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Abstract
BACKGROUND
[bookmark: _Hlk25659389]Postoperative delirium (POD) is one of the most common complications in older adult patients undergoing elective surgery. Few studies have compared, within the same institution, the type of surgery, risk factors and type of anesthesia and analgesia associated with the development of POD. 

AIM
To investigate the following three questions: (1) What is the incidence of POD after non-ambulatory orthopedic surgery at a high-volume orthopedic specialty hospital? (2) Does surgical procedure influence incidence of POD after non-ambulatory orthopedic surgery? And (3) For POD after non-ambulatory orthopedic surgery, what are modifiable risk factors?

METHODS
A retrospective cohort study was conducted of all non-ambulatory orthopedic surgeries at a single orthopedic specialty hospital between 2009 and 2014. Patients under 18 years were excluded from the cohort. Patient characteristics and medical history were obtained from electronic medical records. Patients with POD were identified using International Classification of Diseases, 9th Revision (ICD-9) codes that were not present on admission. For incidence analyses, the cohort was grouped into total hip arthroplasty (THA), bilateral THA, total knee arthroplasty (TKA), bilateral TKA, spine fusion, other spine procedures, femur/pelvic fracture, and other procedures using ICD-9 codes. For descriptive and regression analyses, the cohort was grouped, using ICD-9 codes, into THA, TKA, spinal fusions, and all procedures.

RESULTS 
Of 78492 surgical inpatient surgeries, the incidence from 2009 to 2014 was 1.2% with 959 diagnosed with POD. The incidence of POD was higher in patients undergoing spinal fusions (3.3%) than for patients undergoing THA (0.8%); THA patients had the lowest incidence. Also, urgent and/or emergent procedures, defined by femoral and pelvic fractures, had the highest incidence of POD (7.2%) than all other procedures. General anesthesia was not seen as a significant risk factor for POD for any procedure type; however, IV patient-controlled analgesia was a significant risk factor for patients undergoing THA [Odds ratio (OR) = 1.98, 95% confidence interval (CI): 1.19 to 3.28, P = 0.008]. Significant risk factors for POD included advanced age (for THA, OR = 4.9, 95%CI: 3.0-7.9, P < 0.001; for TKA, OR = 2.16, 95%CI: 1.58-2.94, P < 0.001), American Society of Anesthesiologists score of 3 or higher (for THA, OR = 2.01, 95%CI: 1.33-3.05, P < 0.001), multiple medical comorbidities, hyponatremia (for THA, OR = 2.36, 95%CI: 1.54 to 3.64, P < 0.001), parenteral diazepam (for THA, OR = 5.05, 95%CI: 1.5-16.97, P = 0.009; for TKA, OR = 4.40, 95%CI: 1.52-12.75, P = 0.007; for spine fusion, OR = 2.17, 95%CI: 1.19-3.97, P = 0.01), chronic opioid dependence (for THA, OR = 7.11, 95%CI: 3.26-15.51, P < 0.001; for TKA, OR = 2.98, 95%CI: 1.38-6.41, P = 0.005) and alcohol dependence (for THA, OR = 5.05, 95%CI: 2.72-9.37, P < 0.001; for TKA, OR = 6.40, 95%CI: 4.00-10.26, P < 0.001; for spine fusion, OR = 6.64, 95%CI: 3.72-11.85, P < 0.001). 

CONCLUSION
POD is lower (1.2%) than previously reported; likely due to the use of multi-modal regional anesthesia and early ambulation. Both fixed and modifiable factors are identified.

Key words: Delirium; Arthroplasty; Replacement; Knee; Hip; Risk factors; Pain management; Spinal fusion; Orthopedics; Incidence; Anesthesia; General; Opioid-related disorders; Narcotics
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Core tip: This original research adds significantly to the perioperative literature. At this single orthopedic institution, the effects of different procedures, and effects of the different management practices of these procedures, on postoperative delirium were examined. The incidence of post-operative delirium was found to be lower at this institution than many other previous reports. Potentially modifiable risk factors for post-operative delirium in patients undergoing common orthopedic procedures, for whom higher vigilance is warranted were also identified.
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INTRODUCTION
Postoperative delirium (POD) is one of the most common complications in older adult patients undergoing elective surgery. The reported incidence ranges from 3%-25% after elective surgery[1,2]. Many perioperative characteristics have been associated with the development of POD including increased length of recovery and hospital stay, as well as increased morbidity and mortality[1,3]. Fixed risk factors often associated with POD include advanced age, pre-existing central nervous system deficits, psychiatric disease, alcohol abuse, emergency surgery and the presence of multiple comorbidities[3,4]. Few studies have compared, within the same institution, the type of surgery, risk factors and type of anesthesia and analgesia associated with the development of POD[5]. Our goal was to assess the incidence of POD after non-ambulatory orthopedic surgery, evaluate the influence of the surgical procedure on this incidence, and identify possible modifiable risk factors.

MATERIALS AND METHODS
Study population and data collection
With the approval of the Institutional Review Board a retrospective cohort study was conducted of all non-ambulatory orthopedic surgeries at a single orthopedic specialty hospital between 2009 and 2014. Specifically, the study population was patients aged 18 years or older who underwent inpatient orthopedic surgeries from January 1, 2009 to December 31, 2014 at a single institution. Excluded populations were patients aged 17 years or younger and patients who did not undergo an inpatient orthopedic surgery. These patient populations were excluded to minimize selection bias as younger patients are less likely to develop delirium and ambulatory patients are not routinely followed to see if there is an occurrence of delirium after surgery. 
The initial study design included years prior to 2009; but it was determined that differences in coding before 2009 would affect the interpretation of the data and contribute to disease misclassification bias, so data prior to 2009 was excluded. Patient characteristics and medical history were obtained from electronic medical records. Patient’s medical diagnoses, including Elixhauser comorbidity score determination[6] and procedure types were obtained from International Classification of Diseases, 9th Revision (ICD-9) codes. Age, sex, BMI, postoperative medications, laboratory values, American Society of Anesthesiologists’ (ASA) score, and whether a computerized axial tomography (CT) scan or magnetic resonance imaging (MRI) scan of the brain was ordered were obtained from the electronic health record (Allscripts, Atlanta, Georgia).

