public health relevance as a target for interventions

to prevent its associated burden of downstream complications and costs.
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To date, the exact pathophysiology and etiology of POD remain unclear, and no novel treatments are being proposed
and developed. Also, there are currently limited treatment options available for clinical use. It is encouraging that multi-
component interventions targeted at risk factors have been shown to reduce delirium in hospitalized patients and 30-40%
of cases could be preventable.® Therefore, prevention is the most effective strategy for managing POD, with a risk
assessment being the first step.

Previous studies have determined several risk factors for POD in elderly elective orthopedic surgery patients, including
predisposing factors such as pre-existing dementia, drug or alcohol abuse, and abnormal sodium and potassium levels as well
as precipitating factors such as postoperative pain, surgery, anesthesia, and hypoxia.” ® As the cause of POD is multifactorial,
a single risk factor cannot predict the risk of POD. Although some researchers have developed risk prediction models, the
effectiveness of these models in predicting outcomes varies greatly, and the majority of them are only applicable to patients
undergoing hip fracture surgery.'®"" Up to now, no predictive model has been available to all patients undergoing elective
orthopedic surgeries. Considering the constantly growing orthopedic population, especially in China, with over 4.7 million
by 2022, a clinical prediction model which could combine multiple predictors to provide insight into the relative effects of
predictors in the model and absolute risk estimates for individual patients is still lacking.

A nomogram is a graphical predictive model that incorporates clinical variables and allows the user to predict the risk of
a specific event quantitatively. Our study aimed to develop and validate a nomogram-based preoperative clinical prediction
model to estimate the probability of delirium in elderly Chinese patients undergoing elective orthopedic surgery.

Materials and Methods
Study Design
The prospective observational study was designed according to the framework proposed by Ewout W et al.'> We
first developed the prediction of delirium for elderly orthopedic surgery patient model based on a prospective
cohort study, in which the consecutive elderly orthopedic surgery patients in the affiliated Yixing Hospital between
March 2021 and May 2022 were recruited. Various orthopedic surgery types, such as spinal trauma surgery,
cervical/lumbar spine disease, extremity fracture surgery, arthroplasty, and arthroscopic surgery were included and
the anesthesia protocol, eg general anesthesia, nerve blocks, and epidurals was determined by the attending
anesthesiologist dependent of the patient conditions. Bootstrap methods were then used to demonstrate the model’s
reproducibility for internal model validation.'> We next externally validated the delirium prediction model with
data from Wuxi Second People’s Hospital between January 2022 and May 2022.

This study was approved by the ethics committee of Affiliated Yixing Hospital of Jiangsu University (approval
number IRB-2022-ARTICLE-107) and performed consistent with the principles of the Helsinki Declaration on Human
Experimentation. All participants provided written informed consents.

Patients

The following were inclusion criteria: (a) patients scheduled for elective orthopedic surgery; (b) age range from 65 to 80;
(c) expected to stay in the hospital for at least 48 hours after surgery. We excluded patients if they were diagnosed with
pre-existing delirium, surgical suspension and postponement, severe visual or hearing impairment, preoperative coma, or
mechanical ventilation, data missing, and a decline to participate in the study.

Identification of Risk Factors

A literature search was done using the keywords “orthopedic surgery AND POD AND risk variables” to find potential
risk factors for the onset of delirium in patients who had undergone orthopedic surgery. Following that, 46 potential risk
factors were identified and examined to construct a preoperative predictive model.

