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Abstract

Background—The aim of this retrospective study was to identify perioperative variables 

predictive of the development of delirium in older surgical patients after spine surgery.

Methods—We collected pre-, intra- and postoperative data on patients ≥ 65 years of age having 

spine surgery between July 1, 2015 and March 15, 2017. The primary outcome was the 

development of postoperative delirium. Data were analyzed using univariate and multivariable 

analysis.

Results—Among the 716 patients included in this study 127 (18%) developed postoperative 

delirium. On multivariable analysis, independent predictors of postoperative delirium included 

older age (OR = 1.04 [95% (CI) 1.00 to 1.09]; P = 0.048), American Society of Anesthesiologists 

physical status > 2 (OR = 1.89 [95% CI 1.04 to 3.59]; P = 0.042), metabolic equivalents of task < 

4 (OR = 1.84 [95% CI 1.10 to 3.07]; P = 0.019), depression (OR = 2.01 [95% CI 1.21 to 3.32]; P = 

0.006), non-elective surgery (OR = 4.81 [95% CI 1.75 to 12.79]; P = 0.002), invasive surgical 

procedures (OR = 1.97 [95% CI 1.10 to 3.69]; P = 0.028) and higher mean pain scores on 

postoperative day 1 (OR = 1.28 [95% CI 1.11 to 1.48]; P < 0.001).

Conclusions—Postoperative delirium is a common complication in older patients after spine 

surgery, and there are several perioperative risk factors associated with its development.

Summary Statement:

Age, ASA physical status, metabolic equivalents of task, invasiveness, BIS monitoring an pain 

score on postoperative day 1 were predictive of postoperative delirium in older patients 

undergoing spine surgery.

Introduction

Improved social conditions and medical advances have resulted in marked increases in 

global life expectancy. Worldwide, 8.5% of the population is over the age of 65 years and 

this number is expected double over the next 30 years with 88 million people in the United 

States expected to be 65 years of age or older by 2050.1 This is important as nearly half of 

all surgical procedures are performed on patients over the age of 65 years.1,2 Spine surgery 

is one of the most commonly performed surgical procedures in older patients but is 

associated with an increased risk of adverse postoperative outcomes and mortality in older 

surgical patients.3,4

Delirium is among one of the most common complications following surgery and has been 

associated with worse surgical outcomes including postoperative complications, longer 

hospital length of stay, institutionalization at discharge, increased medical costs and 

increased postoperative mortality.5 The incidence of postoperative delirium after spine 
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surgery varies, and may occur in up to 41% of older patients.6 Preoperative risk factors such 

as older age, baseline cognitive impairment, pain, depression, number of medications, 

neurologic diseases, anemia, and weight loss have all been found to be independent 

predictors of postoperative delirium.6–8 Intraoperatively, hypotension, blood transfusion, 

aggressive fluid administration and longer durations of surgery have been identified as risk 

factors for the development of postoperative delirium after spine surgery.6,9 Older patients 

that develop delirium in the postoperative period after spine surgery are more likely to have 

an increased hospital length of stay, institutionalization, 30-day hospital readmission and 30-

day mortality.7,8,10

Although the incidence and risk factors for the development of delirium have been widely 

studied in other settings, there are few studies6–9 addressing this topic in older spine patients 

that have more geriatric conditions such as institutionizilation at baseline, marital status, 

chronic pain, anxiety, depression, polypharmacy and physical disabilities.11 The primary 

outcome of this retrospective study was to identify pre-, intra- and postoperative variables 

that are predictors of postoperative delirium in older surgical patients after spine surgery. 

Secondary outcomes were to identify pre-, intra- and postoperative predictors of other in-

hospital complications, hospital length of stay, discharge to place other than home, 30-day 

hospital readmission and 30-day mortality.

Materials and Methods

The Partners Institutional Review Board (IRB) approved this study, and waived the need for 

patient consent. Medical records of all patients ≥ 65 years of age that had spine surgery 

(cervical, thoracic, lumbar or sacral/pelvic) at the Brigham and Women’s Hospital between 

July 1, 2015 and March 15, 2017 were identified and reviewed. We excluded from the 

analysis incomplete anesthesia records, outpatient procedures and reoperations resulting 

from the primary surgery. Accordingly, a total of 716 patients were available for analysis.

