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Abstract

Background: Frailty and cognitive impairment are associated with postoperative delirium but 

are rarely assessed preoperatively. The study was designed to test the hypothesis that preoperative 

screening for frailty or cognitive impairment identifies patients at risk for postoperative delirium 

(primary outcome).

Methods: In this prospective cohort study, we administered frailty and cognitive screening 

instruments to 229 patients ≥ 70 years old presenting for elective spine surgery. Screening for 

frailty (5-item FRAIL scale) and cognition (Mini-Cog, Animal Verbal Fluency) were performed at 

the time of the preoperative evaluation. Demographic data, perioperative variables, and 

postoperative outcomes were gathered. Delirium was the primary outcome detected by either the 

Confusion Assessment Method, assessed daily from postoperative day 1 to 3 or until discharge, if 

patient was discharged sooner, or comprehensive chart review. Secondary outcomes were all other-

cause complications, discharge not to home, and hospital length of stay.

Results: The cohort was 75 [73 to 79 years] years of age, 124/219 (57%) were male. Many 

scored positive for pre-frailty (117/218; 54%), frailty (53/218; 24%), and cognitive impairment (50 

– 82/219; 23–37%). Fifty-five patients (25%) developed delirium postoperatively. On 

multivariable analysis, frailty (scores 3 to 5) (OR 6.6; 95% CI 1.96 to 21.9; P = 0.002) versus 

robust (score 0) on the FRAIL scale, lower animal fluency scores (OR 1.08; 95% CI 1.01 to1.51; P 

= 0.036) for each point decrease in the number of animals named, and more invasive surgical 

procedures (OR 2.69; 95% CI 1.31 to 5.50; P = 0.007) versus less invasive procedures were 

associated with postoperative delirium.

Conclusions: Screening for frailty and cognitive impairment preoperatively using the FRAIL 

scale and the Animal Verbal Fluency test in older elective spine surgery patients identifies those at 

high risk for the development of postoperative delirium.

Summary Statement:

Frailty assessed by the FRAIL scale and cognitive impairment using the Animal Verbal Fluency 

Test are associated with the development of postoperative delirium.

Introduction

Postoperative delirium (POD) is a common complication that afflicts 20–80% of older 

surgical patients.1 As such, guidelines recommend that older surgical patients undergo 

preoperative screening for geriatric conditions associated with POD and poor surgical 

outcomes.2,3 Chief among these are frailty, a geriatric syndrome often described as 

cumulative impairments in functional reserve, and cognitive impairment. About 10–40% of 

older community dwelling persons are pre-frail or frail and a similar proportion has 
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cognitive impairment or overt dementia.4 Likewise, both conditions are common in older 

surgical patients and are associated with a higher risk of developing POD, other in-hospital 

complications, prolonged hospital length of stay, discharge not to home, hospital 

readmission, and mortality.5–10 Nonetheless, preoperative screening for frailty or cognitive 

impairment are not typically performed prior to a surgical procedure.

There are myriad reasons but one is the perception that such screening is unduly burdensome 

and time-consuming for a surgical setting.8,11–13 This has been addressed to some degree in 

the case of preoperative cognitive screening, with work by several groups, including us, 

demonstrating that brief instruments such as the Mini-Cog and Animal Verbal Fluency can 

identify patients at risk for poor surgical outcomes.10,11,14,15 Similarly, there are numerous 

validated tools to assess frailty, but little consensus about which are best suited to the 

preoperative setting. Thus far, investigations of the relationship between frailty and adverse 

surgical outcomes have largely relied on instruments such as the Frailty Index or the Frailty 

Phenotype which, are relatively time consuming and labor intensive and therefore unlikely 

to be widely accepted or adopted in a high throughput preoperative setting. Given the 

prevalence of frailty and its association with poor surgical outcomes, preoperative 

assessment of frailty remains an important clinical initiative.

With this in mind, we hypothesized that frailty or cognitive screening using brief tools will 

identify patients at high risk for POD and other complications. Hence, we designed a 

prospective study wherein older patients scheduled for elective spine surgery were screened 

preoperatively for frailty with the FRAIL scale, a validated 5-item questionnaire for 

predicting decline in health or mortality, and cognition with the Mini-Cog and Animal 

Verbal Fluency test, which we and others have previously demonstrated can stratify older 

surgical patients at risk of POD and other adverse outcomes.8,10,11,15–17 Our secondary aims 

were exploratory in nature and investigate associations between perioperative variables, 

including frailty and cognitive performance, with all in-hospital complications, discharge to 

place other than home and hospital length of stay.