Study Protocols and Data Collection
All patients were interviewed the day before surgery for the demographic characteristics, ie, age, gender, BMI, education
level, American Society of Anesthesiologists Physical Status Classification (ASA class),'* and comorbidities, such as,

1642 "= Neuropsychiatric Disease and Treatment 2023:19

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Guo et al

high blood pressure(HBP), diabetes mellitus(DM), coronary heart disease(CHD). Mini-Mental State Examination
(MMSE)" and Pittsburgh sleep quality index (PSQI) in a Chinese version were used by an independent team member
to assess cognitive function and sleep disorder respectively. Pre-operative laboratory tests associated with delirium,
including hemoglobin(Hb), white blood cells(WBC), blood glucose(Glu), glycosylated serum protein(GSP), glycosylated
hemoglobin (HbA1c¢), lipoprotein A(LPA), apolipoprotein E(APOE), apolipoprotein B(APOB), high density lipoprotein-
(HDL), low density lipoprotein(LDL), serum creatinine(SCR), sodium(Na"), potassium(K"), calcium(Ca"), C-reactive
protein(CRP), albumin(Alb), total cholesterol(TC), glomerular filtration rate(GFR), blood urea nitrogen(BUN), direct
bilirubin(DBil), indirect bilirubin(IBil), sedimentation(ESR), D-dimer, and ejection fraction(EF) were stratified on the
basis of our hospital laboratory test normal range. The peri-operative data consisted of the type and duration of surgery
and anesthesia, the blood loss and transfusion as well as the delirium-related drugs use (dexmedetomidine, benzodiaze-
pine, and atropine). All laboratory results and peri-operative parameters were collected from each patient’s electronic
medical records.

Diagnosis and Treatment

Delirium was diagnosed using the Confusion Assessment Method (CAM),'® which was developed as a screening
instrument to detect delirium based on diagnostic and statistical manual of mental disorders (DSM)-III-R criteria for
the use of non-psychiatric clinicians with high sensitivity (94-100%) and specificity (90-95%).'® CAM includes four
characteristics: (A) a sudden start and variable mental state, (B) inattention, (C) disordered thinking, and (D) a change in
the degree of consciousness. When characteristics (A) and (B) are met fundamentally and (C) or (D) selectively, delirium
is diagnosed.'” The POD diagnosis team comprised two researchers and one professional psychiatrist. Each researcher
visited patients twice daily (8:00 am and 16:00 pm) from post-operative day 1 to 7. Once both agreed each other, the
judgement was made. If the diagnosis from these two researchers were inconsistent, the final diagnosis was confirmed by
the professional psychiatrist. If the patient was discharged within 7 days after surgery, the researchers assessed the
patients for delirium by phone or in a scheduled in-person interview.

Statistical Analysis
R software was used to statistically analyze all the data.

To determine the association between patient characteristics and delirium, we utilized univariate analysis. To evaluate
variations in patient characteristics between groups, categorical variables were subjected to a chi-square test or Fisher’s
exact test. Continuous variables in the data were categorized according to clinical need. These choices were made in
advance of the modeling.

Using the least absolute shrinkage and selection operator (LASSO) method,'® the best predictive characteristics data
from the collected data on potential risk factors for the occurrence of POD in elderly patients undergoing elective
orthopedic surgery were chosen. Then predictors with nonzero coefficients in the LASSO regression model were chosen.
Prediction models were then developed by combining binary logistic regression analysis with the best predictors.'® The
characteristics were taken into account as odds ratios (OR) with a 95% confidence interval (CI) and as a P-value. The
probability of POD in elderly individuals following elective orthopedic surgery was predicted using all factors.

To evaluate how well the delirium prediction nomogram performed, the calibration curve was plotted. After
a significant test statistic showed that the model’s calibration was not perfect, we created the C-index.”® After that, we
must perform a bootstrap validation of the delirium nomogram, which entails selecting some data at random from all of
the data for validation to calculate the C-index obtained from the calibration, and finally, we perform a clinical decision
curve analysis to determine the actual validity of the delirium nomogram.

Results

Patients’ Characteristics
474 of the 523 individuals in the primary cohort who underwent elective orthopedic surgery during the study period were
eligible for inclusion and were thus part of the study. 49 individuals were eliminated from the research as a result of 12
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patients having their surgeries postponed or suspended, 3 patients having preoperative coma, 2 patients having preexist-
ing delirium, 25 patients with missing data, and 7 patients refusing to participate. For the validation cohort, we finally
included 153 homogeneous patients after excluding 12 patients met the exclusive criteria in a total of consecutive 165
patients. Within seven days following surgery, delirium was diagnosed in 58 (12.2%) patients in the primary cohort and
19 (12.4%) patients in the validation cohort. A study flowchart diagram is shown in Figure 1. The characteristics of

possible risk factors for delirium in the primary and validation cohorts are listed in Table 1.