Procedure grouping
For incidence analyses, the cohort was grouped into total hip arthroplasty (THA), bilateral THA, total knee arthroplasty (TKA), bilateral TKA, spine fusion, other spine procedures, femur/pelvic fracture and other procedures using ICD-9 procedure codes. For descriptive and regression analysis, the cohort was grouped, using ICD-9 procedure codes, into THA, TKA, spinal fusions, and all procedures. Emergent procedures were excluded in the descriptive and regression analyses to minimize selection bias as the characteristics of patients undergoing emergent surgeries and the characteristics of these surgeries themselves may be related to the development of delirium. Patients in the THA and TKA group were identified by 81.51 and 81.54 ICD-9 codes, respectively. Bilateral THA and bilateral TKA patients were identified by the presence of 81.51 coded twice or 81.54 coded twice during one admission stay, respectively. Spinal fusion patients were identified using one or more of the following codes: 81.03, 81.05, 81.07, 81.08, 81.33, 81.33, 81.35, 81.37, 81.38, 81.62, 81.63, 81.64 and 84.51, representing anterior, posterior, or revision spine fusions. Other spine patients were identified by a presence of one or more of 3.0-3.99, 81.00-81.08, 81.30-81.39, 84.60-84.69 and 84.80-84.85 codes. Femur and/or pelvic fracture patients were identified by one or more of the following codes: 808.0-808.9, 820.0-820.9 and 821.0-821.3 ICD-9 codes. Patients in the other-procedure grouping were inpatients who underwent orthopedic surgery without the presence of any of the codes listed above during the duration of the study. The all-procedure grouping consisted of all adult inpatient orthopedic surgeries that occurred during the study period, which encompasses all the groups listed above. To examine non-emergent surgeries, the THA, TKA and spinal fusion groupings excluded patients if they had the following present on admission: cardiovascular accident, deep vein thrombosis, pulmonary embolism, acute myocardial infarction, acute kidney failure, hip fracture, pneumonia, respiratory failure, sepsis and trauma. The all-procedure grouping included emergent procedures. The THA grouping only included patients with an ASA score of 2 and above. Since no THA patients with an ASA score of 1 had POD, the regression analysis was restricted to patients with ASA score of 2 and above to allow for THA patients with ASA score 2 to serve as the reference group in the regression model. This was preferred over grouping patients with ASA score 1 and 2 into one group to serve as the reference since this would bias the results as there would be no THA POD patients with an ASA score of 1 in this group.

POD identification
Patients with POD were identified using the following ICD-9 codes, provided that these conditions were not present on admission: 290.11; 290.3; 291.0; 292.81; 293.0; 293.1; 293.9; 300.11; 300.14; 300.15; 348.31; and 780.09 (Figure 1). There were no patients with ICD-9 codes 290.11 and 300.14 and only a total of 4 with ICD-9 codes 293.1, 300.11 and 300.15. All patients in the post-operative care unit, step down unit and intensive care unit (ICU) were assessed for delirium using the confusion assessment method for the ICU (CAM-ICU) scale. Once transferred to a non-monitored bed in the hospital, during each nursing shift, the covering nurse conducted a CAM-ICU assessment on their assigned patients. If the nurses detected a change in mental status, a physician assistant or nurse practitioner was requested to confirm the diagnosis and report the change to a covering physician. The diagnosis of delirium and/or change in mental status was only made after a practitioner entered the diagnosis in the patient’s medical record. Opioid dependence was identified using any ICD-9 diagnosis code, if present on admission, between 304.00 and 304.93, as well as code V58.69. The occurrence of a postoperative thiamine order was used as a proxy for alcohol abuse. Pressure ulcers were identified by the following ICD-9 diagnosis codes if present on admission: 707.01, 707.02, 707.03, 707.04, 707.05, 707.06, 707.07, 707.09, 707.23 and 707.24. atrial fibrillation (Afib) was identified by the 427.31 ICD-9 diagnosis code if present on admission. Preoperative hyponatremia was defined by a sodium value < 135 mmol/L within 30 days before admission.

Statistical analysis
Preliminary descriptive statistical analysis consisted of frequency counts and percentages for discrete variables and median, intra-quartile range, and minimum and maximum values for continuous variables. Crude inferential analysis consisted of Chi-square and Fisher Exact tests for discrete comparisons and independent samples t-tests for continuous variables. When continuous variables failed to meet the assumption of normality using the Kolmogorov-Smirnov test, non-parametric Mann Whitney U tests were used in place of t-tests. Multivariable logistic regression analysis was used to identify potential risk factors POD while adjusting for any potential confounding. Records with missing data for the regression variable candidates were removed from the analyses. Patients with more than one admission in the study had each admission treated separately. Separate models for spinal fusion, hip arthroplasty, and knee arthroplasty were constructed and separate models with Elixhauser comorbidities and Charlson Comorbidity scores[7,8] were constructed for each procedure type. The models with the Charlson Comorbidity scores were used for sensitivity analyses. Based on age categorizations in the literature, age was treated as a binary variable for all procedure type models; arthroplasty models had patients 70 years old or older vs patients less than 70 years old and spine models had patients 65 years old or older vs patients less than 65 years old[4,9–11]. Multicollinearity for each model was checked and no covariates had a variance inflation factor above 2.0, so they were considered not to be collinear. A model was constructed including, a priori, all patient and clinical variables that were thought to be risk factors, based on literature and physician expertise. Significance was set at 0.05 for all analyses without multiple comparison adjustment since the study was evaluating a single hypothesis: Predictors of delirium. All analyses were performed using SAS 9.3 (Cary, NC, United States). The statistical methods of this study were reviewed by Kara Fields and Joseph T Nguyen from Hospital for Special Surgery.