Materials and Methods

The Partners Human Research Committee / Institutional Review Board approved this 

prospective observational cohort study (# 2016P000012) that was also registered in 

clinicaltrials.gov (# NCT02922634). This is a primary analysis of data. Between April 17, 

2017 and October 9, 2018, study staff members recruited patients ≥ 70 years of age who 

were scheduled for elective spine surgery at the Brigham and Women’s Hospital and were 

expected to have an inpatient admission following their procedure. We selected this patient 

population because spine surgery is the 3rd most common surgical procedure in older 

persons18 and our prior work showed that nearly 20% of this surgical demographic develops 

delirium postoperatively.19 This type of surgery is relatively homogeneous and grouped 

within tiers of invasiveness. Eligible patients were identified by review of the preoperative 

evaluation schedule in the electronic medical record. Exclusion criteria included planned 

outpatient surgery; history of overt stroke or brain tumor; uncorrected vision or hearing 

impairment (unable to see pictures or read or hear instructions); limited use of the dominant 

hand (limited ability to draw); and/or inability to speak, read or understand English.
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We planned to prospectively enroll a total of 229 patients in the study based on a power 

calculation of the number of patients required for 85% power to detect a 50% difference in 

POD (primary outcome) at the P = 0.05 level between patients with and without a positive 

cognitive or frailty screen, assuming a baseline incidence of POD of 15% and approximately 

a 10% loss to follow up. After obtaining written informed consent, patients were screened 

using the FRAIL scale to identify frailty and the Mini-Cog and Animal Verbal Fluency tests 

to evaluate cognitive performance in the Brigham and Women’s Hospital Weiner Center for 

Preoperative Evaluation on the day of the patient’s scheduled preoperative evaluation which 

takes place no more than 4 weeks prior to surgery.9,10 The FRAIL scale8,16 is a simple 5 

point screen that measures Fatigue, Resistance (ability to climb one flight of stairs), 

Ambulation (ability to walk one block), Illness (greater than 5 past or current diagnoses) and 

weight loss (>5%). Each positive response within a domain scores 1 point, yielding a 

maximum score of 5. Higher scores indicate increased frailty; as described by others, we 

defined frail as a score of 3 or above and pre-frail as a scores of 1–2. We selected the Mini-

Cog and Animal Verbal Fluency tests for cognition because they are brief, have been used 

previously in older surgical populations, and have been shown to be associated with the 

development of POD.9–11,15 The Mini-Cog is a simple and validated cognitive screening 

tool that includes a three-item recall of memory and a clock drawing component that is 

graded on a 5-point scale, where a score of 2 or less is considered probable cognitive 

impairment. Animal Verbal Fluency is a similarly simple and brief cognitive screening tool 

where the subject is asked to name as many animals as possible in 60 seconds and a score of 

16 or less has previously been demonstrated to be associated with POD.11,20 For the primary 

analysis both Mini-Cog and Animal Verbal Fluency scores were analyzed linearly. We 

categorized the complexity and invasiveness of the surgical procedure according to an 

established 4-tier rating system: microdiscectomy is a tier 1 procedure; lumbar laminectomy, 

anterior cervical procedures or minimally invasive fusions are tier 2; lumbar fusion, trauma, 

or posterior cervical fusion procedures are tier 3; and tumor, infection, deformity, or 

combined anterior and posterior cervical procedures are tier 4.21 For the analysis, we 

grouped tiers 1 and 2 (less complex) and 3 and 4 (more complex) together as there were few 

patients in categories 1 or 4. Other demographic and medical information such as age, sex, 

body mass index, highest level of education, American Society of Anesthesiologists (ASA) 

functional status, Metabolic Equivalent of Task (METS), total number of medications, 

preoperative use of opioids, alcohol consumption, and past medical history of depression 

and psychiatric comorbidities were obtained from the medical record.

Incidence of POD was the primary outcome. POD was identified both by chart review using 

published criteria and by direct, independent assessment with the Confusion Assessment 

Method (CAM).10,22,23 The CAM was administered once per day on postoperative days 1 to 

3, or until discharge if the patient was discharged early, by an investigator blinded to chart 

review information. We used both methods because they are complementary. Delirium 

typically waxes and wanes so it can be missed if the CAM is administered during the waning 

period. Conversely, chart review reflects events over an entire day but may miss hypoactive 

POD, the most common form.1 The secondary outcomes included all in-hospital 

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

arrhythmia, pulmonary embolism, reintubation and deep venous thrombosis), infectious 
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(wound infections, pneumonia, sepsis and urinary tract infection), renal (acute renal injury), 

or cerebrovascular (stroke and transient ischemic accident) complications, discharge to place 

other than home and hospital length of stay.