Excluding 49 patients:
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Table | Demographics and Clinical Parameters of Patients in Primary and Validation Cohort

Characteristics Primary Cohort (n =474) Validation Cohort (n = 153)
No-POD POD P-value No-POD POD P-value
Age (years)
<75 261 (62.7) 10 (17.2) <0.001 86 (64.2) 0 (0.0) <0.001
75-85 113 (27.2) 13 (22.4) 33 (24.6) 4(21.1)
>85 42 (10.1) 35 (60.3) 15 (11.2) 15 (78.9)
Sex
Female 135 (32.5) 22 (37.9) 0.495 50 (37.3) 5 (26.3) 0.497
Male 281 (67.5) 36 (62.1) 84 (62.7) 14 (73.7)
BMI (kg/m2)
<185 36 (8.7) 5(8.6) 0.99 9 (6.7) 3 (15.8) 0.336
18.5-24 243 (58.6) 34 (58.6) 77 (57.5) Il (57.9)
>24 36 (8.7) 5(8.6) 9 (6.7) 3 (15.8)
Educational_level
llliterate 209 (50.2) 38 (65.5) 0.016 50 (37.3) 12 (63.2) 0.099
Elementary or middle school 151 (36.3) 10 (17.2) 70 (52.2) 6 (31.6)
High School and above 56 (13.5) 10 (17.2) 14 (10.4) 1 (5.3)
Smoking
No 334 (80.3) 43 (74.1) 0.361 110 (82.1) 18 (94.7) 0.287
Yes 82(19.7) 15 (25.9) 24 (17.9) 1 (5.3)
Drinking
No 309 (74.3) 41 (70.7) 0.672 71 (53.0) 13 (68.4) 0.308
Yes 107 (25.7) 17 (29.3) 63 (47.0) 6 (31.6)
HBP
No 220 (52.9) 23 (39.7) 0.08 73 (54.5) 8 (42.1) 0.444
Yes 196 (47.1) 35 (60.3) 61 (45.5) Il (57.9)
DM
No 305 (73.3) 45 (77.6) 0.594 107 (79.9) 16 (84.2) 0.889
Yes 111 (26.7) 13 (22.4) 27 (20.1) 3 (15.8)
CHD
No 389 (93.5) 54 (93.1) 0.99 126 (94.0) 18 (94.7) 0.99
Yes 27 (6.5) 4 (6.9) 8 (6.0) 1 (5.3)
Neurological disorders
No 372 (89.4) 39 (67.2) <0.001 122 (91.0) 15 (78.9) 0.225
Yes 44 (10.6) 19 (32.8) 12 (9.0) 4 (21.1)
MMSE
25-30 359 (86.3) 25 (43.1) <0.001 114 (85.1) 9(47.4) <0.001
<24 57 (13.7) 33 (56.9) 20 (14.9) 10 (52.6)
Sleep disorders
No 331 (79.6) 19 (32.8) <0.001 111 (82.8) 12 (63.2) 0.087
Yes 85 (20.4) 39 (67.2) 23 (17.2) 7 (36.8)
Hb
Abnormal 85 (20.4) 20 (34.5) 0.025 37 (27.6) 4(21.1) 0.743
Normal 331 (79.6) 38 (65.5) 97 (72.4) 15 (78.9)
WBC (109/L)
<35 9 (2:2) 0 (0.0 0.228 2 (1.5) 0 (0.0 0.023
3.5-95 337 (81.0) 44 (75.9) 101 (75.4) 9 (47.4)
>9.5 70 (16.8) 14 (24.1) 31 (23.1) 10 (52.6)
Glu (mmol/L)
<6.1 273 (65.6) 37 (63.8) 0.132 88 (65.7) 7 (36.8) 0.037
6.1-7.0 59 (14.2) 4 (6.9) 18 (13.4) 6 (31.6)
>7.0 84 (20.2) 17 (29.3) 28 (20.9) 6 (31.6)
(Continued)
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Table | (Continued).