RESULTS
The incidence of POD was assessed in patients 18 years old or older undergoing non-ambulatory surgery at an orthopedic institution from 2009 to 2014. During this time, there were 78492 surgical inpatient surgeries. Of these patients; 959 were diagnosed with POD; an incidence of 1.2%. The most common diagnostic categories of delirium included altered consciousness, drug induced delirium, and metabolic encephalopathy. The reported incidence of POD increased from 2009 to 2012, and then plateaued from 2012 to 2014 (Figure 2); the majority of the increase occurred in the diagnostic ICD-9 code 293.0 for “delirium due to conditions classified elsewhere.” 
The incidence of delirium varied between the orthopedic surgical procedures (Table 1). The incidence of POD was higher in patients undergoing spinal fusions than for patients undergoing THA, THA patients had the lowest incidence. Also, urgent and/or emergent procedures defined by femoral and pelvic fractures had the highest incidence of POD than all other procedures (Table 1). Of the 78492 inpatient surgeries, 35166 patients were males (44.8%) and 43326 were females (55.2%). The mean age was 62 years (SD ± 14). The mean BMI was 28.8 (SD ± 6.1). Table 2 contains the patient characteristics for all patients undergoing a major elective orthopedic surgery. For these patients, there was a statistically significant difference in age between POD and non-POD patients, with an incidence of 2.5% in patients 70 years old or older compared to an incidence of 0.006% in patients under 70 years old. Patients with POD had higher ASA scores, where 45.7% of POD patients had an ASA score of 3 or higher with an incidence of 3.0% compared to a POD incidence of 0.008% for patients with an ASA score of 2 or lower. Additionally, POD was significantly higher in patients receiving postoperative benzodiazepines; 10.2% of the patients with POD received diazepam vs only 4.0% of the non-POD population. Significantly more narcotics were used by patients with POD than those without. Perioperative thiamine administration which is a marker for pre-existing alcohol use was more common in POD patients. Also, Afib on admission was more common in patients who developed POD than in non-POD patients. Tables 3 and 4 show the patient characteristics of THA and TKA patients. POD was more common in patients 70 years or older in patients undergoing THA and TKA procedures; 80.0% of THA and 69.8% of TKA patients with POD were 70 years old or older vs 35.7% of THA and 41.8% of TKA patients without POD. For TKA patients, the incidence of patients who received a general anesthetic (GA) was 4.9% in POD patients; however only 2.7% of the non-POD TKA patients received a GA for surgery. This statistically significant difference was also seen with the type of postoperative analgesia. The incidence of POD among patients who received epidural patient-controlled analgesia (PCA) was 0.7% for THA patients and 1.2% for TKA patients. In comparison, the incidence of POD among THA patients who received intravenous PCA was 1.2% for THA and 2.1% for TKA patients. In our analysis, 90.7% of the THA patients with a diagnosis of POD had either a CT, MRI or both. 
Table 5 presents the data for spine fusion patients, with similar findings that patients with POD are older with a history of psychiatric illness, opioid dependence, alcohol use and have more comorbidities.
Using regression analysis we identified perioperative risk factors with a significant association with POD, for patients undergoing a THA, TKA or spinal fusion, while controlling for age, sex, BMI, creatinine levels, hyponatremia, thiamine order (alcohol abuse), ASA status, Afib, opioid dependence, pressure ulcers (for THA and spine fusion models only), PCA route, anesthesia type, surgery length, administration of parenteral diazepam, and Elixhauser comorbidities (Table 6). Three additional models were built with the same covariates but with Charslon Comorbidity scores in place of the Elixhauser comorbidities for sensitivity analyses. 42725 of 78492 surgical inpatient surgeries were eligible for regression analyses as only non-emergent THA, TKA and spine fusion patients were included in the regression analyses. Records with missing data for candidate variables were also removed from analyses resulting in 18276 of 18372 eligible patients in the THA model, with 140 of 140 eligible cases remaining; 19987 of 20109 eligible patients in the TKA model, with 245 of 245 eligible cases remaining; and 4183 of 4244 eligible patients in the spine fusion model, with 136 of 137 cases remaining. 
Older age remained a significant risk factor for POD for THA, TKA and spine fusion patients. GA was not seen as a significant risk factor for POD for any procedure type. However, IV PCA remained a significant risk factor for patients undergoing a THA. ASA score of 3 or higher and preoperative hyponatremia remained significant risk factors for THA patients only. Finally, parenteral diazepam, chronic opioid dependence and postoperative thiamine order were significant risk factors for POD for THA, TKA, and spine fusion patients. Models with the Charlson Comorbidity scores provided similar results as with models that included the Elixhauser comorbidities.

DISCUSSION
Over a 6-year period in a cohort of 78492 adult patients undergoing non-ambulatory orthopedic surgery, the incidence of POD was 1.2%. Many of the risk factors identified have been cited in previous reports and are not amenable to modification: advanced age, medical comorbidities, and a history of psychiatric disease. However, some risk factors such as pre-existing narcotic dependence, alcoholism, and hyponatremia are potentially modifiable. In addition to surgical procedure, type of anesthesia and type of postoperative analgesia may affect the incidence of POD and as such be targeted in an attempt to reduce the incidence of POD.
This study had some limitations. First, this study provided insight into the incidence of POD at a single orthopedic specialty institution where the contribution of different procedures and anesthetic/analgesic approaches to the development of POD could be assessed. Since we relied on the reporting of mental status changes using the CAM-ICU methodology, patients with subtle changes in cognition or hypoactive delirium may have been omitted in our tabulation biasing the results toward the null, although the magnitude of this bias would be small. Second, older patients with unrecognized dementia and confusion on admission may have been incorrectly diagnosed with new acute POD biasing the results away from the null, the magnitude of this bias would also be small. A modifiable approach to reduce the incidence of POD has been to target and decrease the use of preoperative polypharmacy involving psychotropic medications[12,13]. This report did not track preoperative medications thus allowing for possible confounding where preoperative psychotropic medications may account for some of the POD incidence seen in this population. Third, we, as others[14], noted an association between preoperative alcohol use and POD. In this report, however we use postoperative administration of thiamine as an indicator of increased preoperative alcohol consumption. Although, it is our policy to administer thiamine to all patients believed to be at risk for alcohol withdrawal, it is possible that some patients may have been omitted biasing the results toward the null, the magnitude of this bias would be small. 
The incidence of POD reported in this study is lower than what has been reported in many previous studies[1,15]. Even in patients greater than 70 years old, our reported incidence of 2.5% is considerably below the reported rates of 15%-20% after elective surgery[12] and 50% after the repair of hip fractures[16]. However, there are reports of a lower incidence of POD in at-risk patient populations[5,17]; Chung et al[18], reported a POD incidence of 3.1% after TKA. Several studies have suggested that the hospital incidence of delirium is under-reported due to the methods used to identify patients with delirium, which often miss patients with hypoactive delirium[19,20]. In the present report, the CAM-ICU algorithm was utilized by nurses to identify patients with a change in mental status. The diagnosis of delirium using CAM-ICU features has been shown to have improved sensitivity compared to observational assessment alone[21]. In addition, in this study the diagnosis was confirmed by a practitioner before the diagnosis was entered into the medical record. Furthermore, early ambulation and multi-modal analgesia which in multiple studies has been shown to reduce the incidence of POD, is a major factor in the postoperative management of the patients in this report. Thus, we believe the incidence of POD reported in this study is accurately represented. 
The incidence of delirium varied between the various non-ambulatory surgical procedures. Pelvic and hip fractures demonstrated the highest rate followed by spinal fusions and then knee arthroplasty. Patients undergoing TKA are older, generally have more pain, increased comorbidities, lose more blood with subsequent increased intravenous fluid infusions, and are hospitalized longer at our institution than those undergoing THA[22]. All of these factors could have contributed to an increase in POD. Weinstein et al[5] also reported an increased incidence of POD in TKA patients compared to THA patients. Although the spinal fusion patients were younger; these patients all were subjected to GA including 97% who also received intravenous PCA narcotics for analgesia. Fineberg et al[9] also reported a higher incidence of POD among spinal fusion patients. We did not find arthroplasty patients undergoing GA had a higher risk of POD than patients who received a regional anesthetic. However, this difference was present in the type of postoperative analgesia received for THA patients; epidural PCA vs intravenous PCA. Some studies have suggested an association between GA and the development of delirium[5]. However, conflicting reports have been published questioning the role of GA in POD[23,24]. Weinstein et al[5] using a similar data base at our institution, found similarly low rates of POD for arthroplasty patients with a higher reported incidence in those patients receiving GA. However, at this institution over 97% of the primary arthroplasty patients received a neuraxial anesthetic for surgery with most cases having GA reserved for patients with contraindications to a spinal or epidural anesthetic (e.g., coagulopathy or previous spinal fusion). Hence, this finding may be confounded by uncontrolled factors. Furthermore, the degree of sedation delivered for the regional anesthetic patients was not recorded or controlled for in this study. Sieber et al[25] reported that in those patients who received spinal anesthesia with deep sedation vs “light” sedation for the repair of hip fractures, the incidence of POD was twice as high. However, this dramatic reduction in POD with reduced sedation was not confirmed in the STRIDE study, where the authors suggested that the benefits of reduced sedation may be obscured by competing baseline comorbidities[26]. 
We found that preoperative narcotic dependence was a major risk factor for the development of POD for THA, TKA and spine fusion patients. Opioid-tolerant patients require higher doses of postoperative opioids, and their pain is more difficult to control. The administration of postoperative opioids, particularly intravenous PCA, has been associated with sleep disturbances, cognitive impairment, and delirium[11,15]. Some studies have also suggested an association between ketamine administration and postoperative confusion[5]. However, perioperative administration of ketamine is often used to manage chronic pain in patients and reduce narcotic requirements[27]. Hence, a direct association between ketamine and delirium is inconclusive[28]. In this study and others[12,19], the postoperative administration of diazepam was associated with the development of POD. Diazepam is not utilized at this institution to treat postoperative confusion, but is instead used to treat anxiety or to prevent benzodiazepine withdrawal.
In summary, we found, in an orthopedic surgical population, an association between POD and many of the unmodifiable risk factors which have been identified in previous reports, including older age, history of psychiatric disease and multiple medical comorbidities. The incidence of POD was lower than many other previous reports, possibly due to our reliance on regional anesthesia and analgesia for many procedures, a commitment to early ambulation for all of our patients and the pursuit of narcotic-avoidance postoperative analgesia. Entering surgery as an opioid tolerant patient significantly increases the risk of POD and all efforts should be aimed at reducing the preoperative narcotic requirements of these patients and a postoperative analgesic protocol which emphasizes a non-narcotic approach should be used. For those patients at risk for POD a multifactorial intervention approach which includes multi-modal analgesia which de-emphasizes opioids, a reduction in the administration of psycho-active medications, preoperative alcohol use counselling and abstinence, early postoperative ambulation and possible early intervention with dexmedetomidate or atypical anti-psychotic medications is recommended for patients undergoing elective orthopedic inpatient surgery.