Study data were managed using Research Electronic Data Capture (REDCap) hosted at 

Partners Healthcare.24

Statistical Analysis

Data were analyzed by several methods using two-tailed testing. We first evaluated data for 

normality and outliers, and no action was required. We performed a missing data analysis 

(numbers reported in the results and tables) and a complete case analysis was performed. For 

univariate analysis, we used Mann-Whitney U test for non-normal distributions (data 

reported as median [25th, 75th percentiles]) or the independent samples t test for normally 

distributed continuous variables (data reported as mean ± standard deviation (SD)), and Chi 

Square test for categorical variables (data reported as count (%)) to compare differences 

between POD and no POD groups. For multivariable analysis, all the covariates with P ≤ 0.1 

on univariate analysis (body mass index, American Society of Anesthesiologists physical 

status, Metabolic Equivalent of Task, total number of medications, preoperative use of 

opioids, animal fluency test score, FRAIL scale score and invasiveness of the surgical 

procedure) were entered into a backwards stepwise logistic regression model for prediction 

of the primary outcome, incidence of POD. Age as a continuous variable and the Mini-Cog 

score were forced into the multivariable model. These variables were selected to account for 

possible confounding, no variables were analyzed as effect modifiers. The Hosmer-

Lemeshow goodness of fit test was performed to evaluate model-fitting of the logistic 

multivariable model. Variables included in the model were tested for multicollinearity using 

the Variance Inflation Factor (VFI) and correlation matrix. We performed the same 

univariate statistical analysis described above for having complications other than POD, 

discharge to place other than home and hospital length of stay (secondary outcomes) and 

further used the Spearman’s rank-order correlation test and Kruskal-Wallis rank sum test as 

appropriate. We performed a post-hoc analysis to investigate the association between the 

FRAIL scale scores and the ASA physical status (both as ordinal variables) using the 

Spearman’s rank-order correlation test. A sensitivity model was conducted post-hoc where 

we forced possible confounders based on theory (to further include alcohol consumption, 

depression and psychiatric history) into the model with the relevant pre-screening predictors. 

The significance threshold was set at P < 0.05. All analyses were performed with statistical 

software IBM SPSS Statistics for Macintosh, Version 25.0 (Armonk, NY: IBM Corp).

Results

During the study period, the Weiner Center evaluated 439 patients aged 70 years or older 

who were scheduled for elective spine surgery (Figure 1). Of these, 33 were ineligible, 41 

could not be approached because study personnel were occupied with another enrollment, 

and 3 declined participation at the front desk. Of the remaining 362 patients, 125 declined 

and 8 were determined to be ineligible. Of the 229 who gave informed consent, 5 asked to be 
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un-enrolled during the study and were excluded and 5 did not have their procedure. Data 

from the remaining 219 patients were included in this analysis.

As shown in Table 1, of the 219 patients, 2 (0.9%) patients had missing data for body mass 

index, 7 (3.2%) for highest level of education, 10 (4.6%) for METS, 26 (11.9%) for alcohol 

consumption, 1 (0.5%) for FRAIL scale, 1 (0.5%) for hospital length of stay and 1 (0.5%) 

for discharge place.

The median age of the cohort was 75 years with 57% (N = 124/219) being male (Table 1) 

and 24% (N = 53/219) scored as frail. Based on the Mini-Cog and verbal fluency scores 

23% (N = 50/219) and 37% (N = 82/219) had probable cognitive impairment, respectively. 

POD developed in 25% (N= 55/219) with (32/219 (58%) detected by chart review only, 

2/219 (4%) detected by CAM only, and 21/219 (38%) detected by chart review and CAM). 

On univariate analysis, higher body mass index, ASA physical score ≥ 3, METS ≤ 4, higher 

number of medications, chronic use of opioids, fewer animals named on the verbal fluency 

test, frailty, and more invasive procedures were associated with POD (Table 2).