Characteristics Primary Cohort (n =474) Validation Cohort (n = 153)
No-POD POD P-value No-POD POD P-value

HbAlc (%)
<6.5 142 (34.1) 28 (48.3) 0.05 51 (38.1) 10 (52.6) 0.335
26.5 274 (65.9) 30 (51.7) 83 (61.9) 9 (47.4)

GSP (%)
<10 53 (12.7) 5(8.6) 0.429 13 (9.7) 3 (15.8) 0.606
10-16 312 (75.0) 43 (74.1) 105 (78.4) 13 (68.4)
>16 51 (123) 10 (17.2) 16 (11.9) 3 (15.8)

ALB (g/L)
<30 12 (2.9) 4 (6.9) 0.231 10 (7.5) 3 (15.8) 0.436
230 404 (97.1) 54 (93.1) 124 (92.5) 16 (84.2)

CRP (mg/L)
<10 256 (61.5) 32 (55.2) 0.431 77 (57.5) 7 (36.8) 0.149
210 160 (38.5) 26 (44.8) 57 (42.5) 12 (63.2)

ESR (mm/h)
<20 292 (70.2) 33 (56.9) 0.058 82 (61.2) Il (57.9) 0.98
220 124 (29.8) 25 (43.1) 52 (38.8) 8 (42.1)

D_Dimer (mg/L)
<0.23 111 (26.7) 11 (19.0) 0.272 34 (254) 4 (21.1) 0.901
20.23 305 (73.3) 47 (81.0) 100 (74.6) 15 (78.9)

TC (mmol/L)
<5.18 322 (77.4) 43 (74.1) 0.699 96 (71.6) 15 (78.9) 0.694
25.18 94 (22.6) 15 (25.9) 38 (284) 4 (21.1)

DBil (umol/L)
<8.6 389 (93.5) 49 (84.5) 0.03 115 (85.8) 10 (52.6) 0.001
28.6 27 (6.5) 9 (15.5) 19 (14.2) 9 (47.4)

TBil (umol/L)
<20.6 364 (87.5) 46 (79.3) 0.132 85 (63.4) 8 (42.1) 0.126
220.6 52 (12.5) 12 (20.7) 49 (36.6) Il (57.9)

HDL (mmol/L)
<1.29 125 (30.0) 14 (24.1) 0.25 52 (38.8) 8 (42.1) 0.692
1.29-1.55 147 (35.3) 27 (46.6) 49 (36.6) 8 (42.1)
>1.55 144 (34.6) 17 (29.3) 33 (24.6) 3 (15.8)

LDL (mmol/L)
<3.12 253 (60.8) 33 (56.9) 0.668 87 (64.9) 10 (52.6) 0.432
23.12 163 (39.2) 25 (43.1) 47 (35.1) 9 (47.4)

APOB
<0.6 50 (12.0) 2 (34 0.119 19 (14.2) 3 (15.8) 0.648
0.6-1.10 238 (57.2) 34 (58.6) 78 (58.2) 9 (47.4)
>1.10 128 (30.8) 22 (37.9) 37 (27.6) 7 (36.8)

APOE (mg/dl)
<29.0 63 (15.1) 6 (10.3) 0.344 16 (11.9) 1 (5.3) 0.686
29.0-53.0 293 (70.4) 40 (69.0) 99 (73.9) 15 (78.9)
>53.0 60 (14.4) 12 (20.7) 19 (14.2) 3 (15.8)

LPA (mg/L)
<300 298 (71.6) 38 (65.5) 0.42 95 (70.9) 14 (73.7) 0.99
2300 118 (28.4) 20 (34.5) 39 (29.1) 5(26.3)

BUN (mmol/L)
<7.6 332 (79.8) 37 (63.8) 0.01 11 (82.8) 12 (63.2) 0.087
27.6 84 (20.2) 21 (36.2) 23 (17.2) 7 (36.8)

(Continued)
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Table | (Continued).