We defined the primary outcome as postoperative delirium assessed by comprehensive chart 

review by three independent investigators using published criteria12 (including review of all 

entries written in the medical record suggesting an acute onset and fluctuating course, 

inattention (easily distractable) and either an altered level of consciousness (e.g. agitation, 

drowsiness) or disorganized thinking or a formal cognitive assessment for delirium) or 

discharge diagnosis using ICD9 or ICD10 codes (“Delirium due to known physiological 

condition” (ICD10-F05), “Acute delirium” (ICD9–293), “Alcohol dependence with 

withdrawal delirium” (ICD10- F10.231) and “Alcohol withdrawal delirium” (ICD9–291)). 

To avoid bias we excluded from the analysis for the primary outcome any patient with 

alcohol withdrawal delirium and otherwise included all patients that did not meet our a priori 
exclusion criteria. Secondary outcomes included other in-hospital cardiopulmonary 

(myocardial infarction, congestive heart failure, cardiac arrest, new onset arrhythmia, 

pulmonary embolism, reintubation and deep venous thrombosis), infectious (wound 

infections, pneumonia, sepsis and urinary tract infection), renal (acute renal injury), or 

cerebrovascular (stroke and transient ischemic accident) complications; hospital length of 

stay after surgery, discharge to place other than home (those living elsewhere before surgery 

were excluded from this analysis), 30-day hospital readmission and 30-day mortality.
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Preoperatively we collected data on age, sex, baseline living situation (independent housing 

or nursing home/facility), marital status (married/partner or other), body mass index, 

American Society of Anesthesiology (ASA) physical status (< 3 or ≥ 3), metabolic 

equivalents of task (< 4 or ≥ 4), depression (diagnosis of or prescription for anti-depressant 

medication), anxiety (diagnosis of or prescription for anti-anxiety medication), total number 

of medications, preoperative opioid use, number of prior surgical procedures and case 

classification (elective or non-elective) from the patients medical record.

The type of surgical procedure was categorized by invasiveness into 4 tiers: tier 1, 

microdiscectomy; tier 2, lumbar laminectomy, anterior cervical procedures or minimally 

invasive fusions; tier 3, lumbar fusion, trauma, or posterior cervical fusion procedures; and 

tier 4, tumor, infection, deformity, or combined anterior and posterior cervical procedures.13 

For the analysis, we grouped the tiers into 2 categories: tier 1 and tier 2 or tier 3 and tier 4. 

Other intraoperative variables included in the analysis included type of anesthesia (total 

intravenous, total intravenous plus volatile or volatile anesthesia), Bispectral Index (BIS) 

use, estimated blood loss (< 500 ml, 501 to 999 ml and >1000 ml), transfusion of blood 

products (red blood cells, plasma or platelets), hospital length of stay after surgery and 

opioid administration expressed as intravenous morphine equivalent’s calculated using 

standard conversion rates in a web-based calculator from data gathered from the patients 

electronic medical record.14,15 Postoperatively, we collected data on the mean pain score on 

postoperative day 1 (Numeric Rating Scale for pain from 0 to 10)16 and opioid requirements 

on postoperative day 1 expressed as intravenous morphine equivalents as described above. 

Postoperative outcomes were identified either by documentation identified in the patients 

medical record or Partners Research Patient Data Registry (RPDR) which gathers data from 

hospital systems and stores it in the research registry.

Study data were collected and managed using REDCap electronic data capture tools hosted 

at Brigham and Women’s Hospital.17 REDCap (Research Electronic Data Capture) is a 

secure, web-based application designed to support data capture for research studies.

Statistical analysis

The perioperative variables included in the multivariable analysis for the primary outcome, 

postoperative delirium, were identified using univariate analyses. Continuous variables (age, 

body mass index, total number of medications, number of past previous surgeries, length of 

surgery, intraoperative opioid administration, mean pain score on postoperative day 1 and 

opioid requirements on postoperative day 1) were evaluated using the Student’s t test or 