ARTICLE HIGHLIGHTS
Research background
Postoperative delirium (POD) is one of the most common complications in older adult patients undergoing elective surgery. The reported incidence ranges from 3%-25% after elective surgery. Many perioperative characteristics have been associated with the development of POD including increased length of recovery and hospital stay, as well as increased morbidity and mortality. Fixed risk factors often associated with POD include advanced age, pre-existing central nervous system deficits, psychiatric disease, alcohol abuse, emergency surgery and the presence of multiple comorbidities.
 
Research motivation
Delirium is one of the most common complications in older adult patients undergoing elective surgery. Few studies have compared, within the same institution, the type of surgery, risk factors and type of anesthesia and analgesia associated with the development of delirium. 

Research objectives
We investigated the following three questions: (1) What is the incidence of POD after non-ambulatory orthopedic surgery at a high-volume orthopedic specialty hospital?; (2) Does surgical procedure influence incidence of POD after non-ambulatory orthopedic surgery?; and (3) For POD after non-ambulatory orthopedic surgery, what are modifiable risk factors?. Exploring these questions will help us determine how to treat patients at higher risk for POD when undergoing an orthopedic procedure.

Research methods
Common epidemiological research methodology and statistical analyses were used in this investigation. Electronic health records were collected and preliminary descriptive statistical analysis were conducted. Frequency counts and percentages for discrete variables and median, intra-quartile range, and minimum and maximum values for continuous variables were reported. Crude inferential analysis consisted of Chi-square and Fisher Exact tests for discrete comparisons and independent samples t-tests for continuous variables. When continuous variables failed to meet the assumption of normality using the Kolmogorov-Smirnov test, non-parametric Mann Whitney U tests were used in place of t-tests. Multivariable logistic regression analysis was used to identify potential risk factors POD while adjusting for any potential confounding.

Research results
Of 78492 surgical inpatient surgeries, the incidence from 2009 to 2014 was 1.2% with 959 diagnosed with POD. The incidence of POD was higher in patients undergoing spinal fusions (3.3%) than for patients undergoing total hip arthroplasty (THA) (0.8%); THA patients had the lowest incidence. Also, urgent and/or emergent procedures, defined by femoral and pelvic fractures, had the highest incidence of POD (7.2%) than all other procedures. General anesthesia was not seen as a significant risk factor for POD for any procedure type; however, IV patient-controlled analgesia (PCA) was a significant risk factor for patients undergoing THA [Odds ratio (OR) = 1.98, 95% confidence interval (CI): 1.19 to 3.28, P = 0.008]. Significant risk factors for POD included advanced age (for THA, OR = 4.9, 95%CI: 3.0 to 7.9, P < 0.001; for total knee arthroplasty (TKA), OR = 2.16, 95%CI: 1.58 to 2.94, P < 0.001), American Society of Anesthesiologists (ASA) score of 3 or higher (for THA, OR = 2.01, 95%CI: 1.33 to 3.05, P < 0.001), multiple medical comorbidities, hyponatremia (for THA, OR = 2.36, 95%CI: 1.54 to 3.64, P < 0.001), parenteral diazepam (for THA, OR = 5.05, 95%CI: 1.5 to 16.97, P = 0.009; for TKA, OR = 4.40, 95%CI: 1.52 to 12.75, P = 0.007; for spine fusion, OR = 2.17, 95%CI: 1.19 to 3.97, P = 0.01) , chronic opioid dependence (for THA, OR = 7.11, 95%CI: 3.26 to 15.51, P < 0.001; for TKA, OR = 2.98, 95%CI: 1.38 to 6.41, P = 0.005) and alcohol dependence (for THA, OR = 5.05, 95%CI: 2.72 to 9.37, P < 0.001; for TKA, OR = 6.40, 95%CI: 4.00 to 10.26, P < 0.001; for spine fusion, OR = 6.64, 95%CI: 3.72 to 11.85, P < 0.001). Many of the risk factors identified have been cited in previous reports and are not amenable to modification: advanced age, medical comorbidities, and a history of psychiatric disease. However, some risk factors such as pre-existing narcotic dependence, alcoholism, and hyponatremia are potentially modifiable. In addition to surgical procedure, type of anesthesia and type of postoperative analgesia may affect the incidence of POD and as such be targeted in an attempt to reduce the incidence of POD.