Characteristics Primary Cohort (n =474) Validation Cohort (n = 153)
No-POD POD P-value No-POD POD P-value
Scr (umol/L)
<41 27 (6.5) 2 (3.4) 0.001 14 (10.4) 2 (10.5) 0.007
41-81 341 (82.0) 39 (67.2) 106 (79.1) 10 (52.6)
>8l 48 (11.5) 17 (29.3) 14 (10.4) 7 (36.8)
GFR (mL/min)
<70 61 (14.7) Il (19.0) 0.509 21 (15.7) 3(15.8) 0.99
270 355 (85.3) 47 (81.0) 113 (84.3) 16 (84.2)
K+ (mmol/L)
<35 61 (14.7) 13 (22.4) 0.004 16 (11.9) 2 (10.5) 0.001
3.5-53 354 (85.1) 43 (74.1) 118 (88.1) 15 (78.9)
>5.3 1 (0.2) 2 (3.4) 0 (0.0 2 (10.5)
Na+ (mmol/L)
<135 21 (5.0 3(52) 0.999 5@3.7) 1 (5.3) 0.706
135-145 366 (88.0) 51 (87.9) 121 (90.3) 16 (84.2)
>145 29 (7.0) 4 (6.9) 8 (6.0) 2 (10.5)
Ca2+ (mmol/L)
<2.03 40 (9.6) 6 (10.3) 0.403 12 (9.0) 2 (10.5) 0.016
2.03-2.54 371 (89.2) 50 (86.2) 119 (88.8) 14 (73.7)
>2.54 5(1.2) 2 (34 3(22) 3 (15.8)
EF (%)
<50 5(1.2) I (1.7) 0.99 44 (32.8) 6 (31.6) 0.99
250 411 (98.8) 57 (98.3) 90 (67.2) 13 (68.4)
Dexmedetomidine
No 232 (55.8) 36 (62.1) 0.444 78 (58.2) 13 (68.4) 0.549
Yes 184 (44.2) 22 (37.9) 56 (41.8) 6 (31.6)
Atropine
No 167 (40.1) 22 (37.9) 0.858 61 (45.5) 7 (36.8)
Yes 249 (59.9) 36 (62.1) 73 (54.5) 12 (63.2)
Benzodiazepine
No 75 (18.0) 18 (31.0) 0.031 61 (45.5) 11 (57.9) 0.444
Yes 341 (82.0) 40 (69.0) 73 (54.5) 8 (42.1)
Type of anesthesia
General anesthesia 333 (80.0) 43 (74.1) 0.36 79 (59.0) 12 (63.2) 0.92
Nerve blocks 49 (11.8) 7 (12.1) 26 (19.4) 3 (15.8)
Epidural anesthesia 34 (82) 8(13.8) 29 (21.6) 4 (21.1)
Type_of_surgery
Spinal Trauma 59 10 0.341 16 | 0.633
Cervical/Lumbar spondylosis 21 0 3 0
Extremity fracture 75 14 35 4
Arthroplasty 169 21 42 9
Arthroscopic surgery 92 13 38 5
Duration of anesthesia
<2h 255 (61.3) 38 (65.5) 0.635 65 (48.5) Il (57.9) 0.603
22h 161 (38.7) 20 (34.5) 69 (51.5) 8 (42.1)
Duration of surgery
<2h 288 (69.2) 41 (70.7) 0.941 87 (64.9) 13 (68.4) 0.966
22h 128 (30.8) 17 (29.3) 47 (35.1) 6 (31.6)
(Continued)
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Table | (Continued).