Wilcoxon rank sum test for non-normal variables to compare the differences between 

delirium and no delirium groups. Categorical variables (sex, baseline living situation, marital 

status, ASA physical status, metabolic equivalents of task, depression, anxiety, preoperative 

opioid use, case classification, invasiveness, type of anesthesia, BIS use, estimated blood 

loss and transfusion of blood products) were compared using χ2 test or Fisher’s exact test 

for small samples between the two groups. All the covariates with P < 0.1 in the univariate 

analysis were entered into the multiple logistic model for delirium. The final model was 

based on Akaike Information Criterion (AIC), likelihood ratio test, and the significance 

threshold with P < 0.05. This procedure was similarly performed for having any other in-
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hospital complications, discharge to other place than home and 30-day readmission. Model-

fitting of the logistic models were evaluated using the Hosmer-Lemeshow goodness of fit 

test. A generalized linear model with the Gamma distribution and log link was used for 

modeling hospital length of stay after surgery.

After analyzing the results, we identified that BIS use during anesthesia was associated with 

the development of postoperative delirium. To understand which variables were associated 

with the use of BIS monitoring during anesthesia we performed a post-hoc univariate 

analysis to compare the groups. We also performed a post-hoc analysis comparing the group 

of patients who had missing variables to those who did not, to address potential bias.

All analyses were performed with statistical software R version 3.4.1 (R Foundation, 

Vienna, Austria).

Results

We identified 753 potential patients ≥ 65 years of age and excluded those with incomplete 

records (n = 1), outpatient procedures (n = 1) and reoperations resulting from the primary 

surgery (n = 35) accordingly, 716 patients were included in this analysis (Figure 1).

Baseline characteristics of the population by postoperative delirium status are shown in 

Table 1. The mean age ± standard deviation of the cohort was 74 ± 6 years old and 49% 

were male. One hundred and twenty-seven (17.8%) developed postoperative delirium 

(primary outcome measure) (Table 1). Only one case of alcohol withdrawal delirium was 

identified and that patient was excluded from the analysis of delirium. There were a number 

of preoperative (Table 1), intraoperative and postoperative (Table 2) predictors of 

postoperative delirium. On multivariable analysis, adjusting for other independent predictors 

of postoperative delirium older age (Odds Ratio (OR) = 1.04 [95% Confidence Interval (CI) 

1.00 to 1.09]; P = 0.048) for every one year increase in age, ASA physical status ≥ 3 (OR = 

1.89 [95% CI 1.04 to 3.59]; P = 0.042) relative to ≤ 2, metabolic equivalents of task < 4 (OR 

= 1.84 [95% CI 1.10 to 3.07]; P = 0.019) relative to ≥ 4, depression (OR = 2.01 [95% CI 

1.21 to 3.32]; P = 0.006) relative to those without depression, non-elective surgery (OR = 

4.81 [95% CI 1.75 to 12.79]; P = 0.002) relative to elective surgery, more invasive surgical 

procedure (OR = 1.97 [95% CI 1.10 to 3.69]; P = 0.028) relative to less invasive surgery, 

BIS monitoring during anesthesia (OR = 2.09 [95% CI 1.22 to 3.70]; P = 0.009) relative to 

those without BIS monitoring and higher mean pain score on postoperative day 1 (OR = 

1.28 [95% CI 1.11 to 1.48]; P < 0.001) for each point increase in pain score (Table 3) were 

independent predictors of postoperative delirium. The receiver operating characteristic 

(ROC) curve is shown in Figure 2. The area under the cuve of the final model was 0.78 

(95% CI 0.72 to 0.83).

Not surprisingly, on univariate analysis, postoperative delirium was associated with the 

development of other in-hospital complications (P < 0.001), longer hospital length of stay (P 

< 0.001), discharge to place other than home (P < 0.001), 30-day hospital readmission (P = 

0.002) and 30-day mortality (P = 0.002. (Table 4)
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Ninety-four patients (13.1%) had postoperative complications other than delirium during 

their hospital stay (Table 4). On multivariable analysis, predictors of other postoperative 

complications included the development of postoperative delirium (adjusted OR = 3.52 

[95% CI 2.08 to 5.91]; P < 0.001), living in a nursing home or facility (adjusted OR = 3.38 

[95% CI 1.40 to 7.87]; P = 0.021), non-elective surgery (adjusted OR = 3.29 [95% CI 1.65 

to 6.46]; P = 0.002) and intraoperative transfusion of blood products (adjusted OR = 2.75 

[95% CI 1.37 to 5.40]; P = 0.015) (Table 5A). (See Supplementary Table 1 for univariate 

analysis).