Research conclusions
The incidence of POD reported in this study is lower than what has been reported in many previous studies. Even in patients greater than 70 years old, our reported incidence of 2.5% is considerably below the reported rates of 15%-20% after elective surgery and 50% after the repair of hip fractures. The incidence of delirium varied between the various non-ambulatory surgical procedures. Pelvic and hip fractures demonstrated the highest rate followed by spinal fusions and then knee arthroplasty. Patients undergoing TKA are older, generally have more pain, increased comorbidities, lose more blood with subsequent increased intravenous fluid infusions, and are hospitalized longer at our institution than those undergoing THA. All of these factors could have contributed to an increase in POD. We did not find arthroplasty patients undergoing general anesthesia had a higher risk of POD than patients who received a regional anesthetic. However, this difference was present in the type of postoperative analgesia received for THA patients; epidural PCA versus intravenous PCA. We found that preoperative narcotic dependence was a major risk factor for the development of POD for THA, TKA and spine fusion patients. Opioid-tolerant patients require higher doses of postoperative opioids, and their pain is more difficult to control. The administration of postoperative opioids, particularly intravenous PCA, has been associated with sleep disturbances, cognitive impairment, and delirium. Some studies have also suggested an association between ketamine administration and postoperative confusion. However, perioperative administration of ketamine is often used to manage chronic pain in patients and reduce narcotic requirements. Hence, a direct association between ketamine and delirium is inconclusive. In this study and others, the postoperative administration of diazepam was associated with the development of POD. Diazepam is not utilized at this institution to treat postoperative confusion, but is instead used to treat anxiety or to prevent benzodiazepine withdrawal. Entering surgery as an opioid tolerant patient significantly increases the risk of POD and all efforts should be aimed at reducing the preoperative narcotic requirements of these patients and a postoperative analgesic protocol which emphasizes a non-narcotic approach should be used. For those patients at risk for POD a multifactorial intervention approach which includes multi-modal analgesia which de-emphasizes opioids, a reduction in the administration of psycho-active medications, preoperative alcohol use counselling and abstinence, early postoperative ambulation and possible early intervention with dexmedetomidate or atypical anti-psychotic medications is recommended for patients undergoing elective orthopedic inpatient surgery.

Research perspectives
We hypothesized that regional anesthesia, postoperative opioid sparring techniques, and early ambulation were responsible for the lower incidence of POD in our arthroplasty patients. Future research may involve a program designed for elderly patients at risk for POD undergoing total joint arthroplasty and should include: A regional anesthetic with reduced intravenous sedation; when feasible, local anesthetic blocks for postoperative analgesia; opioid sparring medications including acetaminophen and nonsteroidal anti-inflammatory drugs; time and place orienting by nursing staff; undisturbed sleep while in the hospital; and early ambulation and discharge from the hospital. The incidence of POD in this group should then be compared to controls. The spine fusion patient population, which has a higher incidence of POD, could also be used in future research studies using the postoperative protocol designed for arthroplasty patients outlined above with an alteration to the anesthetic protocol. Spine fusion patients require general anesthesia – in these procedures rather than using a regional anesthetic or local anesthetic block, the general anesthesia can be administered to reduce the patient’s exposure to medications that have the potential to produce delirium. The anesthetic can include intravenous dexmedetomidate, lidocaine and ketamine, all of which will reduce narcotic administration. Furthermore, since preoperative narcotic dependence was associated with POD, future research should also focus on preoperative opioid reduction and clear postoperative pain management expectations.
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Figure 1 The chart shows International Classification of Diseases, Ninth Revision, Clinical Modification codes used for the diagnosis of postoperative delirium.
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Figure 2 The graph shows the incidence of postoperative delirium by year from 2009 to 2014.


Table 1 Incidence for postoperative delirium in specific orthopedic procedures from 2009 to 2014
	Procedure
	Incidence (%)

	Primary THA
	0.8

	Bilateral THA
	0.4

	Primary TKA
	1.2

	Bilateral TKA
	1.2

	Spine fusion
	3.3

	Other spine procedures
	1.9

	Femur/pelvic fracture
	7.2

	Other procedures
	1.0


THA: Total hip arthroplasty; TKA: Total knee arthroplasty.


Table 2 Patient demographics and study population
	
	POD (Mean +/- SD or n, %)
n = 959
	Non-POD (Mean +/- SD or n, %)
n = 77533
	P value

	Age, yr
	72.7+/-12.9
	62.3+/-14.1
	< 0.001a

	≥ 70 
	610 (63.6)
	24038 (31.0)
	< 0.001a

	Male
	389 (40.6)
	34777 (44.9)
	0.008a

	BMI 
	28.2+/-6.2
	28.0+/-6.1
	0.003a

	Procedure type
	
	
	< 0.001a

	THA
	161 (16.8)
	19753 (25.5)
	

	TKA
	249 (26.0)
	20106 (25.9)
	

	Bilateral THA
	3 (0.3)
	853 (1.1)
	

	Bilateral TKA
	29 (3.0)
	2337 (3.0)
	

	Spine fusions
	140 (14.6)
	4135 (5.3)
	

	Other spine procedures
	126 (13.1)
	6587 (8.5)
	

	Other procedures
	251 (26.2)
	23762 (30.7)
	

	Trauma
	
	
	< 0.001a

	Fracture of femur/pelvis
	57 (5.9)
	731 (0.9)
	

	Other trauma
	30 (3.1)
	2607 (3.4)
	

	No trauma
	872 (90.9)
	74195 (95.7)
	

	Length of stay
	6.0+/-7.5
	3.0+/-3.2
	< 0.001a

	Latest creatinine before surgery
	
	
	< 0.001a

	< 1.2 mg/dL
	825 (86.0)
	71048 (91.6)
	

	1.2-2.0 mg/dL
	123 (12.8)
	6229 (8.0)
	

	> 2.0 mg/d 
	11 (1.2)
	256 (0.3)
	

	Preoperative hyponatremia
	
	
	< 0.001a

	Yes
	367 (38.3)
	21290 (27.5)
	

	No
	591 (61.6)
	56190 (72.5)
	

	Missing
	1 (0.1)
	53 (0.07)
	

	Postoperative thiamine order
	
	
	< 0.001a

	Yes
	119 (12.4)
	1390 (1.8)
	