Characteristics Primary Cohort (n =474) Validation Cohort (n = 153)
No-POD POD P-value No-POD POD P-value
Blood Loss_ (mL)
<500 365 (87.7) 52 (89.7) 0.577 124 (92.5) 18 (94.7) 0.805
500-1000 36 (8.7) 3(52) 7(52) 1 (5.3)
>1000 15 (3.6) 3(52) 3(22) 0 (0.0
Blood_ transfusion
No 374 (89.9) 52 (89.7) 0.99 120 (89.6) 14 (73.7) 0.112
Yes 42 (10.1) 6 (10.3) 14 (10.4) 5(26.3)

Note: Categorical variables are expressed as frequency (percentage).

Abbreviations: ASA, American Society of Anesthesiologists; HBP, High blood pressure; DM, Diabetes mellitus; GHD, Coronary heart disease;
MMSE, Mini-mental State Examination; Hb, Hemoglobin; WBC, White blood cells; Glu, Glucose; GSP, Glycosylated serum protein; HbAlc,
Glycosylated hemoglobin; LPA, lipoprotein A; APOE, Apolipoprotein E; APOB, Apolipoprotein B; HDL, High density lipoprotein; LDL, Low density
lipoprotein; CRP, C-reactive protein; Alb, Albumin; TC, total cholesterol; SCR, Serum creatinine;GFR, Glomerular filtration rate; BUN, Blood urea
nitrogen, DBIl, Direct bilirubin; IBil, Indirect bilirubin; ESR, sedimentation; Na+, Sodium; K+, Potassium; Ca+, calcium; EF, Ejection Fraction.

Feature Selection
From each patient, a total of 46 risk indicators were taken. 46 variables were utilized in the main cohort of the LASSO
model to determine the key risk factors associated with POD in elderly patients receiving elective orthopedic surgery.
The results revealed that a total of six variables with nonzero coefficients were screened out when the lambda value was
selected as lambda. min (0.02332)(Figures 2A and B).

Age, MMSE, sleep disorders, neurological disorders, preoperative serum creatinine (Pre-SCR), and ASA classifica-
tion were the six risk factors examined.

Establishment of Nomogram
The results of the regression analysis for age, MMSE, sleep disorders, neurological disorders, Pre-Scr, and ASA
classification are shown in Table 2. Models with the independent predictors mentioned above were created and shown
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Figure 2 Selection of risk factors for POD using the LASSO binary logistic regression model.

Notes: (A) The LASSO model’s optimal parameters (lambda) were selected using five-fold cross-validation with the minimum criteria. The logarithm of the partial likelihood
deviation (binomial deviation) curves was shown. Using the minimal criteria and its one standard error, dashed vertical lines are displayed at the optimal values (I-SE
criterion). (B) Profiles of the lasso coefficients for 46 characteristics. log(A) sequences were used to plot coefficient profiles. The optimum lambda produces six features with
non-zero coefficients, which are represented as vertical lines at values chosen using five-fold cross-validation.

Abbreviations: LASSO, least absolute shrinkage and selection operator; SE, standard error.
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Table 2 Predictive factors for POD

Intercept and Variable Prediction Model Odds ratio (95% CI) P-value
p

Intercept —6.1238 0.00 (0.001-0.015) <0.001

Age (years)

<75

75-85 0.8563 2.354 (0.842-6.722) 0.103

>85 3.1020 22.244 (8.618-64.500) <0.001

MMSE<24 2.0393 7.685 (3.411-18.235) <0.001

Sleep disorders 1.8759 6.527 (3.015—-14.826) <0.001

Neurological disorders 0.8180 2.266 (0.902-5.580) 0.077

Pre-Scr (umol/L)

<4|

41-81 0.5363 1.709 (0.288-20.971) 0.610

>81 1.3955 4.037 (0.605-53.357) 0.204

ASA -1V 0.9607 2.613 (1.159-6.149) 0.023

as a nomogram (Figure 3). This model’s c-index value was 0.928 (95% CI: 0.898—0.957). In this cohort, there was good
agreement in the calibration curves for the nomogram used to estimate the likelihood of POD in elderly patients receiving
elective orthopedic surgery (Figure 4A).

Internal and External Validation of a Nomogram

The model underwent both internal and external validation. External validation was performed using external hospital
data for spatial validation with a C-index of 0.921, while internal validation used bootstrap validation with a C-index of
0.912, suggesting the model’s good discrimination.