On multivariable analysis, postoperative delirium increased hospital stay by 60% 

(Exponentiated estimate = 1.60 [95% CI 1.43 to 1.80]; P < 0.001) (Table 5B). Other 

perioperative variables that were associated with an increased hospital length of stay on 

multivariable analysis included non-elective surgery (Exponentiated estimate = 1.68 [95% 

CI 1.43 to 1.99]; P < 0.001), more invasive surgical procedure (Exponentiated estimate = 

1.32 [95% CI 1.20 to 1.44]; P < 0.001), intraoperative transfusion of blood products 

(Exponentiated estimate = 1.36 [95% CI 1.16 to 1.60]; P < 0.001) and higher postoperative 

day 1 mean pain score (Exponentiated estimate = 1.04 [95% CI 1.01 to 1.06]; P = 0.008) 

(Table 5B). (See Supplementary Table 2 for univariate analysis)

Two hundred and fifty-four (41.3%) patients living at home before surgery were discharged 

to other place than home after surgery (Table 4). On multivariable analysis, postoperative 

delirium increased the odds of discharge to other place than home (OR = 4.51 [95% CI 2.35 

to 8.93]; P < 0.001) (Table 4). Older age (OR = 1.11 [95% CI 1.06 to 1.16]; P < 0.001), not 

being married or living with a partner (OR = 2.17 [95% CI 1.31 to 3.61]; P = 0.010), higher 

body mass index (OR = 1.05 [95% CI 1.00 to 1.10]; P = 0.144), ASA physical status ≥ 3 

(OR = 1.88 [95% CI 1.11 to 3.20]; P = 0.078), more preoperative medications (OR = 1.06 

[95% CI 1.00 to 1.13]; P = 0.195), more invasive surgical procedure (OR = 2.38 [95% CI 

1.42 to 4.06]; P = 0.005), longer surgery (OR = 1.00 [95% CI 1.00 to 1.01]; P = 0.016) and 

estimated blood loss > 1000 ml (OR = 7.56 [95% CI 2.55 to 28.11]; P = 0.003) were 

independent predictors of discharge to other place than home on multivariable analysis 

(Table 5C). (See Supplementary Table 3 for univariate analysis)

The 30-day readmission rate was 7.5% (Table 4) and none of the variables were significant 

in the multivariable logistic model (See supplementary Table 4 for univariate analysis).

Of 716 patients in this study, 12 patients (1.7%) died within 30 days of surgery. 

(Supplementary Table 5). None of the variables were significant in the logistic model due to 

small sample size (Results not shown).

We performed a post-hoc analysis to study the differences between the group of patients 

with missing variables and those with complete variables and found that only patients 

undergoing non-elective surgery had significantly more missing information (P < 0.001).

A post-hoc univariate analysis demonstrated that the use of BIS monitoring was associated 

with ASA physical status ≥ 3 (P = 0.013), metabolic equivalents of task < 4 (P = 0.042), 

greater estimated blood loss (P = 0.041), more invasive surgical procedures (P = 0.027), total 
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intravenous anesthesia (P < 0.001), intraoperative transfusion of blood products (P = 0.006) 

and longer surgery (P < 0.001).

Discussion

Postoperative delirium was the most common complication in this cohort of older adults 

undergoing spine surgery. Older age, functional impairment, depression, non-elective and 

more invasive surgery, BIS use and poorly controlled postoperative pain were predictors of 

developing postoperative delirium. The development of postoperative delirium was 

associated with worse outcomes after surgery including an increased risk of other 

postoperative in-hospital complications, longer hospital length of stay and discharge to place 

other than home.

Our finding that postoperative delirium occurred in 18% of patients having spine surgery is 

consistent with the findings of others who have variably reported the incidence of 

postoperative delirium between 4% to 41%.6,10 The variability in the reported incidence of 

delirium may represent variability in the methods used to detect delirium,18 and variability 

in study inclusion criteria such as age, case classification and type of procedure.6,7,10,19