On the multivariable model, frailty (FRAIL scale score ≥ 3) (odds ratio [OR] 6.6; 95% 

confidence interval [CI], 1.96 to 21.9; P = 0.002) was a strong independent predictor of POD 

but this was not the case for pre-frailty (FRAIL scale score 1 or 2) (OR 1.95; 95% CI, 0.60 

to 6.3; P = 0.266). Naming fewer animals on the verbal fluency test was associated with 

increased odds of POD (OR 1.08; 95% CI, 1.01 to 1.51; P = 0.036 for each point decrease in 

the number of animals named). In contrast, lower scores on the Mini-Cog was not associated 

with increased risk for POD. Finally, more invasive surgery was associated with greater risk 

for POD (OR 2.69; 95% CI, 1.31 to 5.50; P = 0.007) (Table 3).

All in-hospital complications other than POD (N = 219) occurred in 68 patients (31%) and, 

on univariate analysis, higher body mass index, ASA physical status ≥ 3, METS < 4, total 

number of medications, chronic use of opioids, alcohol consumption, animal verbal fluency 

test score frailtyand more invasive procedures were associated with other in hospital 

complications. (Supplementary Table 1)

Seventy-seven patients (36%) admitted from home (N= 215) were discharged to a place 

other than home. On univariate analysis, older age, female sex, ASA physical status ≥ 3, 

METS < 4, total number of medications, psychiatric history, animal verbal fluency test 

score, FRAIL scale score ≥ 3 and more invasive procedures were associated with discharge 

to other place than home. (Supplementary Table 2)

On univariate analysis, variables associated with longer hospital length of stay after surgery 

included higher body mass index, ASA physical status METS < 4, total number of 

medications, chronic use of opioids, depression, FRAIL scale scoreand more invasive 

surgical procedures. (Supplementary Table 3)

No in-hospital or 30-day mortality was recorded.

On the post-hoc analysis, ASA physical status was weakly correlated with the FRAIL scale 

scores (rs = 0.179, P = 0.008). The sensitivity model consisting of theoretically important 
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confounders yielded consistent results:significant association between verbal fluency test 

(OR 1.08; 95% CI 1.002 to 1.15; P = 0.043), frailty (FRAIL scale score ≥ 3) (OR 7.1; 95% 

CI 1.84 to 27.2; P = 0.004) and more invasive surgical procedures (OR 3.05; 95%CI 1.42 to 

6.54; P = 0.004).

Discussion

This study demonstrates that frailty is prevalent in older patients undergoing elective spine 

surgery and, along with cognitive impairment and the invasiveness of the surgical procedure, 

frailty is associated with POD. Unlike most previous work, we assessed and identified frailty 

using a simple, brief screening tool, the FRAIL Scale, rather than a lengthy battery and 

demonstrate that it is sufficient to identify patients at risk for unfavorable surgical outcomes. 

This is crucial in a preoperative setting, where time is limited and geriatric expertise many 

not be available. Furthermore, we concurrently screened patients for cognitive impairment, a 

common feature of frailty and a well-established independent risk factor for development of 

POD.3 Confirming previous work, we demonstrate that the older surgical population has a 

high prevalence of cognitive impairment and that poor cognition is associated with a high 

incidence of POD. Therefore, while both frailty and cognitive impairment are common in 

older elective surgical patients and predict greater risk for postoperative cognitive and 

medical complications, frailty appears to be the stronger risk factor of the two.

Frailty is an age-related syndrome featuring multi-organ loss of reserve and resiliency and 

increased vulnerability to stressors. It is common in the community, with a prevalence 

between 10–65% depending upon age and the tool used to assess it and over 40% are pre-

frail.4,8,24 Frailty is also common in older elective surgical populations; 38–54% of those ≥ 

age 70 score as pre-frail and 35–41% as frail on comprehensive frailty measures.7 However, 

longer, detailed frailty instruments have been used in nearly all frailty studies in surgical 

patients which, due to time constraints, are unlikely to be widely adopted in clinical practice, 

and the few that used brief measures were conducted retrospectively and/or involved urgent 

or emergency surgery.8 There is no agreement about the optimal tool for assessing frailty 

and prevalence estimates vary somewhat with the criteria and instrument used. We chose the 