	No
	839 (87.5)
	76122 (98.2)
	

	Missing
	1 (0.1)
	21 (0.03)
	

	Atrial fibrillation (present on admission)
	130 (13.6)
	3815 (4.9)
	< 0.001a

	Pressure ulcers (present on admission)
	23 (2.4)
	323 (0.42)
	< 0.001a

	Opioid dependence or long-term use 
	29 (6.2)
	1245 (1.6)
	< 0.001a

	Psychiatric disease (present on admission) 
	356 (37.1)
	16716 (21.6)
	< 0.001a

	Anesthesia type
	
	
	< 0.001a

	General
	344 (35.9)
	16356 (21.9)
	

	Other
	578 (60.3)
	56067 (72.3)
	

	Missing
	37 (3.9)
	4510 (5.8)
	

	Patient-controlled analgesia
	
	
	< 0.001a

	Epidural
	413 (43.1)
	40991 (52.9)
	

	IV
	441 (46.0)
	22458 (29.0)
	

	Peripheral nerve infusion
	11 (1.2)
	949 (1.2)
	

	Missing
	94 (9.8)
	13135 (16.9)
	

	Received diazepam
	
	
	< 0.001a

	Yes
	98 (10.2)
	3135 (4.0)
	

	No
	860 (89.7)
	74377 (95.9)
	

	Missing
	1 (0.1)
	21 (0.03)
	

	CT, MRI or both performed
	
	
	< 0.001a

	Yes
	872 (90.9)
	64838 (83.6)
	

	No
	86 (9.0)
	12674 (16.4)
	

	Missing
	1 (0.1)
	21 (0.03)
	

	ASA score
	
	
	< 0.001a

	1
	7 (0.73)
	4933 (6.4)
	

	2
	477 (49.7)
	53801 (69.4)
	

	≥ 3
	438 (45.7)
	14274 (18.4)
	

	Missing
	37 (3.9)
	4525 (5.8)

	


aP < 0.05. POD: Postoperative delirium; THA: Total hip arthroplasty; TKA: Total knee arthroplasty; ASA: American society of anesthesiologists; BMI: Body mass index; SD: Standard deviation; CT: Computed tomography; MRI: Magnetic resonance imaging.


Table 3 Total hip arthroplasty patient demographics and study population1
	
	POD (Mean +/- SD or n, %)
n = 140
	Non-POD (Mean +/- SD or n, %)
n = 18232
	P value

	Age, yr
	77.6+/-10.4
	65.5+/-11.4
	< 0.001a

	≥ 70 
	112 (80.0)
	6499 (35.65)
	< 0.001a

	Male
	57 (40.7)
	7891 (43.28)
	0.54

	BMI 
	26.7+/-5.2
	28.4+/-5.8
	< 0.001a

	Length of stay
	6.1+/-4.0
	3.3+/-1.5
	< 0.001a

	Latest creatinine before surgery
	
	
	< 0.001a

	< 1.2 mg/dL
	107 (76.4)
	16376 (89.8)
	

	1.2-2.0 mg/dL
	29 (20.7)
	1781 (9.8)
	

	> 2.0 mg/dL 
	4 (2.9)
	75 (0.4)
	

	Preoperative hyponatremia
	
	
	< 0.001a

	Yes
	40 (28.6)
	2525 (13.9)
	

	No
	100 (71.4)
	15700 (86.1)
	

	Missing
	0 (0)
	7 (0.04)
	

	Postoperative thiamine order
	
	
	< 0.001a

	Yes
	17 (12.1)
	387 (2.1)
	

	No
	123 (87.9)
	17844 (97.9)
	

	Missing
	0 (0)
	1 (0.01)
	

	Atrial fibrillation (present on admission)
	5 (3.6)
	119 (0.7)
	< 0.001a

	Pressure ulcers (present on admission)
	1 (0.7)
	47 (0.3)
	0.31

	Opioid dependence or long-term use 
	9 (6.4)
	199 (1.1)
	< 0.001a

	Psychiatric disease (present on admission) 
	47 (33.6)
	3584 (19.7)
	< 0.001a

	Anesthesia type
	
	
	0.55

	General
	4 (2.7)
	384 (2.1)
	

	Other
	136 (97.1)
	17805 (97.7)
	

	Missing
	0 (0)
	40 (0.2)
	

	Patient-controlled analgesia
	
	
	< 0.001a

	Epidural
	102 (72.9)
	14235 (78.1)
	

	IV
	24 (17.1)
	1306 (7.2)
	

	Missing
	14 (10)
	2691 (14.8)
	

	Received diazepam
	
	
	0.03a

	Yes
	8 (5.7)
	453 (2.5)
	

	No
	132 (94.3)
	17778 (97.5)
	

	Missing
	0 (0)
	1 (0.01)
	

	CT, MRI or both performed
	
	
	0.009a

	Yes
	127 (90.7)
	15616 (85.7)
	

	No
	13 (9.3)
	2615 (14.3)
	

	Missing
	0 (0)
	1 (0.01)
	

	ASA score
	
	
	< 0.001a

	2
	73 (52.1)
	14667 (80.5)
	

	≥ 3
	67 (47.9)
	3519 (19.3)
	

	Missing
	0 (0)
	46 (0.25)
	


1Only includes total hip arthroplasty patients with American society of anesthesiologists score of 2 or higher. aP value < 0.05. POD: Postoperative delirium; ASA: American society of anesthesiologists; CT: Computed tomography; MRI: Magnetic resonance imaging; BMI: Body mass index; SD: Standard deviation.


Table 4 Total knee arthroplasty patient demographics and study population
	
	POD (Mean +/- SD or n, %)
n = 245
	non-POD (Mean +/- SD or n, %)
n = 19864
	P value

	Age, yr
	75.1+/-9.3
	67.6+/-10
	< 0.001a

	≥ 70 
	171 (69.8)
	8304 (41.8)
	< 0.001a

	Male
	89 (36.3)
	7364 (37.1)
	0.81

	BMI 
	30.0+/-6.1
	30.6+/-6.3
	0.13

	Length of stay
	6.0+/-3.2
	3.8+/-1.5
	< 0.001a

	Latest creatinine before surgery
	
	
	< 0.001a

	< 1.2 mg/dL
	203 (82.9)
	17828 (89.8)
	

	1.2-2.0 mg/dL
	37 (15.1)
	1954 (9.8)
	

	> 2.0 mg/dL 
	5 (2.0)
	82 (0.4)
	

	Preoperative hyponatremia
	
	
	0.07

	Yes
	45 (18.4)
	2837 (14.3)
	

	No
	200 (81.6)
	17019 (85.7)
	

	Missing
	0 (0)
	8 (0.04)
	