0 10 20 30 40 50 60 70 80 90 100
Points !
75-84
Age r . N
65-74 >=85
Yes
Neurological_Disorders —
No
<=24
MMSE r d
24-30
Yes
Sleep_disorders r g
No
41-81umol/L
Scr r . )
0-41umol/L >=81umol/L
n-v
ASA r )
=1l
Total Points T
0 50 100 150 200 250 300 350
Risk of Fail N

0.1 02 0304050607 08 09

Figure 3 Developed POD nomogram.

Notes: Creating a nomogram that predicts the likelihood that older patients undergoing elective orthopedic surgery would experience POD, taking into account factors
including age, MMSE, sleep disorder; Neurological disorders, Pre-Scr, and ASA classification.

Abbreviations: Scr, serum creatine; ASA, American Society of Anesthesiologists.
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Figure 4 Calibration curves and decision curve analysis for the POD nomogram.

Notes: (A) The x-axis indicates the predicted POD risk. The y-axis indicates the inconsistency of the actual diagnosis. Ideal indicates the correction curve of the perfect
prediction model. Apparent indicates the performance of the training set. Bias-corrected indicates the performance of the model after repeated self-sampling, where closer
to the diagonal dashed line indicates better prediction. (B) The horizontal coordinate of the graph is the Threshold Probability. The vertical coordinate is the net benefit
after subtracting the disadvantage from the benefit.

Clinical Use

Figure 4B displayed the decision curve analysis for the nomogram. The POD prediction nomogram is represented by the
blue line. The narrow grey line represents the idea that all surgical patients experience POD. The theory that no patients
have POD following surgery is shown by the solid black line. The decision curve shows that utilizing this nomogram to
estimate the likelihood of POD in elderly patients receiving elective orthopedic surgery enhances the benefit over the
intervention all-patients scenario or the no-intervention scenario within a given interval.

Discussion
In the current study, we developed and validated a nomogram-based model for predicting POD. Our POD model,
incorporating the age, MMSE, sleep disorder, neurological disorders, pre-SCR, and ASA classification, reliably identifies
patients at high risk of delirium recurrence. This is the first delirium prediction study for all elective elderly orthopedic
surgery patients, not limited to hip fracture surgery. The nomogram provided better predictive accuracy than the risk
factor-based model, demonstrating the incremental value of the nomogram to the current diagnostic management of
POD. Moreover, our nomogram is easy to use, and it could serve as a preoperative tool for the individualized prediction
of delirium.

The incidence of POD in our study was 12.2% (development group) and 12.4% (validation group), values that are
similar to Yang’s study (13.6%)?' and Zhao’s study (12.2%:).%

Risk Factors

We identified potential risk factors for POD based on a thorough literature review. We identified six independent risk
factors using lasso regression and logistic analysis, and we developed a nomogram that can more accurately predict the
occurrence of POD. Our research showed that delirium is more common in people above the age of 85. An established
and well-known risk factor for the onset of delirium is advanced age.”® Our systematic search of meta-analyses of POD
prediction models indicated that sleep disturbance was also considered a risk factor for the development of delirium.**
The presence of previous cognitive impairment indicated by a low MMSE score has also been identified as a risk for
developing delirium.?>~® It was also thought that a history of neurological disorders constituted a separate risk factor for

the emergence of POD. According to earlier research, substantial renal insufficiency or elevated blood creatinine levels
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can further increase the chance of developing POD.?”*® The European Society of Anesthesia’s Evidence-Based and
Consensus Guidelines for POD state that there is a connection between the prevalence of POD and ASA classification.?’

Results of the model development showed that the model has good performance with the c-index for the training set
being 0.928 and the c-index for the validation set being 0.921.

The fact that this model only uses six variables to measure risk suggests that additional factors may be equally
essential but were overlooked. But when combined with the six predictors, the additional risk factors identified in this
study did not improve the prediction accuracy of POD. Additionally, it would be better if a simple and accurate model
could predict the onset of POD.