FRAIL Scale because it is brief and requires neither measurements (e.g. walking speed, grip 

strength) nor medically-trained personnel. The Scale has high specificity but low sensitivity, 

so may underestimate the prevalence of frailty. Nonetheless, it performed well in our setting 

as judged by the fact that the percentage of our cohort who scored as frail is similar to that 

reported in surgical populations by others using longer instruments and that the brief screen 

for frailty verified associations of this geriatric syndrome with POD and all-cause 

complications. Therefore, the FRAIL Scale appears to be well-suited for a high-throughput 

environment such as the preoperative evaluation clinic. While there is some correlation 

between ASA physical status and the FRAIL scale score (our post-hoc analysis suggests a 

weak yet statistically significant positive correlation), the ASA physical status does not 

predict perioperative risks, but when used with other factors such as the type of surgery, 

frailty scores and other markers of deconditioning it can be helpful in predicting 

perioperative risks.25,26 The FRAIL score measures fatigue, resistance, ambulation, illnesses 

and loss of weight and is very objective. In contrast, the ASA physical status is a subjective 
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assessment of the fitness of patients before surgery and measures their medical co-

morbidities.

Frail persons are often cognitively impaired as well, and poor cognition is a risk factor for 

development of POD and other unfavorable surgical outcomes. As such, we screened 

patients separately for baseline cognitive status. We used the Mini-Cog and Animal Verbal

Fluency tests because both tools are brief and easy to administer and have been shown 

previously to predict risk for POD in older surgical patients.10,11 Our results compare well 

with prior work in geriatric patients scheduled for various elective surgical procedures, with 

most reporting that 15–63% of patients, are cognitively impaired before surgery. In fact, the 

23% incidence of probable cognitive impairment by Mini-Cog and 37% by Animal Verbal 

Fluency identified in this study are consistent with the findings of others. Likewise, our data 

show that poor preoperative cognitive status is associated with a greater prevalence of POD, 

a relationship identified previously using different tests and surgical populations.11,15 Here, 

however, contrary to our previous work and the work of others, poor preoperative cognition 

was associated with POD by Animal Verbal fluency but not Mini-Cog.10 The reasons for 

this discrepancy are not clear but may be related to several factors. Animal Verbal Fluency is 

scored on an unlimited-point scale whereas the Mini-Cog is scored on a 5-point scale and 

this may reduce the statistical power of the latter to detect differences; or perhaps because 

Animal Verbal Fluency has high sensitivity and low specificity as suggested by a higher 

incidence of cognitive impairment (37%) than the Mini-Cog (23%).

This work has a number of weaknesses. This was a single-center study of older surgical 

spine patients, so caution is warranted in generalizing these results to other geriatric surgical 

patients. In addition, nearly 35% of the patients who were eligible for the study declined 

participation and it is not known whether the results would be different if they had enrolled 

(selection bias). Our data may also underestimate the risk of developing POD after this type 

of surgery as more than 65% of the subjects in this study had at least a college education; 

this is relevant because educational attainment is associated with a lower risk of cognitive 

impairment and, hence, delirium. Similarly, because we administered the CAM just once per 

day during the first 3 postoperative days, we may have missed cases of POD. However, we 

complemented this evaluation with chart review, which complements the CAM and reflects 

the waxing and waning course of delirium throughout the day. There were other sources of 

potential bias during this study, such as interviewer bias or bias from misclassification of 

exposure and/or outcome that were acknowledged and addressed: we used a standardized 

protocol for data collection; investigators were trained to score the Mini-Cog and CAM prior 

to study enrollment; the Mini-Cog clock drawing test was scored by a second blind 

investigator and, in case of conflicting scores, by a third blind investigator; and CAM and 

chart review for POD were checked by an independent investigator. We performed a 

multivariable regression analysis to account for possible confounders, but the role of other 

unidentified variables cannot be ruled out.

In conclusion, as suggested by The American College of Surgeons and the American 

Geriatrics Society guidelines, we found that older patients who screen positively for 
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preoperative frailty or cognitive impairment using brief screening tools are at increased risk 

of developing POD and all-cause morbidity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Flow diagram on recruitment, retention and postoperative delirium
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Table 1.

Baseline characteristics.