Identification of risk factors associated with postoperative delirium during the preoperative 

assessment of older adults may allow clinicians to implement strategies to reduce its 

incidence with the ultimate goal of improving patient outcomes.20 Prior studies have 

identified advanced age, lower metabolic equivalents of task, higher ASA physical status, 

non-elective surgery, depression and higher postoperative pain scores as risk factors for the 

development of postoperative delirium after surgery.21–28 We found it interesting that the use 

of BIS monitoring during anesthesia was associated with postoperative delirium, even 

though there is a growing body of evidence suggesting that intraoperative 

electroencephalogram monitoring may actually reduce the risk of postoperative delirium.
29,30 However, this finding is confounded by the fact that BIS monitoring was used in 

patients at higher risk for the development of postoperative delirium including those with 

higher ASA physical status, lower metabolic equivalents of task and in those having more 

invasive, hemorrhagic and longer procedures, suggesting that practicing anesthesiologists 

may be more likely to use BIS monitoring in high risk patient populations.

It has been long known that postoperative delirium is associated with adverse outcomes 

including longer hospital length of stay, discharge to place other than home, and functional 

decline after surgery.31,32 Moreover, studies suggest that patients whose postoperative 

course is complicated by the development of delirium may have an increase long-term 

mortality, hospital re-admissions, cognitive impairment and worsening quality of life.32

This study has several limitations. Its retrospective nature impairs an accurate analysis of all 

potential perioperative risk factors associated with postoperative delirium and other adverse 

outcomes, mainly due to missing variables. We attempted to address this problem by 

performing a post-hoc analysis of the missing information and found that patients who had 

non-elective surgeries where the only group to be more likely to not having a complete 

medical record. There may be other potential confounders, mainly intra- and postoperative 
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factors, including the elective use of a BIS monitor in older patients, more debilitated paients 

and the reliance on comprehensive chart review, although well validated, for the diagnosis of 

postoperative delirium.

In conclusion, our study reinforces existing evidence that postoperative delirium is a 

common complication in older patients after spine surgery and that there are several 

perioperative risk factors associated with delirium and other adverse outcomes. In addition, 

this study has identified social factors such as living in a care facility and marital status as 

potential factors in the development of adverse outcomes in older patients. Care providers 

should consider a focused multidisciplinary preoperative assessment that includes an 

evaluation of baseline medical comorbidities, social environment, and geriatric conditions 

that may identiy older patients that are at high risk for developing adverse postoperative 

outcomes and to develop individualized preoperative optimization strategies to enhance 

patient outcomes in older adults undergoing elective and non-elective spine surgery.33

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram based on primary outcome (Postoperative Delirium)
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Figure 2. 
Receiver operating characteristic (ROC) curve of the final model for postoperative delirium.
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Table 1.

Baseline characteristics and postoperative delirium (univariate analysis)

Postoperative Delirium Status

Total n = 715 (%) Yes n = 127 (17.8) No n = 588 (82.2) P-value

Preoperative variables

Age, years, mean ± SD 73.6 ± 6.0 75.0 ± 6.6 73.3 ± 5.9 0.005
1

Male, n (%) 351 (49.1) 60 (47.2) 292 (49.5) 0.646
2

Baseline living situation, n (%), n = 648

 Independent 619 (95.5) 115 (92.0) 504 (96.4)

 Nursing home/ Facility 29 (4.5) 10 (8.0) 19 (3.6) 0.034
2

Marital status, n (%), n = 705

 Married / Partner 490 (69.5) 85 (68.0) 405 (69.8)

 Other 215 (30.5) 40 (32.0) 175 (30.2) 0.687
2

Body mass index, Kg/m2, mean ± SD, n = 706 29.0 (5.5) 29.2 (6.1) 28.9 (5.4) 0.591
1

ASA physical status, n (%)

 < 3 243 (34.0) 18 (14.2) 225 (38.3)

 ≥ 3 472 (66.0) 109 (85.8) 363 (61.7) <0.001
2

Metabolic Equivalents of Task, n (%), n = 612

 < 4 169 (27.6) 44 (46.8) 125 (24.1)

 ≥ 4 443 (72.4) 50 (53.2) 393 (75.9) <0.001
2

Depression, n (%), n = 701

 No 461 (65.8) 61 (49.6) 400 (69.2)

 Yes 240 (34.2) 62 (50.4) 178 (30.8) <0.001
2

Anxiety, n (%), n = 703

 No 512 (72.8) 78 (63.4) 434 (74.8)