Our study’s incidence of delirium was 12.2% in the development group and 12.4% in the validation group, which is
similar to earlier studies that revealed a delirium incidence of 5% to 45% following emergency and elective orthopedic
surgery.”® Furthermore, studies have revealed that between 25 and 50% of senior people hospitalized for medical issues
also have acute delirium, which may be connected to regional variations in POD diagnosis or institution disparities.’’

Clinical Relevance

Since the pathophysiological mechanisms of delirium occurrence are still unclear, and because therapy for delirium is
incomplete once it has happened, primary delirium prevention is the most effective method. The prevention strategies for
delirium are mainly pharmacological and non-pharmacological prevention. Evidence-based recommendations for POD
therapy are provided by medical organizations, including the American Geriatrics Society, the European Society of
Anesthesiology, and the UK’s National Institute for Health and Care Excellence. Finding and treating precipitating
etiologies are the primary goals of the first phases.*? The nomogram screens individuals who are at a greater risk of POD
for targeted preoperative management and prevention, thereby reducing the risk of developing POD and ensuring
efficient use of resources.

A literature search revealed that the majority of existing prediction models for POD had only focused on ICU patients
or patients having hip fracture surgery. Some prediction models are only accessible to ICU patients, and it is unknown if
they can be used with other patients.**-** There are some studies only on patients with hip fractures.>' We cannot rule out
the probability of POD in older orthopedic patients undergoing spine or extremities surgery, even though studies have
shown a significant likelihood of delirium in patients with hip fractures. Chen et al*> showed that patients were evaluated
only 3 days postoperatively, but the current POD evaluation should be extended to the seventh postoperative day.
Kalisvaart et al*® included patients undergoing both emergency and elective orthopedic surgery. The model cannot
reliably predict POD in patients undergoing elective orthopedic surgery since existing studies reveal a lower prevalence
of delirium following elective surgery than following emergency surgery.>® Given this, we created a POD model that was
not limited to ICU patients and specific types of orthopedic surgery and diagnosed delirium in elderly patients under-
going elective orthopedic surgery within seven days postoperatively. The model was externally evaluated to show its
utility and included only patients who underwent elective surgery, eliminating the effect of patients who underwent
emergency surgery on morbidity. The model is displayed as a nomogram for ease of use by clinicians.

Limitations

The study has the following drawbacks. Firstly, confounding bias is inevitable because the model uses data from only one
center. Secondly, we defined the normal range of blood parameters on the basis of our hospital laboratory test.
Considering the difference in lab examinations among individual hospitals, we acknowledged it as a shortcoming in
our study. Thirdly, the lack of information regarding pre-operative function status and frailty is another issue. There is
increasing evidence that these variables might be the best predictors of post-operative complications and delayed function
recovery. Fourthly, the researchers visited the patients twice a day. However, the state of delirium was fluctuating, and
there may have been false negative assessments. Furthermore, although it is recommended that they be incorporated into
future studies, the severity and length of delirium were not considered when constructing the prediction model for this
study. Given the inclusion of the type of anesthesia and type of surgery as one of the variables in the study, although no
statistical significance was found in the univariate analysis, future studies with large samples are needed to determine
whether the type of anesthesia as well as the type of surgery has a significant effect on delirium.
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Conclusion

Our nomogram model constructed based on age, MMSE, sleep disorders, neurological disorders, Pre-Scr, and ASA
classification, shows good discriminatory performance and significant clinical efficacy, and could thereby facilitate more
precise prediction and better management of POD. These six predictors are six well-defined clinical variables are easy to
assess and detect during the preoperative period, and thus allows clinicians to not only identify and prevent those with
a high risk of POD, but also to explain the risks in advance to patients and their families, helping to better understand the
possible results.
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POD, Postoperative delirium; CAM, The Confusion Assessment Method; LASSO, Least absolute shrinkage and
selection operator; BMI, Body Mass Index; MMSE, Mini-mental State Examination; ASA, American Society of
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