Total = 219

Age, years, median [25th, 75th percentile] 75 [73, 79]

Sex, n (%)

 Male 124 (57)

 Female 95 (43)

Body Mass Index, Kg.m2, median [25th, 75th percentile] [N = 217] 28 [25, 32]

College degree or higher, n (%) [N = 212] 144 (66)

ASA physical status ≥ 3, n (%) 149 (68)

METS < 4, n (%) [N = 209] 70 (32)

Total number of medications, median [25th, 75th percentile] 8 [5, 11]

Chronic use of opioids, n (%) 55 (25)

Alcohol consumption, n (%) [N = 193] 125 (57)

Depression, n (%) 39 (18)

Psychiatric history, n (%) 22 (10)

Mini-Cog score, median [25th, 75th percentile] 4 [3, 5]

Animal Fluency Test, mean ± SD 18 ± 6

FRAIL scale, n (%) [N = 218]

 Score 0 (robust) 48 (22)

 Scores 1 and 2 (pre-frail) 117 (54)

 Scores 3 and 5 (frail) 53 (24)

Surgical invasiveness
a
, n (%)

 Tier 1 + 2 111 (51)

 Tier 3 + 4 108 (49)

SD: standard deviation, ASA: American Society of Anesthesiologists, METS: Metabolic Equivalent of Task.

a
Surgical invasiveness: tier 1 and 2, microdiscectomy, lumbar laminectomy or anterior cervical procedures, minimally invasive fusions; tier 3 and 4, 

lumbar fusion, trauma, or posterior cervical fusion procedures, tumor, infection, deformity, or combined anterior and posterior cervical procedures.
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Table 2.

Univariate associations with postoperative delirium.

N = 219
Postoperative Delirium

P - value
No = 164 (75%) Yes = 55 (25%)

Age, years, median [25th, 75th percentile] 75 [73, 79] 77 [72, 80] 0.508
a

Sex, n (%) 108 (67) 36 (72) 0.720
b

 Male 94 (57) 30 (55)

 Female 70 (43) 25 (46)

Body Mass Index, Kg.m2, median [25th, 75th percentile] [N = 217] 28 [25, 32] 30 [26, 34] 0.025
a

College degree or higher, n (%) [N = 212] 108 (67) 36 (72) 0.480
b

ASA physical status ≥ 3, n (%) 105 (64) 44 (80) 0.028
b

METS < 4, n (%) [N = 209] 45 (29) 25 (49) 0.007
b

Total number of medications, median [25th, 75th percentile] 8 [5, 10] 9 [7,12] 0.002
a

Chronic use of opioids, n (%) 34 (21) 21 (38) 0.010
b

Alcohol consumption, n (%) [N = 193] 98 (68) 27 (55) 0.101
b

Depression, n (%) 26 (16) 13 (24) 0.192
b

Psychiatric history, n (%) 14 (9) 8 (15) 0.200
b

Mini-Cog score, median [25th, 75th percentile] 4 [3, 5] 4 [2, 5] 0.333
a

Animal Fluency Test, mean ± SD 19 ± 5 17 ± 5 0.005
c

FRAIL scale, n (%) [N = 218] < 0.001
b

 Score 0 (robust) 43 (26) 5 (9)

 Scores 1 and 2 (pre-frail) 92 (56) 25 (46)

 Scores 3 and 5 (frail) 29 (18) 24 (44)

Surgical invasivenessd, n (%) 0.002
b

 Tier 1 + 2 93 (57) 18 (33)

 Tier 3 + 4 71 (44) 37 (67)

SD: standard deviation, ASA: American Society of Anesthesiologists, METS: Metabolic Equivalent of Task.

a
Mann-Whitney U test

b
Chi square test

c
Independent samples t test

a
Surgical invasiveness: tier 1 and 2, microdiscectomy, lumbar laminectomy or anterior cervical procedures, minimally invasive fusions; tier 3 and 4, 

lumbar fusion, trauma, or posterior cervical fusion procedures, tumor, infection, deformity, or combined anterior and posterior cervical procedures
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Table 3.

Variables associated with postoperative delirium on multivariable analysis.

Postoperative Delirium

OR (95% CI) P - value

Body mass index 1.06 (0.996; 1.14) 0.067

Animal Verbal Fluency Test 1.08* (1.01; 1.51) 0.036

Scores 3 to 5 (frail) vs Score 0 (robust) 6.6 (1.96; 21.9) 0.002

Scores and 2 (pre-frail) vs Score 0 (robust) 1.95 (0.60; 6.32) 0.266

Surgical Invasiveness 2.69 (1.31; 5.50) 0.007

Hosmer and Lemeshow Test Goodness of Fit; P = 0.234

*
Odds Ratio as per 1 animal decrease

Variables entered in the logistic model: age, body mass index, American Society of Anesthesiologists physical status, Metabolic Equivalent of 
Task, total number of medications, preoperative use of opioids, Mini-Cog score, animal fluency test score, FRAIL questionnaire score and 
invasiveness of the surgical procedure.
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