 Yes 191 (27.2) 45 (36.6) 146 (25.2) 0.010
2

Total number of medications median [25th-75th], n = 712 7 [5–11] 8 [6–12] 7 [5–11] 0.002
3

Preoperative opioid use, n (%), n = 712

 No 449 (63.1) 65 (51.6) 384 (65.5)

 Yes 263 (36.9) 61 (48.4) 202 (34.5) 0.003
2

Number of past previous surgeries median [25th-75th], n = 664 4 [2–6] 4 [2–7] 4 [2–6] 0.275
3

Case classification, n (%), n = 710

 Elective 655 (92.3) 98 (79.0) 557 (95.1)

 Non-elective 55 (7.8) 26 (21.0) 29 (5.0) <0.001
2

SD: standard deviation, ASA: American Society of Anesthesiologists physical status

1
T-tests were used.

2
Chi-square tests were used
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3
Wilcoxon rank sum tests were used

4
Fisher’s exact tests were used
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Table 2.

Intra- and postoperative variables and postoperative delirium (univariate analysis)

Postoperative Delirium Status

Total n = 716 (%) Yes n = 127 (17.7) No n = 589 (82.3) P-value

Intraoperative variables

Invasiveness 
*
, n (%)

 Tier 1 and 2 255 (35.6) 23 (9.0) 232 (91.0)

 Tier 3 and 4 461 (64.4) 104 (22.6) 357 (77.4) <0.001
2

Type of anesthesia, n (%)

 TIVA 98 (13.7) 26 (26.5) 72 (73.5)

 TIVA + Volatile 285 (39.8) 58 (20.4) 227 (79.6)

 Volatile 333 (46.5) 43 (12.9) 290 (87.1) 0.003
2

BIS monitoring, n (%)

 No 273 (38.1) 28 (10.3) 245 (89.7)

 Yes 443 (61.9) 99 (22.3) 344 (77.7) <0.001
2

Estimated blood loss, n (%), n = 693

 < 500 ml 600 (86.6) 92 (15.3) 508 (84.7)

 501–999 ml 45 (6.5) 15 (33.3) 30 (66.7)

 > 1000 ml 48 (6.9) 18 (37.5) 30 (62.5) <0.001
2

Transfusion of blood products, n (%)

 No 659 (92.0) 106 (16.1) 553 (83.9)

 Yes 57 (8.0) 21 (36.8) 36 (63.2) <0.001
2

Length of surgery, min median [25th-75th] 129.0 [97.0–187.2] 162.0 [120.5–233.0] 124 .0 [95.0–178.0] <0.001
3

Intraoperative MEA median [25th-75th] 15.6 [12.4–24.0] 18.0 [12.8–27.6] 14.4 [12.4–24.0] 0.009
3

Postoperative variables

Mean pain score on postoperative day 1 median [25th-75th], n = 
697

4.6 [3.3–6.0] 5.5 [4.0–6.8] 4.5 [3.3–5.7] <0.001
3

MEA on postoperative day 1, median [25th-75th] 22.2 [12.0–33.4] 23.0 [13.8–38.2] 22.0 [12.0–32.4] 0.054
3

TIVA: Total Intravenous Anesthesia, BIS: Bispectral Index; MEA: morphine equivalents amount

*
Invasiveness: Tier 1, microdiscectomy, lumbar laminectomy or anterior cervical procedures, minimally invasive fusions; Tier 2, lumbar fusion, 

trauma, or posterior cervical fusion procedures, tumor, infection, deformity, or combined anterior and posterior cervical procedures.

1
T-tests were used.

2
Chi-square tests were used

3
Wilcoxon rank sum tests were used

4
Fisher’s exact tests were used
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Table 3.

Predictors of postoperative delirium by multivariable analysis

Postoperative Delirium

OR (95% CI) P-value

Age 1.04 (1.00, 1.09) 0.048

ASA physical status ≥ 3 1.89 (1.04, 3.59) 0.042

METs < 4 1.84 (1.10, 3.07) 0.019

Depression 2.01 (1.21, 3.32) 0.006

Non-elective surgery 4.81 (1.75, 12.79) 0.002

Invasiveness Tier 3 or 4 1.97 (1.10, 3.69) 0.028

BIS Monitoring 2.09 (1.22, 3.70) 0.009

Mean pain score postoperative day 1 1.28 (1.11, 1.48) < 0.001

OR: Odds ratio, CI: Confidence interval, ASA: American Society of Anesthesiologists physical status, METs: Metabolic equivalents of task, BIS: 
Bispectral Index
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Table 4.