	Postoperative thiamine order
	
	
	< 0.001a

	Yes
	28 (11.4)
	332 (1.7)
	

	No
	217 (88.6)
	19530 (98.3)
	

	Missing
	0 (0)
	2 (0.01)
	

	Atrial fibrillation (present on admission)
	46 (18.8)
	1190 (6.0)
	< 0.001a

	Pressure ulcers (present on admission)
	1 (0.4)
	29 (0.2)
	0.31

	Opioid dependence or long-term use 
	9 (3.7)
	198 (1.0)
	0.001a

	Psychiatric disease (present on admission) 
	77 (31.4)
	3915 (19.7)
	< 0.001a

	Anesthesia type
	
	
	0.04a

	General
	12 (4.9)
	545 (2.7)
	

	Other
	233 (95.1)
	19252 (96.9)
	

	Missing
	0 (0)
	67 (0.3)
	

	Patient-controlled analgesia
	
	
	0.005a

	Epidural
	179 (73.1)
	15151 (76.3)
	

	IV
	38 (15.5)
	1801 (9.1)
	

	Peripheral nerve infusion
	9 (3.7)
	711 (3.6)
	

	Missing
	19 (7.8)
	2201 (11.1)
	

	Received diazepam
	
	
	0.003a

	Yes
	12 (4.9)
	381 (1.9)
	

	No
	233 (95.1)
	19481 (98.1)
	

	Missing
	0 (0)
	2 (0.01)
	

	CT, MRI or both performed
	
	
	0.14

	Yes
	226 (92.2)
	17733 (89.3)
	

	No
	19 (7.8)
	2129 (10.7)
	

	Missing
	0 (0)
	2 (0.01)
	

	ASA score
	
	
	< 0.001a

	1
	2 (0.8)
	489 (2.46)
	

	2
	130 (53.1)
	14933 (75.2)
	

	≥ 3
	113 (46.1)
	4327 (22.0)
	

	Missing
	0 (0)
	70 (0.4)
	


aP value < 0.05. POD: Postoperative delirium; ASA: American society of anesthesiologists; CT: Computed tomography; MRI: Magnetic resonance imaging; BMI: Body mass index; SD: Standard deviation.


Table 5 Spine fusion patient demographics and study population
	
	POD (Mean +/- SD or n, %)
n = 137
	non-POD (Mean +/- SD or n, %)
n = 4107
	P value

	Age, yr
	67.5+/-12.5
	60.1+/-15.6
	< 0.001a

	≥ 65 
	91 (66.4)
	1765 (43.0)
	< 0.001a

	Male
	54 (39.4)
	1810 (44.1)
	0.28

	BMI 
	28.5+/-6.5
	28.1+/-5.9
	0.40

	Length of stay
	9.0+/-5.1
	5.6+/-3.6
	< 0.001a

	Latest creatinine before surgery
	
	
	0.01a

	< 1.2 mg/dL
	116 (84.7)
	3754 (91.4)
	

	1.2-2.0 mg/dL
	20 (14.6)
	346 (8.4)
	

	> 2.0 mg/dL 
	1 (0.7)
	7 (0.2)
	

	Preoperative hyponatremia
	
	
	0.16

	Yes
	43 (31.4)
	1070 (26.1)
	

	No
	94 (68.6)
	3033 (73.9)
	

	Missing
	0 (0)
	4 (0.1)
	

	Postoperative thiamine order
	
	
	< 0.001a

	Yes
	20 (14.6)
	93 (2.3)
	

	No
	117 (85.4)
	4013 (97.7)
	

	Missing
	0 (0)
	1 (0.02)
	

	Atrial fibrillation (present on admission)
	12 (8.8)
	135 (3.3)
	0.003a

	Pressure ulcers (present on admission)
	3 (2.2)
	13 (0.32)
	< 0.001a

	Opioid dependence or long-term use 
	11 (8.0)
	124 (3.0)
	0.004a

	Psychiatric disease (present on admission) 
	65 (47.5)
	1185 (28.9)
	< 0.001a

	Anesthesia type
	
	
	1

	General
	136 (99.3)
	4052 (98.7)
	

	Other
	0 (0)
	8 (0.2)
	

	Missing
	1 (0.7)
	47 (1.1)
	

	Patient-controlled analgesia
	
	
	1

	Epidural
	0 (0)
	18 (0.4)
	

	IV
	136 (99.3)
	3968 (96.6)
	

	Missing
	1 (0.7)
	121 (3.0)
	

	Received diazepam
	
	
	< 0.001a

	Yes
	34 (24.8)
	476 (11.6)
	

	No
	103 (75.2)
	3630 (88.4)
	

	Missing
	0 (0)
	1 (0.02)
	

	CT, MRI or both performed
	
	
	0.26

	Yes
	136 (99.3)
	3999 (97.4)
	

	No
	1 (0.7)
	107 (2.6)
	

	Missing
	0 (0)
	1 (0.02)
	

	ASA score
	
	
	< 0.001a

	1
	1 (0.7)
	214 (5.2)
	

	2
	78 (56.9)
	2974 (72.4)
	

	≥ 3
	57 (41.6)
	871 (21.2)
	

	Missing
	1 (0.7)
	48 (1.2)
	


aP < 0.05. POD: Postoperative delirium; ASA: American society of anesthesiologists; CT: Computed tomography; MRI: Magnetic resonance imaging; BMI: Body mass index; SD: Standard deviation.


Table 6 Perioperative risk factors and adjusted association with postoperative delirium by procedure
	
	THA
OR (95%CI)
n = 18276
	THA
P value
	TKA
OR (95%CI)
n = 19987
	TKA
P value
	SF
OR (95%CI)
n = 4183
	SF
P value

	Age, yr
	
	
	
	
	
	

	≥ 70 vs < 70
	4.9 (3.0, 7.9)
	< 0.001a
	2.16 (1.58, 2.94)
	< 0.001a
	-
	-

	≥ 65 vs < 65
	-
	-
	-
	-
	2.76 (1.79, 4.25)
	< 0.001a

	Male
	0.90 (0.60, 1.35)
	0.62
	0.82 (0.60, 1.12)
	0.21
	0.73 (0.48, 1.10)
	0.13

	BMI
	0.94 (0.90, 0.98)
	0.004a
	0.99 (0.96, 1.02)
	0.37
	0.99 (0.95, 1.02)
	0.46

	Latest creatinine value before surgery
	
	
	
	
	
	

	1.2-2.0 mg/dL vs < 1.2 mg/dL
	1.77 (1.05, 3.00)
	0.03a
	0.79 (0.49, 1.27)
	0.32
	1.40 (0.73, 2.68)
	0.31

	> 2.0 mg/dL vs < 1.2 mg/dL
	4.08 (1.06, 15.66)
	0.04a
	1.39 (0.46, 4.20)
	0.56
	2.26 (0.20, 26.24)
	0.51

	Preoperative hyponatremia
	2.36 (1.54, 3.64)
	< 0.001a
	1.25 (0.87, 1.79)
	0.23
	1.24 (0.82, 1.88)
	0.31

	PCA route
	
	
	
	
	
	

	IV vs Epidural
	1.98 (1.19, 3.28)
	0.008a
	1.26 (0.83, 1.92)
	0.27
	-
	-

	Peripheral nerve infusion vs Epidural
	-
	-
	0.93 (0.47, 1.86)
	0.85
	-
	-

	Postoperative thiamine order
	5.05 (2.72, 9.37)
	< 0.001a
	6.40 (4.00, 10.26)
	<0.001a
	6.64 (3.72, 11.85)
	<0.001a

	ASA Score
	
	
	
	
	
	

	2 vs 1
	-
	-
	1.91 (0.26, 13.88)
	0.52
	1.90 (0.25, 14.19)
	0.53

	> 3 vs 1
	-
	-
	3.63 (0.49, 26.74)
	0.21
	2.38 (0.31, 18.46)
	0.41

	≥ 3 vs 2
	2.01 (1.33, 3.05)
	< 0.001a
	-
	-
	-
	-

	Anesthesia type
	
	
	
	
	
	

	Other vs general
	2.92 (0.66, 12.85)
	0.16
	0.89 (0.43, 1.82)
	0.74
	-
	-

	Surgery length
	1.00 (1.00, 1.01)
	0.10
	1.00 (0.99, 1.01)
	0.55
	1.00 (1.00, 1.00)
	<0.001a

	Atrial fibrillation, present on admission
	0.97 (0.53, 1.77)
	0.91
	1.93 (1.32, 2.81)
	<0.001a
	2.19 (1.09, 4.41)
	0.03a

	Pressure ulcers, present on admission
	0.65 (0.08, 5.05)
	0.68
	-
	-
	7.56 (1.89, 30.24)
	0.004a

	Opioid dependence or long-term use
	7.11 (3.26, 15.51)
	< 0.001a
	2.98 (1.38, 6.41)
	0.005a
	1.88 (0.91, 3.90)
	0.09

	Parenteral diazepam
	5.05 (1.5, 16.97)
	0.009a
	4.40 (1.52, 12.75)
	0.007a
	2.17 (1.19, 3.97)
	0.01a

	Elixhauser comorbidity
	
	
	
	
	
	

	Deficiency anemias
	1.64 (0.74, 3.63)
	0.22
	1.10 (0.57, 2.11)
	0.78
	1.11 (0.42, 2.93)
	0.83

	Congestive heart failure
	2.35 (0.93, 5.96)
	0.07
	1.59 (0.74, 3.38)
	0.23
	1.54 (0.39, 6.11)
	0.54

	Rheumatoid arthritis/collagen vascular diseases
	1.06 (0.45, 2.51)
	0.900
	0.35 (0.13, 0.94)
	0.04a
	1.02 (0.49, 2.13)
	0.95

	Chronic pulmonary disease
	1.13 (0.67, 1.92)
	0.64
	0.84 (0.55, 1.28)
	0.41
	1.06 (0.65, 1.73)
	0.82

	Coagulopathy
	1.32 (0.39, 4.53)
	0.66
	1.60 (0.70, 3.62)
	0.26
	2.80 (1.05, 7.50)
	0.04a

	Depression
	1.70 (1.05, 2.75)
	0.03a
	1.47 (1.02, 2.11)
	0.04a
	2.61 (1.73, 3.92)
	<0.001a

	Diabetes w/o chronic complications
	1.54 (0.90, 2.64)
	0.12
	1.90 (1.36, 2.66)
	< 0.001a
	1.54 (0.92, 2.58)
	0.10

	Diabetes w chronic complications
	2.05 (0.45, 9.23)
	0.35
	1.77 (0.68, 4.58)
	0.24
	3.34 (1.02, 10.91)
	0.046a

	Hypertension
	1.62 (1.06, 2.48)
	0.03a
	1.21 (0.59, 1.64)
	0.23
	1.00 (0.66, 1.51)
	0.99

	Hypothyroidism
	1.01 (0.61, 1.66)
	0.98
	1.46 (1.06, 2.02)
	0.02a
	1.07 (0.65, 1.76)
	0.80

	Liver disease
	0.41 (0.05, 3.22)
	0.40
	0.70 (0.16, 3.07)
	0.63
	0.71 (0.15, 3.30)
	0.66

	Lymphoma
	1.33 (0.25, 7.20)
	0.74
	-
	-
	-
	-

	Fluid and electrolyte disorders
	0.31 (0.04, 2.43)
	0.26
	1.41 (0.44, 4.56)
	0.57
	1.14 (0.36, 3.63)
	0.82

	Other neurological disorders
	2.04 (0.98. 4.27)
	0.06
	2.79 (1.69, 4.60)
	< 0.001a
	2.14 (1.10, 4.14)
	0.02a

	Obesity
	1.06 (0.53, 2.12)
	0.88
	0.79 (0.53, 1.19)
	0.27
	1.56 (0.90, 2.69)
	0.11

	Peripheral vascular disorders
	1.20 (0.47, 3.10)
	0.70
	1.40 (0.62, 3.16)
	0.42
	1.68 (0.64, 4.42)
	0.30

	Psychoses
	2.52 (0.81, 7.90)
	0.11
	6.39 (3.51, 11.62)
	< 0.001a
	4.95 (2.38, 10.28)
	<0.001a

	Pulmonary circulation disorders
	1.20 (0.47, 3.10)
	0.70
	1.69 (0.89, 3.23)
	0.11
	1.57 (0.51, 4.88)
	0.44

	Renal failure
	0.94 (0.41, 2.15)
	0.88
	2.32 (1.31, 4.11)
	0.004a
	0.97 (0.39, 2.45)
	0.95

	Solid tumor w/o metastasis
	-
	-
	1.42 (0.31, 6.45)
	0.65
	-
	-

	Valvular disease
	1.08 (0.59, 1.97)
	0.80
	1.23 (0.79, 1.92)
	0.37
	1.17 (0.61, 2.26)
	0.63

	Weight loss
	0.61 (0.05, 7.46)
	0.70
	7.14 (0.62, 82.11)
	0.11
	-
	-


aP < 0.05. POD: Postoperative delirium; THA: Total hip arthroplasty; TKA: Total knee arthroplasty; ASA: American society of anesthesiologists; PCA: Patient-controlled analgesia; SF: Spine fusion surgery; CI: Confidence interval; BMI: Body mass index; OR: Odds ratio.
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