Outcomes associated with postoperative delirium (univariate analysis)

Postoperative Delirium Status

Total n = 715 (%) Yes n = 127 (17.8) No n = 588 (82.2) P-value

Other complications, n (%)

 No 621 (86.9) 83 (65.4) 538 (91.5)

 Yes 94 (13.1) 44 (34.6) 50 (8.5) <0.001
2

Hospital length of stay median [25th-75th], n = 710 3.0 [2.0–4.0] 6.0 [3.0–8.0] 3.0 [2.0–4.0] <0.001
3

Discharge to other place than home n (%), n = 614

 No 361 (58.8) 27 (24.6) 334 (66.3)

 Yes 253 (41.2) 83 (75.4) 170 (33.7) <0.001
2

30-day readmission, n (%), n = 710

 No 657 (92.5) 104 (85.3) 553 (94.1)

 Yes 53 (7.5) 18 (14.7) 35 (6.0) 0.001
2

30- day mortality, n (%)

 No 703 (98.3) 120 (94.5) 583 (99.2)

 Yes 12 (1.7) 7 (5.5) 5 (0.8) 0.002
4

1
T-tests were used

2
Chi-square tests were used

3
Wilcoxon rank sum tests were used

4
Fisher’s exact tests were used
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Table 5.

Predictors of (A) other complications, (B) hospital length of stay, (C) discharge to place other than home, (D) 

30-d hospital readmission after surgery and anesthesia.

A. Other complications

OR (95% CI) P-value Adjusted p-value

Postoperative delirium 3.52 (2.08, 5.91) <0.001 <0.001

Age 1.05 (1.01, 1.09) 0.014 0.055

Nursing home / Facility 3.38 (1.40, 7.87) 0.005 0.021

Non-elective surgery 3.29 (1.65, 6.46) <0.001 0.002

Transfusion of blood products 2.75 (1.37, 5.40) 0.004 0.015

B. Hospital length of stay

 Exponentiated estimate (95% CI) P-value Adjusted p-value

Postoperative delirium 1.60 (1.43, 1.80) <0.001 <0.001

Age 1.01 (1.00, 1.01) 0.041 0.165

Nursing home / Facility 1.30 (1.05, 1.61) 0.016 0.063

ASA physical status ≥ 3 1.11 (1.02, 1.22) 0.022 0.088

Non-elective surgery 1.68 (1.43, 1.99) <0.001 <0.001

Invasiveness Tier 3 or 4 1.32 (1.20, 1.44) <0.001 <0.001

Preoperative opioid use 1.10 (1.00, 1.20) 0.040 0.160

Transfusion of blood products 1.36 (1.16, 1.60) <0.001 <0.001

Mean pain score on postoperative day 1 1.04 (1.01, 1.06) 0.002 0.008

C. Discharge to other place than home Adjusted p-value

OR (95% CI) P-value

Postoperative delirium 4.51 (2.35, 8.93) <0.001 <0.001

Age 1.11 (1.06, 1.16) <0.001 <0.001

Marital Status (other than married/partner) 2.17 (1.31, 3.61) 0.003 0.010

Body mass index 1.05 (1.00, 1.10) 0.036 0.144

ASA physical status ≥ 3 1.88 (1.11, 3.20) 0.019 0.078

Total number of medications 1.06 (1.00, 1.13) 0.049 0.195

Invasiveness Tier 3 or 4 2.38 (1.42, 4.06) 0.001 0.005

Length of Surgery 1.00 (1.00, 1.01) 0.004 0.016

Estimated blood loss

 >1000 ml 7.56 (2.55, 28.11) <0.001 0.003

D. 30-day readmission Adjusted

OR (95% CI) P-value p-value

METs < 4 2.23 (1.14, 4.33) 0.018 0.071

BIS monitoring 2.88 (1.31, 7.25) 0.014 0.056

OR: Odds ratio, CI: Confidence interval, ASA: American Society of Anesthesiologists physical status, METs: Metabolic equivalents of task, BIS: 
Bispectral Index, Adjusted p-value: Bonferroni adjusted p-values.
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